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Abstract

Background. 1t is known that the outcomes of patients treatment with periprosthetic joint infection (PJI)
are significantly influenced by the state of the patient’s body, the nature of the pathogen, the state of
tissues in the area of the infectious focus and the treatment tactics. However, topographic and anatomical
features of the blood supply to the knee and hip joints, as well as the volume of soft tissues, can affect the
spectrum of pathogens, manifestations of the infectious process and, as a consequence, the effectiveness
of treatment.

The aim of the study was to conduct a comparative analysis of the somatic status of patients, the etiology
of the infectious process and the effectiveness of treatment of PJI depending on its localization.

Methods. A single-center retrospective study was conducted. The cases of 337 patients were studied — 119
patients with knee and 218 patients with hip PJI who underwent treatment with a two-stage technique
during the period from 2007 to 2017. A comparative analysis of the PJI pathogens structure and concomitant
pathology between patients with hip and knee PJI was carried out. The frequency of infection relief in the
groups following the first stage was counted.

Results. Recurrence was diagnosed four times more frequently in patients with hip PJI compared to knee PJI.
Risk factors for recurrence were gram-negative pathogens, microbial associations, and fistulous forms of the
infectious process. Localization of the infectious process in the hip area was associated with a statistically
significant greater volume of blood loss during the prolonged debridement surgery.

Conclusions. Recurrences of PJI occur more frequently in the hip area compared to the knee joint. Further
analysisof critical factors in recurrence development is necessary for potential intervention.

Keywords: periprosthetic joint infection, hip arthroplasty, knee arthroplasty, comorbidity, etiology.
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Mepunpote3sHas MHGeEKUUA KONEHHOro U Ta306eApeHHOro CycTaBoB —
MOXXHO I CpaBHMBaTb pe3y/bTaTbl IeYeHUs?

C.A. boskkosa !, IT.M. IIpeo6paskenckmii !}, A.A. Kouni !, P.M. TuxuaoB !,
B.A. Aptiox!, O.A. KnuiieHKo

L @I'BY «HayuoHanvHwlii MeOUUUHCKUL ucciedo8amenbCKuli yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus
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Pedepar

AKmyansHoCme. VI3BeCTHO, UYTO Ha MCXO[bI JIeUeHNs MalMeHTOB ¢ IepurpoTe3Hoit uHdexuueit ([IIT1) snaun-
MOe BJIMSIHME OKAa3bIBAIOT COCTOSTHME OpPraHM3Ma MalyeHTa ¥ TKaHei B 06;1acTy MHPEKIMOHHOTO 0Yara, Xapak-
Tep BO3OYOUTENs], TAKTUKA MMPOBEIEHHOro JieueHust. OqHaKko Tonorpado-aHaTOMUYeCKe 0COOEHHOCTY KPO-
BOCHaOXXeHMsI KOJIEHHOTO ¥ Ta306€IPEHHOT0 CYCTAaBOB, a TAK)Ke 06beMa MITKUX TKaHel TakKske MOTYT BJIVSITh Ha
CIEKTP BO36YIMUTENe, MPOSIBIIeHNST MHPEKLIMOHHOTO IPOIecca 1, Kak CJIeACTBME, Ha 3PPEKTUBHOCTD JIeUEeHMS.
Ilens uccnedosanus — PoOBeCTU CPAaBHUTEIbHBIN aHAIN3 COMATUYECKOTO CTAaTyca MalMeHTOB, STUOIOTUN UH-
dexunonHoro npotecca u 3¢bdeKTUBHOCTM JIeUeHUsI TTepUIPOoTe3HON MHPEKIMM B 3aBUCUMOCTY OT ee JIOKa-
IU3aLUN.

Mamepuan u memodst. IIpoBeieHO KOTOPTHOE PETPOCIIEKTUBHOE MCCIeqoBaHMe. Mi3yueHbl MCTOpUU 60e3HU
337 mauenToB: 119 c I niocne aHAomnpoTre3upoBanus KoineHHoro cycrasa (KC) u 218 — mocie saHaomnpore-
3MpoBaHus TazobempeHHoro cycrasa (TBC), mpolnenmmx jedeHue ¢ IpUMMeHeHMeM IBYX3TaITHO! MeTOIUKU
¢ 2007 o 2017 r. [IpoBenieH CpaBHUTENIbHbIN aHAIN3 CTPYKTYPhl Bo3oynuTesneii [1TTU 1 comyTcTByIOIIEH maTo-
norum mexay nauueHtamu c [T KC u TBC, onpepeneHa yactoTa KynupoBaHus uHGeKIMKU B 00eux Ipymnax
T10CjIe IIepBOro 3Tara jeyeHus.

Pesynvmamot. PeliuiyiB IMarHoCcTUpoBa/in B 4 pasa uaiie y nainueHToB ¢ I TBC otHocuTenbHo I KC.
dDakTOpaMy PUCKA PelyANBa ObUIY IPaMOTPUIIATENbHbIE BO3OYAUTENN, MMKPOOHbBIE aCCOLMALIVIY U CBUIIIEBbIE
dhopmbl MHDEKIIMOHHOTO Mpoiiecca. Jlokanu3sanus MHGEKIVOHHOTOo mpoliecca B obimact TBC accoummnpoBaHa
CO CTATUCTUYECKM 3HAUMMO GOJBIINM 06beMOM KPOBOIOTEpY Ha (oHe Gosee IINTETbHO OTlepalyy CaHUPY-
IOLLlero JTara.

3aknrouenue. PeliyIBbI TEPUTTPOTE3HOI MHGBEKIIMY Yallle TPOUCXOIAT B 06/1aCTU Ta300eJPEHHOTO CYCTaBa I1o
CPaBHEHUIO C KOJIEHHBIM CcycTaBoM. Heo6Xomum JaabHeimii aHaau3 KPUTUUECKM BasKHBIX (PaKTOPOB pas-
BUTMS peIUIUBa C LIeIbI0 BO3MOXXHOIO BO3EMCTBMS Ha HUX.

KiroueBble ¢JioBa: nepuipoTesHas MHGEKIMs, SHIOIPOTe31POBaHye Ta306eIpPeHHOro CyCcTaBa, HI0IPOoTe-
3MpOBaHNe KOJIEHHOI'O CYyCTaBa, KOMOPOMIHOCTD, STUOJIOTHSL.

Hns uurupoBanus: Boxkkosa C.A., [Ipeo6paskeHckuit I[1.M., Kounmn A.A., Tuxunos P.M., Aptiox B.A., Kimuienko O.A.
IMepunporesHast MHPEKLMST KOJIEHHOTO U Ta300eIpeHHOr0 CYCTaBOB — MOXXHO JIM CPaBHMBATDb PE3Y/IbTAThI JIeUeHUS?
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BACKGROUND

Periprosthetic joint infection (PJI) following
arthroplasty is one of the most serious
complications.Itconsistentlyranksamongthetop
three most common reasons for revision surgery,
along with dislocations and aseptic instability
[1, 2]. The frequency of PJI remains high, and
its absolute numbers are increasing, leading to
substantial financial burdens associated with its
treatment [3, 4]. High recurrence rates, coupled
withtherising prevalence of difficult-to-eradicate
(DTE) pathogens, compel surgeons to continue
using the two-stage treatment method, which
involves debridement with the placement of an
antimicrobial spacer, followed by rearthroplasty
[5, 6]. Despite being the established method for
treating chronic PJI, the recurrence rate remains
high, ranging from 10% to 30% [7, 8].

Currently, risk factors related to patients, such
as obesity, chronic liver and kidney diseases,
systemic illnesses, and dependencies, are actively
being studied [9, 10, 11]. However, the influence
of the localization of the infectious process, i.e.,
an anatomical factor, has not been adequately
explored. The knee joint and hip joint have
unique topographic and anatomical features in
terms of blood supply and soft tissue volume in
the surgical access area. Their proximity to the
organs of the pelvis for hip and a thin layer of
connective tissue for knee could potentially affect
the spectrum of PJI pathogens and the frequency
of fistula formation.

A review of the literature on the research
topic revealed a limited number of publications
dedicated to the comparative analysis of risk
factors for PJI recurrence based on its localization.
Newdataregardingthe characteristics of infectious
processes in different locations and their impact
on outcomes could improve the effectiveness of
treatment for this patient population.

The aim of this study — to conduct a
comparative analysis of the somatic status of
patients, the etiology of the infectious process,
and the effectiveness of treatment for chronic PJI
based on its localization.

METHODS
Study design

A retrospective cohort study was conducted
based on the analysis of medical records and

telephone interviews of 337 patients with PJI
following primary arthroplasty. This included 119
patients with knee PJI and 218 patients with hip
PJI who underwent treatment at Vreden National
Medical Research Center of Traumatology and
Orthopedics from 2007 to 2017.

Inclusion criteria: Newly diagnosed PJI with
subsequent debridement surgery and the
placement of an antimicrobial spacer.

Exclusion criteria: revisions in the patient's
medical history, systemic inflammatory response
at admission, and the use of a tourniquet during
knee joint debridement.

PJI diagnosis was made based on the criteria
of the Consensus Meeting on Periprosthetic
Joint Infection (2018) [12]. Patients were divided
into two groups based on the localization of the
infectious process: group 1 — knee infection
and group 2 — hip infection. Both groups were
assessed for hospitalization duration, duration
of debridement surgery, volume of blood loss,
spectrum of PJI pathogens, comorbidity index
[13], infection type according to W. Zimmerli, the
proportion of patients with fistulous infection
forms, and the effectiveness of PJI control.

Microbiological examination results of
tissue biopsies and sonicated fluid samples
from removed constructs were considered
for analyzing the spectrum of pathogens.
Infection type was determined based on
W. Zimmerli's classification, which is based on
the time of infection manifestation after primary
arthroplasty [14]. Three infection types were
identified: early (manifesting within less than 3
months), delayed (manifesting between 3 to 12
months), and late (manifesting after 12 months).

To obtain a cumulative comorbidity score,
the frequency of pathologies that could
influence treatment outcomes was analyzed. The
comorbidity score was determined by summing
the scores for all pathologies according to their
severity [13].

The effectiveness of eradicating chronic
infection was assessed upon the patients'
admission for the second stage of surgical
treatment. The mean follow-up period for
patients after the first stage was 180 days (IQR
150-95). Eradication of infection was defined as
the absence of clinical and laboratory signs of
the infectious process, as well as no recurrence
data between treatment stages. Eleven patients
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with knee PJI were excluded from the treatment
effectiveness analysis due to their unavailability
during the study.

Statistical analysis

The collected data were analyzed using the
StatSoft STATISTICA 10. The comparison of the
frequencies of qualitative characteristics (gender,
PJI type, treatment effectiveness) was conducted
using the chi-squared (x*) and Pearson methods.
Median (Me) and interquartile range (IQR) (Q1-
Q3; 25-75%) were used for quantitative variables.
When analyzing differences in quantitative data
(age, duration of hospitalization and surgery, total
comorbidity score) between the study groups, the
Mann-Whitney U test was employed. Differences
were considered statistically significant at p < 0.05.
To assess therisk of recurrence, the relative risk (RR)
with a 95% confidence interval (CI) was calculated
following evidence-based medicine rules.

RESULTS

The study revealed a prevalence of females over
males in the overall cohort of patients included
in the study (Table 1). The proportion of females

among patients with knee PJI was significantly
higher (p = 0.03) than the corresponding figure in
the hip PJI group. The age of patients ranged from
22 to 87 years, with a median (Me) of 62 years
and an interquartile range (IQR) of 53-69 years.
Patients with knee infection were significantly
older than those with hip PJI (p = 0.004).

Irrespective of the localization of the
infectious process, the prevailing infection type
(51.6%) was late-onset infection, with symptoms
manifesting a year or more after arthroplasty.
Fistulous infection (FI) was observed in half
of all cases (50.7%), but comparative analysis
established its statistically significant prevalence
among patients with infection localized in the
hip area (p < 0.05).

The comorbidity index ranged from 5 to 12
points (Table 2). Patients with knee PJI had, on
average, a higher level of this indicator than the
group with hip PJI (p = 0.01).

In contrast, the duration of surgery (p = 0.00),
the volume of intraoperative blood loss (p = 0.00),
and the length of hospitalization (p = 0.02) were
significantly higher among patients with hip
infection.

Table 1
Characteristics of patients in the study groups, % (n)

Characteristic Total, n = 337 Knee group,n=119 Hip group, n =218 p
Male 39.8 (134) 32.0 (38) 44.0 (96) 0.03
Female 60.2 (203) 68.0 (81) 56.0 (122)

Age, years 62 (53-69) 64 (58-69) 61 (50-70) 0.004
PJI type:

early 24.6 (83) 26.7 (32) 23.4 (51) >0.05

delayed 23.7 (80) 26.0 (31) 22.5 (49) >0.05

late 51.6 (174) 47.0 (56) 54.1 (118) >0.05
PJI form:

fistulous 50.7 (171) 27.7 (33) 63.3 (138) 0.00

non-fistulous 49.3 (166) 72.3 (86) 36.7 (80) 0.00

* Statistically significant values are shown in bold.
Table 2
Study parameters in study groups
Parameter Knee group Hip group p

Comorbidity index 9 (7-12) 8 (5-11) 0.01
Hospitalization duration, days 23 (19-27) 25 (21-31) 0.02
Surgery time, min 165 (135-190) 190 (160-220) 0.000
Blood loss, ml 650 (400-900) 800 (500-1100) 0.001

* Statistically significant values are shown in bold.
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The effectiveness of controlling PJI after the
debridement stage in the overall patient cohort
was 83.8% (Table 3). Of note is the statistically
significant predominance of adverse treatment
outcomes among patients with hip infection
compared to the knee nfection (p = 0.002).

Among the leading pathogens causing PJI in
both patient groups, staphylococci (54.2%) were
predominant (Table 4). Among patients with knee
infection, Staphylococcus epidermidis slightly
prevailed, while Staphylococcus aureus prevailed
in the hip group. No significant differences in the
frequency of microorganisms were found between
the groups, except for Propionibacterium sp. This
pathogen was significantly more frequently
isolated from the biomaterial of patients with
knee PJI (p = 0.04).

Further analysis of pathogen structure focused
on studying the frequency of PJI recurrence in
patients with infections of different localizations
(Table 5). It was found that monobacterial
infection caused by Gram-positive (Gram(+))
bacteria significantly recurred more frequently
(p < 0.05) when the infectious process was
localized in the hip area. In patients with knee
PJI, the isolation of Gram-negative (Gram(-))
pathogens increased the risk of recurrence by 7
times (RR — 7.3; 95% CI 1.2-45.9) compared to
Gram(+) infection.

Microbial associations were predominantly
found in patients with hip PJI, with the
participation of (Gram(-) bacteria increasing
the risk of recurrence by more than 2 times
(RR — 2.3;95% CI 0.7-7.3).

Table 3
Outcomes before the second stage of treatment, % (n)

Outcome Total Knee group Hip group p
Recurrence 16.2 (49) 5.0(5) 21.8 (44) 0.002
Remission 83.8 (254) 95.0 (96) 78.2 (158) >0.05
Total 100 (303) 100 (101) 100 (202) n/a

* Statistically significant values are shown in bold; n/a — not applicable.
Table 4
Structure of PJI pathogens in groups
Pathogen Knee group, % (n) Hip group, % (n) P
Staphylococcus epidermidis 29.2 (40) 28.1 (74) >0.05
Staphylococcus aureus 27.0 (37) 33.4 (88) >0.05
Enterococcus sp. 8.8 (12) 7.2 (19) >0.05
Propionibacterium sp. 7.3 (10) 1.9 (5) 0.04*
Enterobacteriaceae family 6.6 (9) 4.2 (11) >0.05
Coagulase-negative staphylococci 5.1(7) 4.6 (12) >0.05
Streptococcus sp. 4.4 (6) 6.1 (16) >0.05
Non-fermenting Gram-negative bacteria 4.4 (6) 6.5(17) >0.05
Others 4.4 (6) 4.9 (12) >0.05
Corynebacterium sp. 2.9 (4) 1.9 (5) >0.05
Candida sp. 0.0 (0) 1.54) >0.05
Total microorganisms 100 (137) 100 (263) >0.05

* Statistically significant values are shown in bold. Coagulase-negative staphylococci (except S. epidermidis);

Enterobacteriaceae family - including Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae; Non-fermenting Gram(-)

negative bacteria: Ps. Aeruginosa, Acinetobacter sp.
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Table 5
Recurrence rate in patients with mono-/polymicrobial forms of PJI-in groups, % (n / N)
Recurrence
PJI cases p
Knee group Hip group
Monomicrobial form Gram(+) 3.0 (2/66) 22.2 (30/135) 0.002
Monomicrobial form Gram(-) 22.2 (2/9) 23.1 (3/13) >0.05
Polymicrobial form Gram(+) 6.7 (1/15) 15.4 (4/26) >0.05
Polymicrobial form: Gram(+) and Gram(-) 0.0 (0/3) 35.7 (5/14) n/a
No growth 0.0 (0/6) 10.0 (1/10) n/a
Fungi 0.0 (0/2) 25.0 (1/4) n/a
Total 5.0% (5/101) 21.8% (44/202) 0.002

n — number of patients with PJI recurrence; N — number of patients with a specific PJI form,;

* — average recurrence rate in the group.

Statistically significant values are shown in bold; n/a — not applicable.

DISCUSSION

Stage revision arthroplasty remains a competitive
treatment method for PJI despite promising
results of single-stage surgical strategies in
recent years. Authors of several meta-analyses
describe the advantages of single-stage revision
arthroplasty and gradually expand its indications
based on data showing comparable infection
eradication effectiveness. However, they still
emphasize the significant role of the two-stage
algorithm. For patients with complex somatic
status, obesity, the presence of fistulas, and the
presence of multi-drug resistant pathogens,
staged revision arthroplasty is preferable. Given
that a significant proportion of patients fall into
these categories, this strategy remains relevant.
The prevalence of osteoarthritis of the hip
and knee is higher in women than in men, and
the incidence increases during menopause due
to cartilage volume reduction and bone loss.
This fact is reflected in the patient population
undergoing primary hip and knee replacement.
A similar gender distribution is observed
among patients with hip and knee PJI, as
confirmed by the data from our study. However,
the proportion of males in the structure of
patients with infectious complications becomes
more significant. This may be related to the
fact that male gender, according to scientific
publications, is an independent risk factor for PJI.

S. Xu et al have shown that one of the
predisposing factors for the development of
fistulous forms of PJI is the localization of the
infectious process. According to their data, the
development of PJI after hip arthroplasty was
significantly more often accompanied by fistula
formation (25.4%) compared to the localization
of the infectious process in the knee joint (18.5%).
According to our study, the majority of patients
with knee PJI had the presence of fistulas (63.5%),
which was statistically significantly higher
than in similar studies by foreign colleagues; a
similar indicator among patients with hip PJI was
comparable with international statistics at 27.7%.

The total comorbidity index score in both
groups in our study corresponded to an average
risk of recurrence. Despite a higher comorbidity
score, the effectiveness of the debridement
stage was higher in patients with hip PJI. This
might be related to the higher frequency of
fistulous forms in patients with knee PJI, which
are often associated with significant soft tissue
inflammation, or possibly other risk factors.
For example, our study found a significantly
longer duration of debridement surgery with
spacer implantation and associated higher
intraoperative blood loss, which are predisposing
risk factors for PJI recurrence.

An analysis of treatment outcomes in
patients with knee PJ]I revealed a significant
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negative impact of microbial associations with
Gram(-) bacteria on the effectiveness of the first
stage of surgical treatment. The presence of such
pathogens increased the risk of failure by more
than 2 times, confirming the results of earlier
studies.

Staphylococci were the leading pathogens
of PJI in both study groups, which can be
attributed to their ability to form microbial
biofilms. Despite the similar species structure of
pathogens, except for the more frequent isolation
of Propionibacterium sp. from patients with knee
infection (p = 0.04), microbial associations more
frequently caused knee PJI.

Negative effects of Gram(-) pathogens on
the effectiveness of the sanitation stage of
monobacterial hip PJI were also observed. The
risk of recurrence was 7 times higher compared
to Gram(+) pathogens. When monobacterial
infection was localized in the knee joint, such a
dependency was not found. A similar negative
trend of Gram(-) pathogens' involvement
in the etiology of PJI was also identified by
B. Zmistowski et al, with the frequency of infec-
tion recurrence caused by Gram(-) and Gram(+)
pathogens being 48% and 31%, respectively.

Limitations of the sudy

This study has limitations due to its retrospective
nature and an uneven number of patients in the
comparison groups. However, this limitation
was mitigated by strict inclusion criteria in the
study and adequate statistical data processing
methods.

CONCLUSIONS

The study showed significant differences in
the effectiveness of the debridement stage of
two-stage treatment for patients with newly
diagnosed PJI depending on the localization
of the infectious focus. Infection in the knee
joint was characterized by a higher recurrence
rate compared to the hip joint. Prognostically
unfavorable factors included the involvement
of Gram-negative pathogens and microbial
associations in the etiology of the infection, the
presence of fistulas, and consequently, longer
surgery duration and increased blood loss.

Further research is needed to identify the full
range of the most significant risk factors for the
development of recurrent infectious processes
and to develop measures for their possible
modification or mitigation of their negative
effects depending on the localization of PJI.
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Leonid I. Malyuchenko!, Nikolai S. Nikolaev 2, Vadim V. Yakovlev!,
Elena V. Preobrazhenskaya'

! Federal Center of Traumatology, Orthopedics and Arthroplasty (Cheboksary),
Cheboksary, Russia

2 Chuvash State University named after I.N. Ulyanov, Cheboksary, Russia

Abstract

Background. Periprosthetic joint infection (PJI) is a severe complication of arthroplasty. The widely
accepted treatment standard for PJI is a two-stage revision arthroplasty involving the articulating
spacers. The implant surface provides an ideal environment for bacterial adhesion, facilitating
mature biofilm formation. To prevent bacterial adhesion effectively, the surface of the implanted
device must be modified with an efficient coating. The ability of a modified coating based on two-
dimensional linear carbon chains (2D LCC) with silver (Ag) impregnation to inhibit biofilm formation
and provide efficient bacterial eradication has been investigated in several experimental studies. However,
there is a lack of publications on clinical studies evaluating the effectiveness of such coatings.

The aim of the study — to assess mid-term outcomes of knee and hip PJI treatment using spacers coated with
two-dimensional linear carbon chains impregnated with silver.

Methods. This study is based on the results of the examination and two-stage revision arthroplasty of 144
patients with newly diagnosed knee and hip PJI. Patients were divided into two groups: the first (main) group
received articulating spacers coated with 2D LCC+Ag, while the second (control) group received articulating
spacers with antibiotics. Anamnestic, clinical, laboratory, microbiological, and statistical methods were used
in this study. The evaluation of short-term results was performed using the KSS, Harris, VAS, and EQ-5D-5L
scales at 3 months after surgery, and mid-term results were assessed at 2 years.

Results. The study confirmed the high antibiofilm activity and safety of spacers coated with 2D LCC+Ag. Both
groups showed a reduction in inflammation markers during treatment. Before the second stage of treatment,
both groups experienced a statistically significant decrease in CRP, procalcitonin, and presepsin levels, as
well as synovial cytosis and neutrophil content. The frequency of recurrences after two-stage treatment was
significantly lower in the first group compared to the second group. In the mid-term period, the first group
had higher scores on the KSS and Harris scales by 20.5 and 7.0 points, respectively. Results on the EQ-5D-5L
were 10/0.08 points higher, and the intensity of pain according to VAS was three times lower in the first group.

Conclusions. The use of spacers coated with 2D LCC+Ag allows for a faster resolution of the inflammatory
process, reduces the incidence of PJI recurrences, and predicts active protection of the implant surface
from microbial colonization and biofilm formation. This, combined with antibiotic prophylaxis, provides a
favorable therapeutic and preventive effect against PJI recurrence.

Keywords: arthroplasty, periprosthetic infection, implant-associated infection, microbial biofilms,
antibacterial coating.
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CpepHecpoUHble pe3ynbTaTbl JIeYeHUS NepunpoTesHon UHPEKLUU
C NPUMEHEHUEeM Cnemncepos C YrNepoaHbIM NOKPbITUEM,
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Pedepar

AxmyansHocms. Tlepunporesnas nHbekius (TIIIM) — Tskenoe OCIOKHEHME SHAONPOTe3upoBanus. O6Ienpu-
3HaHHBIM cTaHAapToM jedeHus [1I1IU gBisgeTcs AByX3TallHOE PEBU3MOHHOE SHAONPOTEe3UPOBaHMe C IPUMeHeHMeM
apTUKYIUPYIOIIMX crieficepoB. [I0BEPXHOCTh UMILIAHTATOB — UAEATbHOE MECTO JIJIst 6aKTepuabHOI afre3uu, CIo-
co6CTBYIONIEI 00pa3s0BaHMIO 3pesioit 6MoTIeHKHM. ik co3maHus MpeIoTBpalaoliero aaresuio 6akrepuii 6apbepa
HeoO6X0IMMO M3MEHUTh MOBEPXHOCTh MMIUIAHTUPOBAHHOTO YCTPOICTBA C MOMOIIBI0 3(PPEKTUBHOTO TMOKPBITHS.
CrocobHOCTh MOAVGUIIMPOBAHHOTO TOKPBITUSI HA OCHOBE ABYMEPHO YIOPSILOYEHHOTO JIMHEHO-[eTI0YeYHOTO
yrieponma (OY JILIY+Ag) uHruoupoBaTh 00pa3oBaHue OGMOIUIEHKM U oOecreunBaTh 3(DPEKTUBHOE YHUUTOXKEHME
GaKkTepuit M3ydyanachb B HECKOIbKMX SKCIIEPUMEHTANTbHBIX MCC/IeA0BaHMSX. OIHAKO OTCYTCTBYIOT ITyGAMKAIIVY O pe-
3y/bTaTaxX KIMHUYECKUX UCCIeOBaHMIi 9PGhEKTUBHOCTM TaKUX MTOKPBITHUIA.

Llenws uccnedosarHusi — OLEHUTH CPeSHECPOYHBbIE Pe3yAbTaThl MCIIOIb30BAHMS CIIEICePOB C TTOKPBITMEM HA OCHOBE
JIBYMEPHO YIIOPSIAOYEHHOTO JIMHENHO-1IETIOYEUHOTO YIJIEPOJa, JIETMPOBAHHOTO cepeGpoM, TIPU JIeUeHUM TTEPUTTIPO-
Te3HOI MHGEKINYM KOJIEHHOTO ¥ Ta300eIpeHHOTO CyCTaBOB.

Mamepuan u memoodesl. VicciienoBaHue OCHOBAHO Ha pe3y/bTaTax 00C/IeqoBaHUs U JBYX3TAITHOTO PEBU3MOHHOTO 3H-
IOIpoTe3MpoBaHys 144 maiyueHToB ¢ BIiepBbie BbisiBaeHHOI [T konenHbix (KC) 1 Tazo6enpenHbix (TBC) cycTaBoB.
[MamyeHThI 6bUIM pa3/ieseHbl Ha ABE IPYIIIIbI: IEPBYIO IPYIIY COCTABU/IU MAIMEHTDI C aPTUKYIMPYIOUIUM CIIeiicepoM,
MOKPBITHIM Y JILY+Ag, BTOPYIO IPYIIITY — HAlMEHTbI, KOTOPHIM ObLT YCTAHOBJIEH apTUKYIMPYIOLINIA CIIelicep ¢ aHTU-
6uoTMKaMM. B MccieqoBaHUM UCIIONb30BAIM aHAMHECTUUECKUIA, KIMHUKO-Ta60paTOPHBIN, MUKPOOGUOIOTUYECKUIA,
CTaTUCTUUECKMi MeTombl. OlieHKa O6/MKaiIInX pe3ylIbTaToB BhIIOJIHSIACK Mo ImKanam KSS, Harris, BAII, EQ-5D-5L
yepes 3 Mec. IMOC/Ie oIepalyin, cCpegHeCpoOYHbIX — yepe3 2 roaa.

Pesynvmamelt. ViccrienoBaHue TOATBEPOMIO BHICOKYIO aHTUMOMOIUIEHOUHYIO aKTMBHOCTh M 6e30TacHOCTD Criejicepa
C TTOKpBITHEM Ha OcHOBe Y JII[Y+Ag. B ayMHaMyKe MpOM30IUIO CHMUKEHME YPOBHS MapKepOB BOCIAJIEHUs B 00enx
rpynmnax. Ilepe BTOpbIM 3TaroM je4eHus B TPyIIax MIPOU30LITIO CTaTUCTUUECKM 3Hauumoe cHipkeHue CPB, mpo-
KaJIbIIUTOHVHA U TIPECENCUHA, IIUTO3a U COAepskaHMs HeTPODUIIOB B CyCTaBHOM ITyHKTaTe. YacToTa peluauBOB M0-
CJle IBYX3TAITHOTO jieueHus] Obula CTaTUCTUYECKY 3HAUMMO HMKe B IepBOJi TPYIIe 10 CPaBHEHUIO cO BTOpoii. 1o
mkasam KSS u Harris B cpegHecpoYHOM Tepuojie pe3yibTaT B IIepBoii rpyrimne 661 Boiiie Ha 20,5 u 7,0 6a/u10B co-
OTBETCTBEHHO. Pe3ybTaThl 110 IiKaje KauecTBa sku3uu EQ-5D-5L 6butn Bhiine Ha 10/0,08; mo BAII BripaskeHHOCTh
60JIeBOTO CMHAPOMA B TIEPBOII I'pyIINe Obljia B 3 pa3a MeHbIIIe.

3axntouerue. Vicrionb30BaHme cIieiicepa ¢ MOKPbITHMEM Ha ocHoBe 1Y JILIY+Ag ro3BossieT 6pICTpee TMKBUAVPOBATD
BOCITA/INTEIbHBIN MPOLIecC, CHU3UTDb UnciIo petnansos I1IINM, mporHo3upoBaTh aKTUBHYIO 3aIIUTY TOBEPXHOCTU UM-
TUTAHTATa OT KOJIOHU3aLMM MUKPOOPTaHM3MaMu U HOpMUPOBAHUS MUKPOOGHBIX GMOIJIEHOK, UTO BKYIIE C MeIMKa-
MEHTO3HOJ aHTUOMOTUKOIIPOMDUIAKTUKONM 06ecrieunBaeT XOPOouLnii JeuebHO-TIpoduIakKTMIecKuit 3¢peKT B OTHO-
mweHnu peungusa I,

KitroueBble cj10Ba: SHIOMIPOTE3MPOBaAHME CYCTABOB, IEPUIIPOTE3HAS MHDEKIMS, MUMILIAaHTaT-aCCOLMUPOBAHHAS VH-
dexuys, MUKpOOHbIE OMOTUIEHKY, aHTHOAKTEepMaTbHOE IIOKPBITHE.

IOna uurupoBaHusa: Mamouenko JI.M., Hukomaes H.C., fIkoBneB B.B., IIpeo6paxkenckas E.B. CpemHecpouHbie
pes3yabTaThl JIeueHus TIepUIIPOTE3HOI UHpEKIUA C [IpMMeHeHeM creiicepoB ¢ YI7IepOLHbIM
MOKPBITMEM, WMMIIPETHMPOBAHHBIX cepebpom. Tpasmamonozus u opmoneduss Poccuu. 2023;29(4):14-23.
https://doi.org/10.17816/2311-2905-7997.
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BACKGROUND

Joint arthroplasty is currently recognized as the
gold standard for the treatment of patients with
stage III-IV osteoarthritis. Joint arthroplasty
offers several advantages, including rapid relief of
pain and full restoration of the patient’s mobility
within a short rehabilitation period [1, 2].

However, one of the major complications of
joint arthroplasty is periprosthetic joint infection
(PJI). PJI is a severe complication both for the
patient, necessitating repeat surgeries, and for
the healthcare system, leading to increased
hospitalization duration and high economic
costs [3]. The frequency of PJI after primary joint
arthroplasty ranges from 0.5% to 3.0% [4], and
it can reach up to 30% in revision procedures
5,6, 7].

A significant complicating factor in the course
of P]I is the rapid formation of bacterial biofilms
on implanted metal structures [8]. The primary
goal in treating implant-associated infections is
the prevention of these processes [9].

The widely accepted treatment standard
for PJI is a two-stage revision arthroplasty
involving the use of articulating spacers, typically
impregnated with antibiotics [10]. These spacers
can be made of a single material, most commonly
polymethylmethacrylate (PMMA), or can be
composite (cement-metal, cement-polyethylene,
cement-ceramic, etc.) [11]. PMMA is used as a
matrix to provide antibiotic depot [10, 11].
Attempts have been made to incorporate
antiseptics or particles of halogens and metals with
antimicrobial activity (silver, zinc, copper, etc.)
into PMMA, but such studies are scarce [12, 13].
Since microorganisms do not develop resistance
to substances with broad bactericidal activity,
creating new antimicrobial coatings for implant
components represents a promising direction in
the treatment of infectious complications in joint
arthroplasty with spacer use [14, 15].

The implant surface provides an ideal
environment for bacterial adhesion, facilitating
mature biofilm formation [16]. To prevent
bacterial adhesion effectively, the surface of the
implanted device or material must be modified,
either directly or with the use of an efficient
coating [17].

The ability to modify the implant surface to
minimize bacterial adhesion, inhibit biofilm
formation,andensureeffectivebacterialeradication
for the protection of implanted biomaterials
has been studied in several investigations.
Some authors have demonstrated low efficiency
in using diamond-like coatings containing a
combination of sp2- and sp3-carbon high-energy
bonds, limiting their application in traumatology
and orthopedics [18, 19]. Results from other
studies have revealed the advantages of coatings
based on two-dimensional linear carbon chains
(2D LCC) due to their structural characteristics,
such as good adhesion to the surface of metal
implants, strength, and biological compatibility
[20]. D.V. Tapalsky and colleagues conducted
a multicenter study aimed at assessing the
antibacterial activity and biological compatibility
of coatings for metal structures based on 2D LCC.
The results showed that coatings based on 2D
LCC+Ag provide a pronounced surface bactericidal
effect and have the ability to prevent the formation
of microbial biofilms on metal surfaces. Coatings
based on 2D LCC are safe and do not induce
cytotoxic effects [21].

However, there is a lack of publications in the
literature regarding the results of clinical studies
on the effectiveness of coatings based on 2D LCC..

The aim of this study — to assess mid-term
outcomes using spacers coated with two-
dimensional linear carbon chains impregnated
with silver (2D LCC+Ag) in the treatment of
periprosthetic joint infection in large joints of
the lower extremities

METHODS
Study design

An open prospective cohort randomized study
was conducted at the Center from 2017 to 2021.
It was based on the results of examination
and surgical treatment of patients with newly
diagnosed periprosthetic joint infection (PJI) of
the knee and hip joints.

The inclusion criterion for patients in the
study was a confirmed case of PJI according to
the criteria of the 2013 International Consensus
Meeting on Periprosthetic Joint Infection [22].
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Exclusion criteria patients under 18 years of age,
pregnancy, and patient refusal to participate at
any stage of the study.

After applying the inclusion and exclusion
criteria, 144 patients were selected for the study:
82 with PJI of the hip and 62 with PJI of the
knee, including 71 females (49.3%) and 73 males
(50.7%).

Patients were randomized into two groups
using random number generation with Excel
software.

In the first (experimental) group, patients
were implanted with an articulating spacer
coated with two-dimensionally ordered linear-
chain carbon with silver (DU LCUC+Ag). In the
second (control) group, traditional articulating
spacers with antibiotics were used (see Figure 1).

Patients in both groups were comparable in
terms of gender and age (Table 1).

During the study, a thorough medical history
was collected to identify comorbidities and
potential risk factors that could have contributed

Total number of patients
n=144
First group Second group
Spacer with 2D-LCC+Ag Spacer with antibiotics
n=72 n=72
AN AN
[ [ [ [

Subgroup PJI Subgroup PJI || Subgroup PJI Subgroup PJI

hip knee hip knee
41 patients 31 patients 41 patients 31 patients

23 males 12 males 27 males 11 males
18 females 19 females 14 females 20 females

Fig. 1. Study flowchart

to the development of PJI. An analysis of the
most commonly occurring somatic pathology
was performed.

The treatment of PJI was performed using
a two-stage revision arthroplasty method.
The goal of the first stage was joint sanitation
using a spacer in combination with mechanical
treatment of pathological tissues. In the second
stage, after infection control and assessment of
clinical and laboratory parameters, a permanent
endoprosthesis was implanted. All patients
received empirical or etiotropic antibiotic
therapy based on the antibiotic susceptibility of
the pathogen isolated from the focus.

Outcome assessment

Comparative evaluation of pain syndrome and
laboratory parameters (CRP level, ESR, D-dimer)
in the first and second groups was conducted
before and after treatment. The assessment of joint
function based on functional rating scales was
performed separately for the hip and knee joints.
The interval between the two stages of re-
endoprosthesis was assessed in days and was
statistically significantly shorter in the first group
of patients than in the second group, with 64.5
(53-103) days in the experimental group and 78
(63.5-111.0) days in the control group, p =0.010.
After treatment, a comparative assessment of the
severity of pain syndrome, quality of life, joint
function (based on rating scales), and laboratory
parameters (CRP level, ESR, procalcitonin,
presepsin, cytosis, and neutrophil content in joint
punctate before I and II stages of treatment) was
conducted. The assessment of midterm functional

Table 1
Distribution of patients by gender and age
First group Second group
Indicator p
n % n %

Males 35 48.6 38 52.8 0.617
Females 37 51.4 34 47.2 0.617
Mean age, years

Me (Q1-03) 63.5 (57.5-70.0) 62.0 (54.5-69.0) 0.500
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treatment results was performed 2 years after
treatment using the KSS, Harris, VAS pain, EQ-5D-
5L scales.

Statistical analysis

Statistical data processing involved calculating
the mean and standard deviation (M*c). In the
absence of a normal distribution or for rank data,
the median (Me), upper and lower quartiles (Q1-
Q3) were determined.

Statistical significance of differences between
data with a normal distribution was assessed
using Student’s t-test, and for non-normally
distributed or rank data, the Mann-Whitney
nonparametric test was used. Differences in
dynamics were evaluated using the Wilcoxon
criterion. For qualitative data, differences were
assessed using the y? criterion. Statistical analysis
was performed using Statistica for Windows 10.0,

and data were considered statistically significant
at a probability of error (p) less than 0.05.

RESULTS

At baseline, there were no significant differences
in general blood analysis parameters between
the study groups. Baseline levels of inflammation
markers were also comparable. However, both
groups experienced a decrease in these markers
during the course of treatment. The level of
CRP was lower in the first group, while levels of
procalcitonin and presepsin were comparable.
The cellular count and neutrophil count in the
joint punctate normalized in both groups, with
all values falling within the reference range
(Table 2).

The recurrence rate after the first stage of
treatment in the first group was 2.8% (2 out of
72) compared to 11.1% (8 out of 72) in the second

Results of laboratory examination of patients before stages I and II of treatment Table 2
Indicator Term First group (n =72) Second group (n = 72) p
White blood cells, Before stage I 7.9 (7.0-9.8) 8.5 (7.1-10.3) 0.287
“107L Before stage II 6.5 (5.9-8.0)* 7.2 (5.8-8.6)* 0.275
ESR (Erythrocyte Before stage I 46.5 (29.5-69.5) 43.0 (25.5-73.5) 0.694
sedimentation rate), )
mm/h Before stage 11 20.5 (12.0-32.0)* 18.0 (10.0-34.0)* 0.379
Hemoglobin, g/L Before stage I 121.0(112.0-132.0) 122.0 (110.0-140.5) 0.361
Before stage II 121.0 (111.0-130.0) 124.0 (113.5-136.0) 0.145
Red blood cells, x10'%/L Before stage I 4.3 (4.0-4.7) 4.45 (4.1-4.8) 0.210
Before stage II 4.4 (3.9-4.9) 4.4 (4.2-4.9) 0.225
Platelets, x10%/L Before stage I 316.5 (275.5-385.5) 337.5(283.0-420.5) 0.266
Before stage II 270.5 (232.0-314.0) 267.0 (222.0-330.5) 0.951
CRP (C-reactive Before stage I 17.6 (7.9-73.5) 39.1 (12.7-71.3) 0.082
protein), mg/L Before stage II 5.0 (2.6-8.2)* 5.0 (4.5-11.8)* 0.029
Procalcitonin, pg/mL Before stage I 0.032 (0.02-0.076) 0.04 (0.02-0.0655) 0.414
Before stage II 0.02 (0.02-0.032)* 0.023 (0.02-0.04) 0.09
Presepsin, pg/mL Before stage I 300.0 (204.5-300.0) 300.0 (250.0-448.0) 0.055
Before stage II 190.0 (150.0-191.0) 200.0 (200.0-200.0) 0.085
Cytosis, cells x10%/L Before stage I 17500.0 (4312.5-49250.0) 15000.0 (5370.0-45500.0) 0.881
Before stage II 382.5(110.0-1100.0)* 300.0 (150.0-814.0)* 0.921
Neutrophils, % Before stage I 93.0 (88.5-95.0) 92.0 (88.5-95.0) 0.854
Before stage II 12.0 (12.0-48.0)* 12.0 (12.0-70.0)* 0.885

*Differences in dynamics according to the Wilcoxon test at p<0.05.
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group (p = 0.049). There were no recurrences
after the second stage in the first group, and the
values remained the same at 2.8% (2 out of 72)
compared to 20.8% (15 out of 72) in the second
group (p < 0.001).

Functional status and pain levels, despite
similar baseline values, were more favorable
in the first group after the second stage of P]I
treatment and in the midterm postoperative
period. Pain levels among individuals without
PJI recurrence were also better in the first group.

Quality of life was assessed using the EQ-5D-5L
questionnaire, and the results after treatment
were better in the first group than in the second
group based on the EQ-VAS general well-being
score and EQ-5D-5L score (Table 3).

The positive dynamics of laboratory
parameters were accompanied by improved
joint function. Two years after the completion of
treatment, joint function was better in the first
group, as assessed by the Harris score for hip
joint and the KSS score for knee joint (Table 4, 5).

Midterm results on the EQ-5D-5L questionnaire for patients without PJI recurrence fable 3
Indicator First group (n = 70) Second group (n = 57)
EQ-5D-5L, proportion 0.88 (0.84-1.00) 0.80 (0.64-0.88)
EQ-VAS, points 90.00 (90.00-95.00) 80.00 (70.00-90.00)
p<0.001.
Table 4
Functional status of the hip joint according to the Harris scale in patients with PJI
Follow-up period First group Second group p
Before stage I 28.0 (23.0-37.0) 28.0 (20.0-42.0) 0.286
Before stage II 38.0 (31.5-41.0) 37.0 (31.3-40.0) 0.818
2 years after stage 11 91.0 (87.0-93.3) 84.0 (77.5-87.0) <0.001
Table 5
Functional status of the knee joint according to the KSS scale in patients with PJI
Assessment scale Follow-up period First group Second group p
KSS Knee Score, points Before stage I 32 (32-35) 32 (32-35) 0.946
Before stage II 50 (37-50) 45 (31-45) 0.046
2 years after stage II 90 (74-95) 70 (30-84) 0.002
KS_S Functional Score, Before stage I 30 (30-30) 30 (30-30) 0.966
points
Before stage II 35 (35-45) 35 (35-35) 0.047
2 years after stage II 75 (71-95) 65 (47-83) 0.005
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Pain levels before the first and second stages
of treatment in the first and second groups were
comparable (Table 6). However, midterm results
were significantly better in the main group.

Microbiological analysis of biological material
samples did not identify the pathogen in 21

patients (14.6%), and multiple microorganisms
were isolated in 6 patients (4.2%). Staphylococci,
including S. aureus (27.6%), and coagulase-
negative staphylococci (38.3%) were the most
common isolates, while streptococci were cultured
in 13% of cases (Table 7).

Table 6
Pain score according to the VAS
Follow-up period Main group Control group p
Before stage I 8.0 (7.0-8.5) 8.0 (7.0-9.0) 0.532
Before stage II 5.0 (4.0-6.0) 5.0 (5.0-6.0) 0.137
2 years after stage II 1.0 (1.0-2.0) 3.0 (1.0-4.0) <0.001
Table 7
Results of microbiological examination of synovial fluid, tissue biopsies,
and swabs from removed components
Positive results
Microorganism

n %
Anaerobes 2 1.6
Gram-negative microorganisms 10 8.0
Coagulase-negative staphylococci 41 33.3
Staphylococcus aureus 34 27.6
Staphylococcus epidermidis 13 10.6
Staphylococcus hemolyticus 1 0.8
Staphylococcus lugdunensis 3 2.4
Staphylococcus warneri 1 0.8
Streptococcus sp. 16 13.0
Corynebacterium striatum 2 1.6
Total 123 100.0

DISCUSSION

The study showed a statistically significant
reduction in the recurrence rate of infection after
using the 2D LCC+Ag coating compared to the
results in the second group. It is worth noting
that in most studies, an absolute reduction in the
recurrence rate of 1.5-2.0 times was observed, but
without statistical significance. This fact may be
explained by the small number of observations,
which is supported by the results of a meta-
analysis conducted by M. Fiore and colleagues.
The analysis of studies showed that the infection
rate after revisions was 13.7% in the group of

patients with silver-containing coating implants
and 29.2% in the group using implants without
coating, indicating the effectiveness of silver-
containing coatings in preventing infections
(p =0.019) [23].

In our study, the recurrence rate in the
second group was 20.8%, which is consistent
with the literature. For example, V.V. Pavlov and
colleagues reported a recurrence rate of 19.5%
in patients treated for hip and knee PJI [24].
V.A. Ivantsov and colleagues reported a 14.4%
unsatisfactory outcome rate in knee joint P]I
treatment [25]. The recurrence rate of hip joint
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PJI in F. Schwolow’s study was 14.4% with an
average follow-up of 8 years [26]. According to
A.S. Steinicke and colleagues, the infection-free
survival of knee and hip endoprostheses was 77%
(95% CI 64-89) after 1 year and 38% (95% CI 18-
57) after 5 years [27]. The variation in recurrence
rates among studies may be due to differences in
the duration of follow-up.

The use of the new coating in our study
resulted in lower leukocyte and neutrophil
counts and a lower recurrence rate in the first
group of patients. This indicates effective control
of the infection process. T. Shirai and colleagues
observed a less severe inflammatory response in
patients using iodine-coated spacers [28].

The use of the new coating can also impact
joint function and pain levels. Better joint
function results (reference values of cell count
and neutrophil content in the punctate, reduction
in blood inflammatory markers) after the second
stage of debridement were observed in the first
group. This suggests faster infection control with
the use of silver-doped carbon coating, better
biocompatibility compared to uncoated spacers,
which ultimately may positively affect joint
function. The joint function assessed by Harris
score for hip joint and KSS score for knee joint was
better in the first group, and pain levels were less
pronounced than in the second group [29, 30].

The effectiveness of PJI treatment is further
confirmed by improved quality of life for patients.
For example, J.L. Cahill and colleagues reported
that patients whose PJI resolved had higher scores
on quality of life and VAS compared to patients
with PJI recurrence after two-stage revision [31].
A decrease in quality of life with the development
of PJI is supported by the results of a study by
N.R. Poulsen and colleagues, in which patients
with PJI recurrence had worse quality of life than
patients with resolution after two-stage revision
[32]. Our study showed similar results.

CONCLUSIONS

The use of a spacer with a coating based on
2D LCC+Ag allows for faster resolution of the
inflammatory process, achieving lower neutrophil
and CRP levels in the blood, as well as reduced
cytosis and neutrophil content in joint punctate.
It also leads to a decrease in the recurrence rate
of PJI in both knee and hip joints.

The faster and more effective resolution of
PJI in the main group contributes to improved

prosthesis function. Patients in the main group
achieved better knee and hip joints function
results, higher quality of life according to the EQ-
5D-5L and lower pain levels on the VAS scale.

The assessment of midterm results of PJI
treatment provides grounds to predict active
protection of the implant surface from microbial
colonization and biofilm formation. This,
combined with antibiotic prophylaxis, ensures
a good therapeutic and preventive effect against
PJI recurrence. To study the long-term results of
using spacers coated with 2D LCC+Ag, further
research is planned.

The results obtained confirm the justification
for the wider use of spacers coated with 2D LCC+Ag
for the treatment of periprosthetic infection,
considering the need for revision surgery.
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Results of Arthroscopic Treatment of Patients With Femoroacetabular
Impingement Depending on the Type of Hip Deformity

Oleg E. Bogopolskiy, Pavel V. Filonov, Rashid M. Tikhilov

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

Abstract

Background. Femoroacetabular impingement (FAI) is one of the most common causes of pain syndrome and
limited mobility in the hip joint among young and middle-aged individuals.

The aims of this study: 1) To evaluate the impact of the type of hip joint deformity in patients with FAI on
treatment outcomes; 2) To identify the type of hip joint deformity that is optimal for correction using
arthroscopy; 3) To determine the impact of the acetabular structure in conditions of borderline dysplasia on the
treatment outcome.

Methods. A retrospective uncontrolled single-center study was conducted, including 121 patients (135 hip
joints), among them 49 (40.5%) women and 72 (59.5%) men. Patients were divided into four groups based on the
type of deformity. The first group included 33 (24.4%) joints with cam-type FAI, the second group — 72 (53.4%)
joints with mixed-type, the third group — 17 (12.6%) joints with dysplasia (LCEA-0<25°) and cam-type deformity
of the femoral head-neck junction, and the fourth group — 13 (9.6%) joints with a combination of dysplasia,
cam-type deformity, and retroversion of the acetabulum. All patients underwent physical examination and
radiographic diagnostics. In patients with borderline dysplasia, the version of the acetabulum was additionally
assessed. The iHOT-33 and HOS scales were used to evaluate the preoperative status and postoperative results.
Results. The best treatment outcome was achieved in the first group of patients, which was statistically
significantly different from the results in the third group. The treatment outcomes in the second group of patients
did not show statistically significant differences from the first group according to the HOS questionnaire, but
differed according to the iHOT-33 scale. The treatment outcomes in the fourth group of patients were almost
indistinguishable on the iHOT-33 scale from the first group and on the HOS scale from the second group. In the
third group, a statistically significant result on the HOS-Sport subscale was achieved in only 30% of patients,
while in other groups it was not less than 58%. Other scales showed a slight superiority of treatment results in
the first and fourth groups compared to the second and third groups. In the first years after surgery, all groups
of patients showed a significant improvement in sports activity, but after 2 years, there was a tendency for a
decrease in patients in the second and third groups.

Conclusions. The highest results of arthroscopic treatment were shown by patients in the first group with isolated
cam-type deformity, slightly worse were results by patients in the second group (with mixed-type). In patients
with borderline dysplasia, the effectiveness of arthroscopy depended on the structure of the anterior wall of the
acetabulum. The worst result was observed in patients with borderline dysplasia and insufficiently developed
anterior wall of the acetabulum — in that group of patients, it is worth preferring isolated periacetabular
osteotomy or in combination with arthroscopy.

Keywords: femoroacetabular impingement, hip arthroscopy, acetabular dysplasia, acetabular retroversion.
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Pe3ynbTaTbl apTpoCKONMYECKOro e4eHUs NauMeHToB
¢ pemopoaueTabynsipHbIM UMNUHAXKMEHTOM B 3aBUCUMOCTH
oT TMna aedopMaummn Ta3obeapeHHOro cycTaBa

O.E. Borononbckuii, I1.B. ®unoHos, P.M. Tuxunos

OI'BY «HayuoHanvHblii MeQuyuHCKUli ucciedosamensCckuli yeHmp mpasmamonozuu u opmoneouu
um. P.P. Bpedena» Mur3zdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pecdepar

AxmyansHocms. DeMopoalieTabynsipHbIii UMIMHIKMEHT (DAU) sIB/IsIeTCST OMHOM U3 HambojIiee 4acThIX MPUINH
60JIEBOT'O CMHAPOMA ¥ OTPaHMUYEHNS TIOJBUKHOCTY B Tazo0enpeHHoM cycTase (TBC) y imi] MOIOIOTO U CPeTHETO
BO3pacTa.

Ilenu uccnedoeanus: 1) olieHUTD BIAMSTHME TUTIA AedopMalMy Ta300eIpeHHOTO CyCTaBa y MalMeHToB ¢ pemopoa-
LeTaby/IIpHBIM UMITMHIKMEHTOM Ha Pe3y/bTaT JedyeHusi; 2) BbISIBUTD TUII fedopMalnuy Ta306eIpeHHOro CycTa-
Ba, KOTOPBII SIBJISIETCS] ONTUMAJIbHBIM [IJIS1 KOPPEKLMY C UCIIOIb30BaHMEM apPTPOCKONNY; 3) ONPERENIUTD BIAUSHUE
CTPOeHMs] BEPTAY)XKHOI BIIaJMHBI B YCIOBUSIX TOTPAaHMYHOM OUCIUIA3UM HA PE3Y/IbTaT JIeUeHUsI.

Mamepuan u memodul. BbITOIHEHO PETPOCIIEKTVBHOE HEKOHTPOIMPYEMOE OTHOIIEHTPOBOE UCC/Ie0BAHME, B KO-
Topoe Bomen 121 mamyeHT (135 Ta306eApeHHBIX CYCTaBOB), B TOM uucie 49 (40,5%) skeHmyH u 72 (59,5%) my>xum-
HbI. [TaleHThI ObIIM paseneHbl Ha 4 IPYMIbI Mo Tuy gedopmanyy. B rpymimy 1 BRaoueHo 33 (24,4%) cycrasa c
cam-turnom @AY, B rpynmy 2 — 72 (53,4%) cycraBa ¢ mixed-tumom, B rpymnmy 3 — 17 (12,6%) cycTaBoB C AyucIUIa-
3ueii (LCEA-0<25°) u cam-Tumnom gedopmanyy ronoBku, B rpymniry 4 — 13 (9,6%) cycTaBoB ¢ cOYeTaHMEM AVCIUIA-
31U, cam-Tuia gedhopmalum 1 peTpoBepcun BepTIyKHOI BlIaauHbl. BceM manyeHTam BBITOMHSIIM GU3MKaTbHOE
06cieioBaHMe ¥ JIyUYEBYIO AMATHOCTUKY. V MAIMEHTOB C OTPAHNYHOI AVCIUIa3Meli TOMOMHUTENbHO OI€HUBAIN
BEPCUIO BEPTAY)KHON BIaAMHBL. [l OLleHKM MpefoIepaliOHHOrO CTaTyca U MOowIeonepalMOHHbIX Pe3yabTaTOB
ucrnonb3oBany mkansl iHOT-33 u HOS.

Pesynemamei. JIydiminii pe3ynbTaT JieueHUsI JOCTUTHYT B Ipymne 1 maluyeHTOB, YTO CTATUCTUIECKM 3HAUMMO
OT/INYAIOCh OT pe3yjbTaTa B rpymnrie 3. Pe3ynbTaThl iedeHUSI NaLMEeHTOB B TPYyIIIe 2 He UMeIu CTaTUCTUIECKU
3HAYMMBIX OTAMUMIi OT rpynnsl 1 mo onpocHuky HOS, onHako oTinvanuck no mkane iHOT-33. PesynbTaTsl
JieueHUs MALIMEHTOB B rpymiie 4 mouTu He oTanuaauch o mkaae iHOT-33 ot rpynmnst 1 u no mkane HOS ot
rpynisl 2. B rpynne 3 no nogmkane HOS-Sport ctaTucTuecku 3HAUYMMBI pe3yabTaT O6bUT JOCTUTHYT TOIBKO
y 30% maiueHTOB, B TO BpeMS KaK B OCTAJbHbBIX TPYIIax OH 6bUT He HKe 58%. OcTayibHbIe MIKAJIbI ITOKA3a/IU
He3HauMTeNIbHOE MPEeBOCXOACTBO Pe3ylbTaTOB JieueHUs B rpynnax 1 u 4 mo cpaBHeHMIO C rpynnamu 2 u 3. B
IepBble TOABI MOC/Ie Onepalyy BCe TPYIIbI MalMeHTOB MOKAa3bIBa/Iy CYLIeCTBEHHOE yIyJlleHue CIIOPTUBHOM
aKTMBHOCTM, OJHAKO CITyCTS 2 TOZA Y MAIlMeHTOB I'PYII 2 U 3 Hab/moganach TeHOEHIMS K CHYSKEHUIO.
3axnouenue. Jlydiiye pesynbTaTbl aPTPOCKONMMYECKOTO JIeUeHMS IT0Ka3aau MalyeHThl IPYIIbl 1 ¢ M301MPOBaH-
HBIM cam-TuioMm gedopmanyy. HeckombKo Xyke maiyMeHTsl IpyIiibl 2 (¢ mixed-Tumom). Y naluiueHTOB C IOTpaHny-
HOJ gucrutasyein 3GeKTUBHOCTb apTPOCKOIMM 3aBUCUT OT CTPOEHUS TIepeiHel CTEHKY BEPTTYKHOV BITaI/HBbI.
Hauxypnuinii pesyabTaT HabmM0gaeTcs y MalMeHToB ¢ TOTpaHMYHOM AYCIUIa3ell M HeOCTaTOYHO Pa3BUTOI Iepei-
Heli CTEHKOJ BepTIYKHOM BaAMHbI — IIPYU UX JIEUEeHUN CTOUT OTAATh NPeAIIOouTeHMe U30IMPOBAHHOI NepualeTa-
6y/ISIPHO OCTEOTOMUM MJIM B KOMOMHALIMM C apTPOCKOIMEIA.

KmoueBbie ciioBa: bemopoalieTaGyIsipHbIii MMIVMHIKMEHT, apTPOCKOIINS, AMUCIIIA3Ks BEPTIY;KHOV BIIAAVHBI,
peTpoBepCHsl BEPTIY;KHO BIaAVIHBI.
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MaluueHToB C¢ ¢deMopoaleTabyasipHbIM MMIIMHAKMEHTOM B 3aBUCUMMOCTM OT Tumna gedopmaiuu Ta3zobeIpeHHOro
cycraBa. Tpasmamonozus u opmonedust Poccuu. 2023;29(4):24-34. https://doi.org/10.17816/2311-2905-15530.
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BACKGROUND

Femoroacetabular impingement (FAI) is often the
cause of pain syndrome and limited mobility in
the hip joint in young and middle-aged patients
[1, 2, 3]. FAI biomechanics comprises the repeated
pathological contact of the edge of the acetabulum
and articular labrum with the head and neck of
the femur, which leads to the injury of the hip
structures, pain syndrome, reduced range of motion,
and, eventually, to the deterioration of patients'
quality of life. Morphological classification of FAI
includes three main types: cam-type, in which the
sphericity of the femoral head is compromised and
the offset of the femoral head and neck is reduced
[4]; pincer-type - excessive coverage of the femoral
head in a certain area, including local pincer
deformation or total pincer deformation (coxa
profunda) around the entire circumference; mixed
type — a combination of both types of deformity [5].

Hip arthroscopy is a modern method of
treating patients with FAI [6]. The outcome of
surgical treatment of FAI depends on a number
of factors [7], including the type of deformity.
According to the literature, there is a decrease
in treatment efficacy from cam-type to mixed-
type and pincer-type [8]. However, the results
of arthroscopic treatment of patients with cam-
type FAI combined with borderline acetabular
dysplasia are contradictory. Some authors note
the high efficiency of this technique [9, 10],
while others report a low degree of satisfaction
and worse functional results of arthroscopic
correction of FAI in these patients [11, 12].

Aims of the study: 1) to evaluate the influence
of the type of hip deformity in patients with
femoroacetabular impingement on the treatment
outcome; 2) to identify the type of hip deformity
that is optimal for arthroscopic correction; 3) to
determine the influence of acetabular anatomy in
borderline dysplasia on the treatment outcome.

METHODS
Study design

Type of the study: retrospective uncontrolled
single-centered.

The study included patients with FAI
confirmed by clinical and X-ray examinations
who underwent hip arthroscopy between
September 2014 and March 2022.

Exclusion criteria: patients with grade 2-3
osteoarthritis according to the classification of

N.S. Kosinskaya, with osteonecrosis of the femoral
head, Legg-Calvé-Perthes disease, primary
chondromatosis, and aged over 50 years.

During physical examination of patients,
provocation tests confirming the clinical
manifestation of FAI were used: flexion, adduction,
internal rotation (FADIR), flexion, abduction,
external rotation (FABER), Thomas test. All
patients had at least two positive tests out of three.
The study took into account the age, body mass
index (BMI), duration of symptoms before surgical
treatment and follow-up period after surgery.

Plain pelvic X-ray in the standing position and
pelvic X-ray in a modified Dunn 45° view with
40° external rotation of the femur were used as a
radiological method of examination. In the plain
pelvic X-ray, we measured the lateral center-
edge angle in the Ogata modification (LCEA-O),
the Tonnis angle, the angle o of the outer part
of the femoral head, the height of the articular
gap in the lateral (LS) and medial (MS) sides of
the sclerosed part of the acetabulum. In patients
with borderline dysplasia (LCEA-0<25°), the
acetabular version was additionally evaluated.
Using the modified Dunn 45° view, the angle a of
the antero-superior aspect of the femoral head
was measured. If the angle o did not exceed 42°,
the femoral head/neck offset was additionally
calculated. A decrease in offset of less than 0.17
confirmed the presence of a cam-deformity.
Calculations and assessment of radiological
parameters were carried out according to our
method described earlier [13].

The study enrolled 121 patients: 49 (40.5%)
women and 72 (59.5%) men. A total of 135
surgeries on hip joints were performed: 7 women
and 7 men had both joints operated on.

Patients were divided into 4 groups according
to the type of deformity. Group 1 included
33 (24.4%) joints with cam-type FAI, group 2
included 72 (53.4%) joints with mixed-type,
group 3 included 17 (12.6%) joints with dysplasia
(LCEA-0<25°) and cam-type head deformity,
and group 4 included 13 (9.6%) joints with a
combination of dysplasia, cam-type deformity,
and acetabular retroversion.

Surgical technique

Arthroscopic  correction of intra-articular
deformities and injuries was performed by a single
surgeon via standard approaches. Arthroscopic
correction of cam-deformities was performed
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without distraction of the joint. After distraction of
the joint, if acetabular labrum damage was detected,
the acetabular rim was refixed using anchor fixators
after its modeling resection, the extent of which
depended on the pattern of deformity. Minimal
resection of the acetabular rim was performed in
patients with borderline dysplasia when suturing
the acetabular labrum. If the acetabular labrum and
cartilage were superficially damaged, smoothing of
the damaged areas with a shaver and arthroscopic
coagulator was performed. Unstable areas of the
acetabular rim cartilage were resected.
Localization, pattern, and extent of the
acetabular labrum and cartilage damage were
assessed during the surgery. The Outerbridge
classification [14] was used to evaluate cartilage
damage of the femoral head. Damage to the
cartilage of the acetabulum was evaluated
according to the classification of M. Beck et al. [15].

Postoperative management

All patients were ambulated the next day after
the surgery with restriction of the axial load on
the operated joint. It was recommended to use
crutches with the load on the operated limb of
15-20% of body weight in the first 3 weeks after
surgery, followed by a gradual increase and
bringing the load to full within 2 weeks.
Outcomes assessment

The minimum follow-up period after surgery was 1
year. All patients completed the International Hip
Outcome Tool-33 (iHOT-33) and Hip Outcome Score
(HOS) scales before the surgery and then, starting
from the first year after surgery, annually online in

the Google forms. Data from the latest survey were
used for analysis. Results range from 0 to 100, where
higher scores correspond to better outcomes.

Statistical analysis

Database was created in the form of Excel tables.
Statistical analysis was performed in Statistica 12
(StatSoft) X86 software for Windows.

The Shapiro-Wilk test was used to assess the
normality of distribution. Analysis of variance
(ANOVA) followed by post-hoc analysis was used
to compare normally distributed variables between
groups. The distribution of numerical variables of
the iHOT-33 and HOS questionnaire scales differed
from the normal distribution, so the Kruskal-Wallis
test was used to evaluate quantitative parameters
in four independent groups, followed by pairwise
analysis using the Mann-Whitney U test.
Considering the effect of multiple comparisons,
the critical level of statistical significance p for
these comparisons was assumed to be 0.0085 (1-
0.951/6 = 0.0085 - taking into account six pairwise
comparisons). The Wilcoxon's W-test was applied
to compare the results of the questionnaire scales
before and after treatment.

The level of statistical significance p in the
study was assumed to be 0.05.

RESULTS

There was no statistically significant difference
between the patient groups in terms of age, BMI,
duration of symptoms, angle a, joint gap size
before surgery and follow-up period after surgery
(p>0.05) (Table 1).

Table 1
Characteristics of patients of all groups (M; SD)
Parameter (cgrrr?}ltl;ple) (mgg;l%,zpe) (dscz};;ﬁlrs)ii + (dysplasiaG Jrrorlel:?riversion +
(33 joints) (72 joints) cam-type) cam-type)
(17 joints) (13 joints)
Age, years 32.3; 7.7 30.3; 7.4 39.9;7.9 28.7;4.9
BMI, kg/m? 23.3;4.4 23.7; 2.9 23.4;3.6 23.0; 2.3
Duration of symptoms, months 33.3; 29 31.4;29.6 33.9; 36.5 39.2; 39.9
Angle o AP*, deg. 58.2;19.1 60.7; 19.1 55.5;24.4 61.6;20.5
Angle o Dunn, deg. 62.4;12.1 63.1;11.2 62.0; 15.4 62.4;15.6
LS, mm 4.9; 0.7 4.8;0.8 4.9;1.0 4.7;0.7
MS, mm 4.1;0.9 4.3;0.7 4.3;0.8 4.8;0.8
Follow-up duration, months 52.3;22.1 44.7; 22.2 53.7;25.8 58.1;26.5

*AP — anterior-posterior setup.
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Comparison of o LCEA-O angle and Tonnis
angle showed a statistically significant
difference between patients in groups 1 and
2 compared to groups 3 and 4 (p<0.01). No
statistically significant difference was obtained
when comparing groups 1 and 2 (p=0.18 for
LCEA-O and p=1.0 for Tonnis angle), as well as
between groups 3 and 4 (p=1.0 for LCEA-O and
p=0.34 for Tonnis angle) (Table 2).

Table 3 shows the characteristics of the
acetabular labrum and cartilage injuries detected

The incidence of articular labrum (p = 0.81),
acetabular cartilage (p = 0.33), and femoral head
(p = 0.14) injuries was similar in all groups.
However, despite the lack of statistical difference,
cartilage injuries were more common in patients
with dysplasia than in the other groups.

Damage to the acetabular labrum and
acetabular cartilage was more often detected
in the anterosuperior regions (Figs. 1, 2). The
incidence of lesions’ distribution by the section
of acetabulum in all groups had comparable

during surgical treatment.

values.

Table 2
Values of LCEA-O and Tonnis angle in groups, deg. (M; SD)
Group 1 Group 2 Group 3 (dysplasia + Group 4
Parameter (cam-type) (mixed-type) cam-type) (dysplasia + retroversion + cam-type)
(33 joints) (72 joints) (17 joints) (13 joints)
LCEA-O 29.1; 3.5 30.7; 3.9 2.0; 1.9 21.8; 2.1
Tonnis angle 3.9;2.7 4.0;2.5 8.6;4.1 10.6; 2.7

Table 3
Quantity of lesions, discovered intraoperatively, and procedures to acetabular labrum, n (%)
Group 3 Group 4
Group 1 Group 2 (dysplasia + (dysplasia + retroversion +
Parameter (cam-type) (mixed-type) cam-type) cam-type)
(33 joints) (72 joints) (17 joints) (13 joints)
Acetabular labrum lesion 29 (87.9) 67 (93.1) 15 (88.2) 12 (92.3)
Fixation of damaged parts of
acetabular labrur 20 (60.6) 62 (86.1) 14 (82.3) 12 (92.3)
Resection of damaged parts of
acetabular labrum 0 1(1.4) 0 0
Resection of superficial lesions of
acetabular labrum 9@27.3) 4(5.6) 15.9) 0
Acetabular cartilage lesion 21 (63.6) 41 (56.9) 13 (76.5) 6 (46.2)
Superficial lesion (Beck grade 1) 4(12.1) 11 (15.3) 3(17.6) 0
Deep cartilage lesion
(Beck grade 3 and 3) 14 (42.4) 25 (34.7) 9 (53) 4(30.8)
Flap lesion and cartilage
desquamation (Beck grade 4 and 5) 50-D 5(69) 15.9) 23154
Femoral head cartilage lesion 5(15.2) 4(5.6) 3(17.6) 3(23.1)
Superficial lesion 4(12.2) 4(5.6) 3(17.6) 2 (15.4)
(Outerbridge grade 1 and 2) : : : :
Deep lesion
(Outerbridge grade 3 and 4) 1) 0 0 LD
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Neuropathy of the external cutaneous nerve was
found in 18.5% (23 patients, 25 joints) of cases and
of the pudendal nerve in 6.7% (9 patients) of cases.
All these complications resolved spontaneously.
There was no statistically significant difference
in the incidence of complications between the
groups (p>0.05). No infectious complications were
observed in the operated patients.

The data of iHOT-33 and HOS questionnaires
before surgery were not statistically different
between groups (p>0.05). In the postoperative
period, statistically significant improvement
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was achieved in all groups based on the scales
used (p<0.05), except for the "Sport" section of
the HOS questionnaire in group 3, where no
statistically significant difference was found
(p=0.55) (Table 4).
However,comparingtreatmentresultsbetween
groups according to the scales used, considering
the correction for multiple comparisons of the
four groups, the best result was obtained in group
1, which was statistically significantly different
from group 3 according to both questionnaires
(Table 5). Treatment results of group 2 patients
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did not differ statistically significantly from
group 1 according to the HOS questionnaire, but
differed according to the iHOT-33. Treatment
results of group 4 were comparable with group 1
according to the iHOT-33 scale and with group 2
according to the HOS scale.

In group 3 patients, the HOS-Sport subscale
showed a substantial clinical benefit (SCB) [16]
in only 30%, while in the other groups it was at
least in 58%. Other scales showed insignificant

superiority of treatment results in groups 1 and
4 over groups 2 and 3 (Table 6).

All the patient groups showed a significant
improvement in sports activity in the first years
after surgery, but after 2 years, there was a
tendency for its decrease in the patients of groups
2 and 3. The dynamics of changes in the results of
treatment of patients with FAI based on the data
of the HOS-Sport subscale in the average time
from 1 to 7 years is presented in Figure 3.

Table 4
Pre- and postoperative iHOT-33 u HOS scores in groups
(Me [Q25; Q75])
. Group 4
Group 1 Group 2 Group 3 (dysplasia + (dysplasia + retroversion +
Parameter (cam-type) (mixed-type) cam-type) cam-type)
(33 joints) (72 joints) (17 joints) (13 joinypts)

iHOT-33 preop.

p-value

iHOT-33 postop.

HOS-ADL preop.

p-value

HOS-ADL postop.

HOS-Sport preop.

p-value

HOS-Sport postop.

52.1[36.7; 63.5]
p<0.01
91.8 [85.8; 98.5]

79.4 [67.6; 88.2]
p<0.01
98.5[94.1; 100]

66.7 [50; 75]
p<0.01
94.4 [83.3; 100]

55.8 [43.6; 70.6]
p<0.01
87[72.5;94.2]

79.4[66.9; 86.8]
p<0.01
94.1 [89; 98.5]

55.6 [36.1; 72.2]
p<0.01
80.6 [72.5;94.2]

46 [41.5; 51.2]
p<0.01
75.5 [68.2; 86.9]

73.5[69.1; 82.4]
p<0.01
89.7 [82.4; 95.6]

58.3 [44.4; 66.7]
p=0.55
61.1[38.9; 86.1]

54.4[48.2; 59.1]
p<0.01
95.2 [86.3; 96]

75 [66.2; 82.4]
p<0.01
95.6 [86.8; 97.1]

52.8 [22.2; 66.7]
p<0.01
86.1[75; 88.9]

iHOT-33 — international Hip Outcome Tool-33; HOS-ADL — Hip Outcome Score-Activities of Daily Living;
HOS-Sport — Hip Outcome Score-Sports-Specific Subscale.

Table 5
Comparison of results between groups (Me [Q25; Q75])
o . Group 4 p*-value
Group 1 Group 2 d ;‘Oll; r;ia + (dysplasia +
Parameter (cam-type) (mixed-type) an?_ o) retroversion + group 1 group 1 group 2
(33 joints) (72 joints) 17 'o?;ﬁs) cam-type) Vs VS Vs
J (13 joints) group 3 group 4 group 4
iHOT-33 52.1 55.8 46 54.4
[36.7; 63.5] [43.6; 70.6] [41.5;51.2] [48.2; 59.1] =00004 | p=0.9029 | p=0.0737
p*-value p =0.0073 p=0.0413 p = 0.0044
HOS-ADL 79.4 79.4 73.5 75
[67.6; 88.2] [66.9; 86.8] [69.1; 82.4] [66.2;824] | | (0057 | p=0057 | p=0927
p*-value p =0.0302 p=0.0702 p=0.3358
HOS-Sport | 66.7 55.6 58.3 52.8
[50; 75] [36.1; 72.2] [44.4; 66.7] 222;667) | _0001 | p=00947 | p=0.8118
p*-value p = 0.0247 p=0.0115 p =0.0364

* Level of statistical significance p-value <0.0085.
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Table 6

Frequency of minimal clinically important difference (MCID) and SCB achievement

in groups, %

Scale

Group 1

Group 2

Group 3

Group 4

NCI

MCID

SCB

NCI

MCID

SCB

NCI

MCID

SCB

NCI

MCID

SCB

HOS-ADL
HOS -Sport

iHOT-33

7.69

27.27

0.00

3.85
9.09

10.34

88.46

63.64

89.66

16.95

19.61

16.67

5.08
21.57

23.33

77.97

58.82

60.00

31.25
53.85

25.00

0.00

15.38

12.50

68.75

30.77

9.09

18.18

0.00

18.18

90.91

63.64

62.50 | 0.00 16.67 | 83.33
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Fig. 3. Changes in treatment results of patients
with FAI according to the HOS-Sport subscale

DISCUSSION

Atthe present moment of arthroscopic hip surgery
development, the scientific community does not
only actively search for the expansion of the
possibilities of this method, but also thoroughly
analyzes unsatisfactory results of treatment.
Most authors mention as predictors of failure
such factors as osteoarthritis preceding surgical
treatment, decreased joint gap size in general
or in the external region, discongruence of the
articular surfaces, true acetabular dysplasia, and
a significant increase in the angle a [17, 18, 19].
C. Kyin et al. pointed out an increase in age as
one of the important predictors of FAI surgical
treatment failure. Their statement was based on
the analysis of 13 articles evaluating the results
of arthroscopic treatment of 1571 joints [20].
Considering this fact, we excluded patients older
than 50 years from our study.

The type of hip deformity also affects the
treatment outcome. It is known that arthroscopic
correction of cam-type FAI shows the best
results, while mixed-type FAI is slightly behind
in the treatment results. H.G. Said et al. analyzed
the dependence of the results of arthroscopic
treatment of FAI on its type based on the
treatment of 90 hip joints and concluded that
cam-type is more favorable compared to mixed-
type [21]. We obtained similar results comparing
the treatment efficacy of groups 1 and 2, which
showed statistically significant improvement in
group 1 according to the iHOT-33 questionnaire
and marked, but not statistically significant,
differences according to both HOS subscales
compared to group 2.

Patients with a combination of FAI and
borderline hip dysplasia are of particular interest,
and the use of arthroscopy alone in these
patients yields inconsistent results according
to the literature [22]. Acetabular dysplasia has
its own specific mechanism of biomechanics
disturbance, which consists in the appearance
of microinstability and decrease in the contact
surface area, which increases the concentration
of mechanical load on the anterosuperior part
of the acetabulum [23]. These changes in load
distribution lead to differences in the pattern
of intra-articular injuries in patients with and
without dysplasia. There was no statistically
significant difference between all groups in
the incidence of articular labrum, acetabular
cartilage, and femoral head injuries, but
acetabular cartilage injuries were more common
in group 3. Similar data were obtained by I.K.
Bolia et al. in 2018. Based on the analysis of
arthroscopic treatment of 2429 patients, of which
305 were with borderline dysplasia, they found
that with approximately the same frequency of
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detection of deep acetabular cartilage lesions,
the size of these lesions was larger in patients
with borderline dysplasia than in patients with
normal femoral head coverage [24].

The difference in results between patients in
groups 3 and 4, with borderline dysplasia present
in both groups, is particularly noteworthy. A
statistically significant difference (p = 0.0044)
between the groups was obtained according
to the iHOT-33 questionnaire. Differences
according to the HOS-Sport subscale (p = 0.0364)
were statistically insignificant, but considering
the data of the post-hoc analysis, it is possible to
conclude that there were significant differences
between the groups. No significant difference
between the groups (p = 0.335) on the HOS-ADL
subscale against the background of statistically
significant improvement in the postoperative
period in group 3 seems to indicate a satisfactory
clinical outcome for everyday life. Overall, the
treatment outcome of patients in group 4 was
comparable to that of groups 1 and 2.

Presumably, the outcome of group 4 patients
was favorably affected by better femoral head
coverage of the anterior wall of the acetabulum
due to retroversion. S. Chen et al. studied the
correlation between the distribution of the
contact mechanical load on the acetabulum and
the anterior central edge angle (ACEA), which
reflects the development of the anterior column.
Authors have found, based on computer modeling
of the acetabular structure of 9 patients with true
and borderline dysplasia, that for the same value
of the Wiberg angle (LCEA), with decreasing
ACEA, there is a significant concentration of
mechanical load in the anterosuperior region of
the acetabulum [25]. Another group of authors
led by ]J.C. Christensen, based on the analysis
of 173 patient outcomes, found that older
patients with borderline dysplasia and anterior
wall deficiency have significantly worse iHOT-
12 arthroscopic outcomes compared to other
patient groups [11]. Due to the limitation of our
study, we could not evaluate the significance
of the femoral neck anteversion, but its value
above 25° also shifts the mechanical load to the
anterior acetabulum. E.O. Chaharbakhshi et al.
analyzed the results of arthroscopic treatment of
12 hips with borderline dysplasia and excessive
femoral neck anteversion. Authors concluded
that these patients showed significantly worse

scores on the mHHS, NAHS, and HOS-SSS scales
and lower satisfaction with surgery compared to
the control group, which included study subjects
with normal head coverage and anteversion [26].

Despite the good two-year treatment outcome
of patients with borderline dysplasia and weak
anterior acetabular wall, we believe that in
order to achieve a more stable result, we should
consider periacetabular osteotomy rather than
arthroscopy as a method of surgical treatment for
these patients. Another option is simultaneous
performance of periacetabular osteotomy and
hip arthroscopy, which can be quite effective
according to M.S. Lee et al. [27].

Limitations

Measurements and comparison of values of
femoral neck anteversion and anterior center-
edge angle (ACEA) were not performed due to
the absence of X-ray in false profile and pelvis
and knee computed tomography in preoperative
examination protocol prior to conducting
current study. Patients with pincer-type FAI
were excluded from the study due to their small
numbers.

CONCLUSIONS

The result of arthroscopic correction of FAI
depends on many factors, including the type
of deformity. The best results are achieved
when correcting cam- and mixed-type FAI. The
effectiveness of arthroscopy in patients with
cam deformity and borderline dysplasia depends
on the structure of the anterior acetabular wall.
The worst outcome is observed in patients with
borderline dysplasia without retroversion of
the acetabulum. When treating this group of
patients, isolated periacetabular osteotomy
or in combination with arthroscopy may be
preferable.

DISCLAIMERS
Author contribution

Bogopolskiy O.E. — data collection and processing,
data analysis and interpretation, statistical
analysis of results, writing the article.

Filonov P.V. — data collection and processing, data
analysis and interpretation, drafting the article.

Tikhilov R.M. — study concept and design, drafting
the article.

32 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

All authors have read and approved the final 9. Cvetanovich G.L., Levy D.M., Weber ALE,
version of the manuscript of the article. All Kuhns B.D., Mather R.C. 3rd, Salata M.]. et al. Do Patients
th tob bilitv for all t With Borderline Dysplasia Have Inferior Outcomes
authors agree Lo bear responsibili y.ora .aSpeC S After Hip Arthroscopic Surgery for Femoroacetabular
of the study to ensure proper consideration and Impingement Compared With Patients With Normal
resolution of all possible issues related to the Acetabular Coverage? Am | Sports Med. 2017;45(9):

correctness and reliability of any part of the work. 2116-2124. doi: 10.1177/0363546517702855.

. . 10. Evans P.T., Redmond J.M., Hammarstedt J.E., Liu Y.,
Funding source. This study was not supported by Chaharbakhshi E.O., Domb B.G. Arthroscopic
any external sources of funding. Treatment of Hip Pain in Adolescent Patients With

. . . Borderline Dysplasia of the Hip: Minimum 2-Year

Disclosure competing mterests: The authors Follow-Up. Arthroscopy. 2017:33(8):1530- 1536,

declare that they have no competing interests. doi: 10.1016/j.arthro.2017.03.008.

Ethics approval. Not applicab]e_ 11. Christensen  J.C., Marland J.D., Miller C.J.,

. . . Horton B.S., Whiting D.R., West H.S. Trajectory of

Co_nsent for publication. _The authors obtained clinical outcomes following hip arthroscopy in female

written consent from patients to participate in subgroup populations. J Hip Preserv Surg. 2019;6(1):

the study. 25-32. doi: 10.1093/jhps/hnz011.

12. Yoon S.]., Lee S.H., Jang S.W., Jo S. Hip Arthroscopy of
a Painful Hip with Borderline Dysplasia. Hip Pelvis.

REFERENCES 2019;31(2):102-109. doi: 10.5371/hp.2019.31.2.102.

1. Leunig M., Casillas M.M., Hamlet M., Hersche O.,No6tzliH.,  13. Bogopolskiy = O.E. Instrumental Diagnosis and
Slongo T. et al. Slipped capital femoral epiphysis: early Preoperative Planning of Hip Arthroscopy in
mechanical damage to the acetabular cartilage by a Femoroacetabular Impingement Syndrome: Lecture.
prominent femoral metaphysis. Acta Orthop Scand. Traumatology and Orthopedics of Russia. 2021;27(4):
2000;71(4):370-375. doi: 10.1080/000164700317393367. 155-168. (In Russian). doi: 10.21823/2311-2905-1636.

2. Myers S.R., Eijer H., Ganz R. Anterior femoroacetabular ~ 14. Outerbridge R.E. The etiology of chondromalacia
impingement after periacetabular osteotomy. Clin patellae. J Bone Joint Surg Br. 1961;43-B:752-757.
Orthop Relat Res. 1999;(363):93-99. doi: 10.1302/0301-620X.43B4.752.

3. Ganz R., Parvizi J.,, Beck M., Leunig M., 15.Beck M., Kalhor M., Leunig M., Ganz R. Hip
Notzli H., Siebenrock K.A. Femoroacetabular morphology influences the pattern of damage
impingement: a cause for osteoarthritis of the to the acetabular cartilage: femoroacetabular
hip. Clin Orthop Relat Res. 2003;(417):112-120. impingement as a cause of early osteoarthritis of
doi: 10.1097/01.bl0.0000096804.78689.c2. the hip. J Bone Joint Surg Br. 2005;87(7):1012-1018.

4. Hanzlik S., Riff A.J., Wuerz T.H., Abdulian M., doi: 10.1302/0301-620X.87B7.15203.

Gurin D., Nho S.J. et al. The Prevalence of Cam 16.Nwachukwu B.U., Chang B., Fields K., Rebolledo B.].,
Morphology: A Cross-Sectional Evaluation of 3,558 Nawabi D.H., Kelly B.T. et al. Defining the «Substantial
Cadaveric Femora. Front Surg. 2021;7:588535. Clinical Benefit» After Arthroscopic Treatment of
doi: 10.3389/fsurg.2020.588535. Femoroacetabular Impingement. Am ] Sports Med.

5. Griffin D.R., Dickenson E.J., O’Donnell J., Agricola R., 2017;45(6):1297-1303. doi: 10.1177/0363546516687541.
Awan T., Beck M. et al. The Warwick Agreement 17. Philippon M.J., Briggs KXK., Carlisle ].C,
on  femoroacetabular  impingement  syndrome Patterson D.C. Joint space predicts THA after
(FAI  syndrome): an international consensus hip arthroscopy in patients 50 vyears and older.
statement. Br ] Sports Med. 2016;50(19):1169-1176. Clin Orthop Relat Res. 2013;471(8):2492-2496.
doi: 10.1136/bjsports-2016-096743. doi: 10.1007/s11999-012-2779-4.

6. Gatz M., Driessen A., Eschweiler J., Tingart M., 18.Rosinsky P.J., Chen J.W., Glein R.M., Jimenez A.E.,
Migliorini F. Arthroscopic surgery versus physiotherapy Brayboy C., Domb B.G. Lateral to Medial Joint Space
for femoroacetabular impingement: a meta-analysis Ratio is Predictive of Survivorship After Primary
study. Eur J Orthop Surg Traumatol. 2020;30(7):1151- Hip Arthroscopy. Arthroscopy. 2023;39(2):300-307.
1162. doi: 10.1007/s00590-020-02675-6. doi: 10.1016/j.arthro.2022.06.025.

7. Domb B.G., Chen S.L., Go C.C., Shapira J., Rosinsky P.J.,  19. Thomas G.E., Palmer A.]., Batra R.N., Kiran A., Hart D.,
Meghpara M.B. et al. Predictors of Clinical Outcomes Spector T. et al. Subclinical deformities of the hip are
After Hip Arthroscopy: 5-Year Follow-up Analysis of significant predictors of radiographic osteoarthritis
1038 Patients. Am ] Sports Med. 2021;49(1):112-120. and joint replacement in women. A 20 year longitudinal
doi: 10.1177/0363546520968896. cohort study. Osteoarthritis Cartilage. 2014;22(10):1504-

8. Flecher X., Wettstein M., May O. Limitations of 1510. doi: 10.1016/j.joca.2014.06.038.
arthroscopy for managing coxa profunda. Orthop  20.Kyin C., Maldonado D.R., Go C.C., Shapira J., Lall A.C.,
Traumatol  Surg  Res. 2019;105(8S):S267-S274. Domb B.G. Mid- to Long-Term Outcomes of Hip
doi: 10.1016/j.0tsr.2019.09.016. Arthroscopy: A Systematic Review. Arthroscopy.

2021;37(3):1011-1025.d0i:10.1016/j.arthro.2020.10.001.

33 2023;29(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

21.

22.

23.

24.

Said H.G., Masoud M.A., Morsi M.M.A., El-Assal M.A.
Outcomes of hip arthroscopy for femoroacetabular
impingement: The effect of morphological type
and chondrolabral damage. SICOT J. 2019;5:16.
doi: 10.1051/sicotj/2019012.

Murata Y., Fukase N., Dornan G., Martin M.,
Soares R., Pierpoint L. et al. Arthroscopic Treatment
of Femoroacetabular Impingement in Patients With
and Without Borderline Developmental Dysplasia
of the Hip: A Systematic Review and Meta-analysis.
Orthop ] Sports Med. 2021;9(8):23259671211015973.
doi: 10.1177/23259671211015973.

Harris J.D., Lewis B.D., Park K.J. Hip Dysplasia.

Clin Sports Med. 2021;40(2):271-288.
doi: 10.1016/j.csm.2020.11.004.
Bolia I.K., Briggs KK, Locks R., Chahla ],

Utsunomiya H., Philippon M.]. Prevalence of High-Grade
Cartilage Defects in Patients With Borderline Dysplasia
With Femoroacetabular Impingement: A Comparative
Cohort Study. Arthroscopy. 2018;34(8):2347-2352.
doi: 10.1016/j.arthro.2018.03.012.

25.

26.

27.

Chen S., Zhang L., Mei Y., Zhang H., Hu Y., Chen D.
Role of the Anterior Center-Edge Angle on Acetabular
Stress Distribution in Borderline Development
Dysplastic of Hip Determined by Finite Element
Analysis. Front Bioeng Biotechnol. 2022;10:823557.
doi: 10.3389/fbioe.2022.823557.

Chaharbakhshi E.O., Hartigan D.E., Perets 1., Domb B.G.
Is Hip Arthroscopy Effective in Patients With Combined
Excessive Femoral Anteversion and Borderline
Dysplasia? A Match-Controlled Study. Am J Sports Med.
2019;47(1):123-130. doi: 10.1177/0363546518812859.
Lee M.S., Fong S., Owens J].S., Mahatme R.].,
Kim D.N., Gillinov S.M. et al. Outcomes After
Concomitant Hip Arthroscopy and Periacetabular
Osteotomy: A Systematic Review. Orthop ] Sports
Med. 2023  Apr  25;11(4):23259671231160559.
doi: 10.1177/23259671231160559.

Authors’ information

DX Oleg E. Bogopolskiy
Address: 8, Akademika Baykova st., St. Petersburg, 195427, Russia
https://orcid.org/0000-0002-4883-0543
e-mail: 9202211 @gmail.com

Pavel V. Filonov
https://orcid.org/0000-0001-7758-0128
e-mail: drpavelfilonov@gmail.com

Rashid M. Tikhilov — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0003-0733-2414
e-mail: rtikhilov@gmail.com

34

2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Original Article @)y |

https://doi.org/10.17816/2311-2905-15533

Effect of Radical Hip Reconstruction in Children With Hip Subluxation
on Sagittal Balance and Type of Vertical Posture:
Mid-Term Results

Pavel I. Bortulev!, Sergei V. Vissarionov 2, Dmitriy B. Barsukov !, Ivan Yu. Pozdnikin !,
Makhmud S. Poznovich !, Tamila V. Baskaeva'

! H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery, St. Petersburg,
Russia

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

Abstract

Background. Hip instability in the form of hip subluxation, regardless of its etiology, leads not only to the
formation of excessive pelvic anteversion and lumbar hyperlordosis, but also to the early development of
hip osteoarthritis. The lack of information in the world literature on possible changes in sagittal balance
parameters in this category of patients after triple pelvic osteotomy requires such studies.

Aim of the study is to evaluate the spino-pelvic sagittal balance and the type of vertical posture in children
with hip subluxation of different genesis after radical reconstructive intervention in the mid-term follow-up
period.

Methods. The study is based on the analysis of clinical and X-ray results of 50 patients (50 hip joints) aged
10 to 17 years with hip subluxation operated on between 2018 and 2019. The patients were divided into two
groups: group I consisted of 30 patients (30 hip joints) with Crowe type I dysplasia; group II consisted of 20
patients (20 hip joints) with Legg-Calvé-Perthes disease. All children underwent triple pelvic osteotomy.
Results. Different approaches to triple pelvic osteotomy in patients with hip instability of various genesis
allowed to significantly affect the spino-pelvic sagittal balance and the type of vertical posture. In all patients
there was a decrease in the sacral slope value, spino-sacral angle, the magnitude of lumbar lordosis, as well
as a change in the sagittal vertical axis value from strongly negative to neutral.

Conclusions. Analysis of mid-term results of surgical treatment of children with hip instability in the form
of hip subluxation and Legg-Calvé-Perthes disease using 3D modeling and prototyping of individual guides
showed that the triple pelvic osteotomy leads to the reduction of both excessive pelvic anteversion and
lumbar hyperlordosis, resulting in the transformation of physiologically disadvantageous hyperlordotic type
of vertical posture into harmonious one.

Keywords: children, hip dysplasia, Legg-Calvé-Perthes disease, hip subluxation, spino-pelvis balance, triple
pelvic osteotomy, 3D modeling.
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BnusHue paaukanbHO peKOHCTPYKLUMU Ta306eaApeHHOro cycTaBa
y AeTeii C NoABbIBUXOM HGeppa Ha NoKasaTeNu caruTTanbHOro 6anaHca
U TUN BEPTUKAZIbHOM OCAHKMU: CpeAHECPOYHbIe pe3ybTaTbl
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Pedepar

AxkmyansHocms. HecTabuabHOCTh Ta306€APEHHBIX CYCTABOB B BUE MOABBIBUXA OeApa BHE 3aBUCUMOCTU OT
€ro 3TUOJIOTUY TIPUBOAUT He TOIbKO K (POpMMUPOBAHUIO Upe3MepHOIt aHTeBepCUM Ta3a U TMIepaopao3y Mosic-
HUYHOTO OTHesla I03BOHOYHMKA, HO U K paHHEMY Pa3BUTUIO KOKcapTpo3a. OTCyTCTBME B MUPOBOJL TuTepaType
CBeieHNT 0 BO3MOKHBIX M3MEHEHUSX TTapaMeTPOB CaruTTAIIbHOTO 6ajlaHca y JAHHOM KaTeropuu MmamnyeHToB
TIOC/Ie BBITIOTHEHUSI TPOITHOI OCTEOTOMMM Ta3a TUKTYeT HeOOXOAMMOCTD IIPOBEAEHMS TAKUX UCC/IeOBAHNIA.
Llenws uccnedoearus — OLEHUTH COCTOSIHME CATUTTANbHBIX I03BOHOUHO-Ta30BbIX COOTHOIIEHWI U TUII BEPTU-
KaJIbHOM OCaHKM Y JieTeil C TOJBbIBMXOM 6eipa Pa3aMyHOro reHe3a 1mocjie BHITOMHEeHUS PAAVKAIbHOTO PEKOH-
CTPYKTMBHOTO BMENIATENLCTBA B CPEIHECPOUHOM TIEPUOE HAOTIOMEeHMS.

Mamepuan u memodsl. ViccnemoBaHMsST OCHOBAaHO Ha aHajlM3e pPe3ylbTAaTOB KIMHUKO-PEHTIeHO-
ngoryudeckoro obcimemoBanust 50 marumeHToB (50 TaszobempeHHBIX CycTaBOB) B Bo3pacte ot 10 mo 17
JIeT C TOABBIBMXOM Oempa, MpoonepupoBaHHbIX B Mepuop c¢ 2018 mo 2019 r. IMamueHTHl OBLIM pas-
IeleHbl Ha nBe rpymmbl: rpyrnmy I cocraBwiu 30 maumeHToB (30 TasobempeHHBIX CYCTAaBOB) C OUC-
miasueit 1 cremenu mo Crowe; rpymmy II — 20 mamuenToB (20 Ta306elIpeHHBIX CYCTABOB) C 60JI€3HBIO
Jlerra—KanbBe —Ilepreca. Bcem feTsiM BbINIOJIHEHA TPOJHASI OCTEOTOMMS Ta3a.

Pesynsmamet. Pa3nuuHble MOAXOABI K BBITIOTHEHUIO TPOITHOIN OCTEOTOMMM Ta3a y MAIMEHTOB C HECTAOUIIb-
HOCTBIO Ta300eJpeHHOTO CYyCTaBa Pa3jJIMYHOTO TeHe3a MO3BOMWIM 3HAUUTETHHO MOBIVSITH HA COCTOSTHUE Ca-
TUTTAIbHBIX TI03BOHOYO-TA30BbIX COOTHOLIEHU U TUII BEPTUKAIBbHONM OCaHKM. Y BCeX MalMeHTOB POMU30LIIO
yYMeHblIIeH)e yITla HAKJIOHA KPecT1a, I03BOHOYHO-KPeCTL0BOr0 YIVIa, BeJIMUYMHBI ITOSICHUYHOTIO JIOP03a, & TaK-
Ke M3MeHeHJe 3HaueHMs CaruTTalIbHOM BePTUKAIbHOM OCU U3 Pe3KO HeTaTMBHOTO K HETPAJIbHOMY.
3axknoueHue. AHAU3 CPeHECPOUYHBIX PE3YIBTATOB XUPYPIrUUECKOTO JIeUeHUST feTell ¢ HeCTabUITbHOCTHIO Ta-
300eIpeHHOTO CyCTaBa B BU/ie OABbIBMXA Oenpa 1 6onesHbio Jlerra— Kanbse - [lepTeca ¢ MpMMeHeHMEM TEXHO-
soruu 3D-MOIenMpoOBaHus M TPOTOTUIIMPOBAHUS MHAVBUIYATbHBIX IIAGTOHOB-HAIPaBUTENEl TI0Ka3aJ1, UYTO
BBITIOJTHEHME TPOIHOM OCTEOTOMUY Ta3a MPUBOAUT K YMEHBIIEHUIO KaK U30BITOYHOI aHTeBepCUM Ta3a, Tak U
TUIIep/IOP03a MOSICHUYHOTO OTAe/a I03BOHOUHMKA, B pe3y/bTaTe yero npomucxoauT TpaHchopmanus dusmo-
JIOTMYECKY HEBBITOLHOIO TMITEPIOPAOTUYECKOTO TUIIA BEPTUKAIBbHONM OCAHKY B TADMOHWYHBIN.

KiroueBble c1oBa: JeTH, AMCIUIA3Us Ta300eIpeHHOro cycTaBa, 6oe3Hb Jlerra—Kanbse —Iepreca, MOABBIBUX
6efpa, TO3BOHOYHO-Ta30BbIe COOTHOIIEHMSI, TPOITHASI OCTEOTOMMUS Ta3a, 3D-MomenupoBaHue.
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BACKGROUND

The concept of forming a certain type of vertical
posture in humans is based on the magnitude
of the lumbar lordosis, which, in turn, directly
depends on the value of the only individual
morphological pelvic index, pelvic incidence (PI)
[1, 2, 3, 4]. It has been determined that there is
an excessive pelvic anteversion at high PI values,
which is expressed in an increase in sacral slope
(SS) and a decrease in pelvic tilt (PT) values [5].
As a result of such radiographic anatomical
condition, a hyperlordotic type of vertical posture
is formed. On the contrary, when PI values are low,
pelvic retroversion is observed, characterized by
SS decrease and PT increase with the formation of
the hypolordotic type of vertical posture. Thus, it
can be stated that the formation of human vertical
posture is primarily influenced by the spatial
position of the pelvis in the sagittal plane.

Recent studies on the state of sagittal balance
inchildrenand adultswith various hip pathologies
have proven the formation of the types of lumbar
lordosis and vertical posture in general that are
unfavorable for such patients in terms of the
development and course of degenerative changes
in the lumbosacral spine. In particular, it has
been found that children with hip instability due
to hip subluxation, which most often has either a
dysplastic genesis or is formed as a result of Legg-
Calvé-Perthes disease (LCPD), are characterized
by the hyperlordotic type of vertical posture
[6, 7]. It should be noted that children with
dysplastic hip subluxation have a characteristic
increase in PI values compared to the values in
the asymptomatic population, while children
with LCPD have a slight decrease in PI values.
Despite these differences, we can conclude that
hip subluxation, regardless of the etiology and PI
values, leads to an excessive anterior rotation of
the pelvis and, as a consequence, hyperlordosis
of the lumbar spine. The obtained data once
again prove that any pathologic changes in the
hip have a direct impact on the anatomy of the
pelvis, which together form the severity of the
lumbosacral lordosis. Today, it has been proven
by numerous authors that the only way to restore
the lost stability in the hip due to its subluxation
in senior children with hip dysplasia and LCPD
is radical reconstructive surgery, and the optimal
technique is the triple pelvic osteotomy [8, 9, 10,
11, 12]. However, studies investigating possible

changes in the type of vertical posture and
sagittal balance parameters in children with hip
instability of various genesis are sporadic [13].

Aim of the study is to evaluate the spino-pelvic
sagittal balance and the type of vertical posture
in children with hip subluxation of different
genesis after radical reconstructive intervention
in the mid-term follow-up period.

METHODS

Design of the study

Type of the study: multicenter cohort
retrospective study.

Inclusion criteria:

- age between 10 and 17 years;

- no history of hip surgery, including soft
tissue and minimally invasive surgeries;

- instability of one hip joint in the form of hip
subluxation of dysplastic genesis and LCPD;

- absence of severe deformity of joint
components requiring intra-articular
manipulations and modeling resection;

- no need for surgical correction of the spatial
position of the proximal femur via its osteotomy;

- no spinal pathology of any etiology, neuro-
orthopedic, genetic and systemic diseases.

Exclusion criteria:

- age less than 10 and more than 18 years;

- bilateral pathologic process;

- pronounced asphericity of the femoral head
and/or sharply pathologic radiometric values of
the proximal femur;

- hip joint effusion of any genesis;

- flexion-adduction contracture in the hip
joint;

- congenital malformations of the spine,
including neutral or alternating, verified
neurological, systemic and genetic diseases.

The study enrolled 50 patients (50 hips) aged
10 to 17 years (13.0+2.3 years) with hip instabi-
lity in the form of hip subluxation, treated at
the Center's clinic between 2018 and 2019. All
patients underwent triple pelvic osteotomy
to eliminate the instability of the hip joint
and restore correct radiographic anatomical
relationships. Children were divided into two
groups: I — 30 patients (30 hips) with dysplastic
hip subluxation (Crowe grade I); II — 20 patients
(20 hips) with hip subluxation as a result of LCPD.
Treatment results were evaluated at 40.5+3.9
months after the surgery.
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The clinical study was conducted according
to the classic well-known procedure. In order to
obtain objective information on the presence of
impairmentsintheexecutionofeverydayfunctions
directly related to pain in the lumbosacral spine,
all patients completed the Oswestry disability
questionnaire [14] (excluding the section
"Sexual life" due to the age limit). Taking this
into account, the calculations were performed
according to the authors' recommendations,
which refer to cases of not completing any of
the sections. Radiological methods included hip
X-rays in the anteroposterior and axial views in
the supine position, teleradiography of the spine
in the sagittal view in the standing position with
maximum capture of the lower extremities, and
multislice spiral computed tomography (MSCT).

Radiometry of the following parameters was
performed: acetabular vertical inclination angle
(Sharp angle), Wiberg angle, neck-shaft angle
(NSA), antetorsion angle (AA), bone coverage
(BC), acetabular retroversion index (ARI),
thoracic kyphosis (TK), global lumbar lordosis
(GLL), pelvic incidence (PI), sacral slope (SS),
pelvic tilt angle (PT), sagittal vertical axis (SVA)
and spine-sacral angle (SSA). Three-dimensional
planning of the upcoming intervention was
performed for all patients at the preoperative
stage in order to accomplish accurate individual

intraoperative reorientation of the acetabulum
after osteotomy of the pubic, sciatic, and iliac
bones. Reduction of the acetabular fragment in
group I patients was performed in the anterior
external direction due to the underdevelopment
of the anterior superior acetabular rim, which is
typical for hip dysplasia. In addition, taking into
account literature data on the state of sagittal
spino-pelvic balance (SSPB) in children without
musculoskeletal diseases and patients with hip
subluxation of various genesis[15, 16, 17],as well
as the important role of PI in the formation of
lumbar lordosis and vertical posture in general,
group I patients underwent additional posterior
translation of the acetabular component to
reduce PI values by no more than 15 mm. In
group II patients, acetabular rotation was
exclusively external because there was a deficit
of lateral coverage of the femoral head (Fig. 1).
Immediately before surgery, patient-
specific templates were 3D-printed, which were
subsequently used during surgery. Their use
provided determination of the exact level of iliac
bone osteotomy allowing an individual reduction
maneuver to change the spatial position of the
acetabulum to the optimal individual value to
restore the stability of the hip (Fig. 2).
Radiometry of the obtained data was
performed in Surgimap v. 2.3.2.1 (USA) software.

Fig. 1 (a, b). Stage of triple pelvic osteotomy with 3D modeling of optimal individual acetabular correction:
a, b — external anterior rotation of the acetabular fragment in a patient with Crowe type I right hip dysplasia

(arrow indicates posterior translation)
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Fig. 1. (c, d). Stage of triple pelvic osteotomy with
3D modeling of optimal individual acetabular
correction:

¢, d — external rotation of the acetabular fragment
in a patient with hip subluxation in LCPD

Fig. 2. Intraoperative application of customized templates:
a — to determine the level and direction of the iliac body osteotomy;
b — to achieve an individual adequate correction of the acetabular position during reduction

Statistical analysis

Statistical analysis was performed using Excel
2010 and SPSS Statistic v.26, (SPSS Inc. Chicago,
Illinois, USA) software. Descriptive statistics were
used to calculate arithmetic mean (M), standard
deviations (SD), median (Me) with 25th and
75th percentiles (Q1-Q3). Correlation analysis
was performed using Pearson's chi-square
test (strength of correlation was considered as
0.01<p<0.29 — weak; 0.30<p<0.69 — moderate;
0.70<p<1.00 — strong). Regression analysis
(paired linear and quadratic regression model) was
performed to assess the degree of influence of one
attribute on another, as well as to determine the
variant of influence. Examination of the sample
share was carried out according to the values of
the coefficient of multiple determination (R?).

RESULTS

On admission to the department, all patients
had complaints typical for hip subluxation, i.e.
lameness and moderate pain in the affected hip.

This resulted in psychoemotional discomfort
and social disadaptation of children due to their
inability to live a normal life like their peers
(inability to participate in active games and
sports). The mean values of the Oswestry disability
index were 19.149.6% in group I and 17.4%¥6.9%
in group II, which indicates the presence of
pathologic changes in the lumbar spine that do
not require therapy, but require restrictions in
the activity and physical exercises. Shortening of
the lower limb was 1.4%0.5 cm in patients of both
study groups. Goniometry revealed changes in
the range of motion on the affected side typical
for each etiologic cause of hip subluxation, which
manifested in restricted hip abduction common
to all patients included in the study, as well as in
excessive rotational movements in group I patients
and limited internal rotation in group II patients..
Examination of physiologic spinal curvatures
revealed lumbar hyperlordosis in 22 (73.3%)
patients of group I and in 12 children (60%) of
group II. Changes in the radiographic anatomical
structure of the hip and parameters describing the
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sagittal balance in patients with Crowe grade I hip
subluxation and in LCPD have been described in
details in previous studies [6, 7].

All patients underwent triple pelvic osteotomy
to restore the stability of the hip joint, taking
into account the details of its performance
described above. All patients underwent complex
rehabilitation starting the first day after the
surgery. In the mid-term follow-up period only
2 (7%) patients of group I and 1 (5%) patient of
group II still had complaints of gait disorders,
which, first of all, was due to the poor execution
of rehabilitation procedures. Hip pain was
resolved in patients of both study groups. Average
physiologic values of the range of motion in
the operated joint were achieved in all patients
(Table 1).

Clinical study of the state of physiologic spinal
curvature in patients of both groups showed a
consistent decrease in the severity of the initial
hyperlordosis. The mean values of the Oswestry
disability index were 2.8%+3.1% and 2.4%*2.6% in
groups I and II, respectively, which may indicate
an improvement in the biomechanical state and
balance in the lumbosacral spine.

Table 1
Hip goniometry values at mid-term
follow-up, deg., M+SD

Motion Group I Group II
Flexion 113£3 115%2
Abduction 39+3 28+3
Internal rotation 42+3 18+3
External rotation 45+4 35+3

Average values describing the anatomy and
orientation of the acetabulum, as well as the
stability of the hip joint as a whole, were within
reference values in all patients after radical
surgical correction of the pelvic component and
elimination of hip instability after triple pelvic
osteotomy. The absence of significant defects
in the correction of the acetabular fragment
position in both frontal and horizontal planes
after triple pelvic osteotomy demonstrates the
high efficiency of the application of individual
guides for the reduction to ensure the optimal
position of the acetabulum (Table 2).

Analysis of the results showed 95% identity
between the planned and achieved correction
of the acetabular fragment after performing
the reduction reorientation maneuver, which is
especially relevant in patients with dysplastic
hip instability due to the need for multiplanar
correction (Fig. 3).

The study of the values of pelvic indices, the
values of physiologic spine curvatures and their
correlations in group I patients showed that the
correction of hip subluxation with posterior
translation of the acetabulum by triple pelvic
osteotomy resulted in a significant decrease in the
values of the pelvic incidence, as well as a decrease
in the values of the sacral slope to its normal
value in the asymptomatic population. As a result
of the surgery, the initially existing lordosis
(hyperlordosis) of the lumbar spine approached
physiological normal values. The values of the
spine-sacral angle did not differ from those of
healthy children. This indicates not only the return
of the trunk as a whole to the mid-sagittal line in
relation to the pelvis, but also the derotation of the

Table 2

Main X-ray parameters of the anatomical structure and stability of the hip,
sagittal balance in patients of both groups

Parameter Group [, M=SD Group II, M#SD Reference values in asymptomatic
Me (Q1-Q3) Me (Q1-Q3) population of children [18, 19, 20]
Sharp angle, deg. 36.2+4.8 34.0£3.3 35-45
36 (32-40) 34 (30.8-35.5)
Wiberg angle, deg. 32.7£3.9 35.4%4.0 25-40
33 (30-35) 36 (32.0-38.5)
BC, % 93.3+5.9 98.5+2.4 85-100
95 (90-100) 100 (95-100)
ARI, % 4.8+3.2 3.0%3.0 Io 20
5(3-6) 2.2 (1-5)
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End of Table 2

Main X-ray parameters of the anatomical structure and stability of the hip,
sagittal balance in patients of both groups

Parameter Group I, M£SD Group II, M+SD Reference values in asymptomatic
Me (Q1-Q3) Me (Q1-Q3) population of children [18, 19, 20]
NSA, deg. 141.5%5.3 138.5%5.8 125-145
141.5 (138.3-145.0) 140 (135.0-141.8)
AA, deg. 35.5+3.7 15.3%2.0 10-30
36.7 (32.7-38.0) 15 (13.3-16.0)
PI, deg. 43.1¥4.0 44.2%5.2 45.4%10.7
43.2 (41.6-46.0) 44.7 (42.6-51.1)
PT, deg. 4.1%2.1 6.2+2.4 10.3%6.5
4.3 (3.0-6.3) 6 (5.7-9.0)
SS, deg. 39.0+3.6 38.0%5.6 35.4+8.1
39 (36.9-40.7) 37 (33.8-42.8)
TK, deg. 35.0%4.3 34.4+3.8 37.1¥9.9
35 (32.8-37.2) 35 (31.8-36.7)
GLL, deg. 44.9%7.2 41.6%6.2 39.6+12.4
44.2 (41.3-49.3) 42.2 (35.9-46.0)
SVA, mm 0.8+10.0 0.3+9.0 0.1+2.3
0.9 (-6.6-6.6) 4.2 (-8.2-6.0)
SSA, deg. 132.8+7.0 130.5+8.3 130.4+8.1
134 (130-138) 131 (124-138)

Fig. 3. Identity of planned individual (green) and
achieved (blue) acetabular positions after reorienting
reduction in a patient with dysplastic hip subluxation

latter from the position of excessive anteversion.
At the same time, the preoperative global negative
imbalance characterized by a pronounced
posterior displacement of SVA in relation to the
sacral promontory approached the state of neutral
compensated balance, as evidenced by SVA values
in the mid-term follow-up period after radical
reconstructive surgery (Fig. 4).

The above-mentioned values also changed
in group II patients after surgical treatment,
resulting in a slight increase in the morphologic
PI value and an average 6% decrease in SS values
compared with initial ones. The values of all
pelvic indices came close to the average values
in healthy children. Due to the change in the
spatial position of the pelvis in the sagittal plane,
the lumbar lordosis decreased compared to the
preoperative values. In addition, similarly to
group I patients, the values of the spine-sacral
angle did not differ from the norm, and the values
of SVA came close to neutral from negative,
indicating stabilization of the global balance of
the trunk in the sagittal plane (Fig. 5).

The correlation analysis shown in Figure
6 revealed direct strong positive correlations
between the main sagittal balance values in
both study groups, indicating the restoration
of kinematic links maintaining the dynamic
phenomenon of sagittal balance.
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Fig. 4. Teleradiographs of the spine in the sagittal
view of a 14-year-old patient with Crowe type I left
hip dysplasia before radical reconstruction (a) and 38
months after (b). Explanation in the text

Fig. 5. Teleradiographs of the spine in the sagittal
view of an 11-year-old patient with right hip
subluxation as a result of LCPD before radical
reconstruction (a) and 36 months after (b).
Explanation in the text

Fig. 6. Correlations between sagittal balance values in patients with hip subluxation of dysplastic genesis (a)

and in case of LCPD (b)

The correlation between the main SSPB in
children with Crowe grade I dysplasia in the mid-
term follow-up period is shown in the results of
regression analysis (Fig. 7).

The coefficient of determination (R?) of the
indicated SSPB values was higher than 0.73 and
did not differ significantly from the linear and
quadratic models. This brought the signs closer
to the linear regression. More than 70% of the
sample can be justified by this regression formula,
so the approximation can be recognized as good.

Regression analysis results, indicating the
correlation between the main SSPB in children
with hip subluxation in LCPD at mid-term follow-
up, are shown in Fig. 8.

The coefficient of determination (R?) for SSPB
was above 0.75 and did not differ significantly
from the linear and quadratic models. This
brought the signs closer to the linear regression.
More than 75% of the sample could be justified
by this regression formula, so the approximation
could also be considered good.
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Fig. 7. Relationship between SPSB in group I patients:
a — between PI and SS; b — between PI and GLL; ¢ — between SS and GLL; d — between SSA and SS
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Fig. 8. Results of regression analysis showing the relationships between spino-pelvic sagittal balance in group
II patients:
a — between PI and SS; b — between PI and GLL; ¢ — between SS and GLL; d — between SSA and SS
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On the basis of the obtained data, we can
conclude that due to achievement of the optimal
individual position of the acetabulum and
restoration of stability of the hip joint in general,
all patients have transformed the hyperlordotic
type of vertical posture into a harmonious one,
according to the improved classification of
P. Rousoully [21], in which the occurrence and
course of degenerative-dystrophic changes in
the lumbosacral spine will not differ from similar
processes in the asymptomatic people.

DISCUSSION

Since the first detailed description of SSPB
followed by the identification of possible ways
of lumbar lordosis formation, on which the type
of human vertical posture depends, the interest
of the world orthopedic community in this topic
has been growing annually [5, 22]. Currently, the
literature details possible variants of sagittal
balance changes in adult patients with various
orthopedic spine diseases, femoroacetabular
impingement, and hip osteoarthritis [23, 24, 25,
26, 27]. Moreover, there are studies on the
nuances of acetabular component positioning
during the performance of total hip arthroplasty
that depend on SSPB [28, 29, 30, 31].

Nowadays, there are few publications on the
state of sagittal balance in children with various
pathologies of the musculoskeletal system
[6, 7, 32, 33, 34, 35]. At the same time, the
studies devoted to changes in the state of SSPB
after reconstructive surgeries are sporadic
[13, 36].

In one of the studies, dedicated to evaluation
of changes in SSPB and vertical posture after
transposition of the greater trochanter in
patients with its hypertrophy, I.Yu. Pozdnikin et
al. concluded that this operation led to a decrease
in excessive pelvic anteversion and hyperlordosis.
As a result, the hyperlordotic vertical posture
changes into a harmonious one [36]. At the
same time, such changes in the type of lumbar
lordosis, in our opinion, are primarily associated
with changes in the biomechanics of the gluteus
medius muscle, since PI values in this category of
patients had no differences both before and after
surgery.

We found the only article dedicated to
assessment of the possibilities of surgical balance
correction in children with hip instability [13].
According to the results of the study, the authors
conclude that various reconstructive surgeries on
the pelvicand femoral articular componentsresult
in the reduction of the existing hyperlordosis by
decreasing PI values. However, it should be noted
that the different nosological and age groups
of patients, the presence of various types of
contractures in the hip joint, and the performance
of corrective osteotomy of the femur in the vast
majority of cases did not allow us to adequately
assess the true impact of the techniques of
surgical stabilization of the hip on the change
in SSPB and vertical posture. In addition, no
patient with hip instability of dysplastic etiology
underwent triple pelvic osteotomy.

In our study, different approaches to triple
pelvic osteotomy in patients with hip subluxation
of different genesis allowed to significantly
affect SSPB and vertical posture. In particular, in
patients with Crowe grade I dysplasia, adequate
antero-superior coverage of the femoral head
combined with posterior translation of the
acetabulum led to a decrease in PI, SS, SSA, and
lumbar lordosis values until they reached the
physiologic normal values.

These results confirm the findings of a team of
authors from Japan, who found that the patients
with acetabular dysplasia were characterized
by pelvic anteversion and hyperlordosis, and
anterior and external rotation of the acetabulum
contributed to the reduction of the latter and was
preventive for the development of "hip-spine”
syndrome [37].

In addition, according to the correlation
analysis, the direct positive correlation between
PI and SS increased from 0.3 to 0.86, which may
indicate the restoration of complex kinematic
links in the system "hip joints - lumbar spine". In
patients with subluxation of the femur in LCPD,
the reorientation of the acetabulum, taking into
account its normal development, during triple
pelvic osteotomy was performed strictly in an
external direction in order to achieve a BC of
at least 95% according to the basic principle of
"containment therapy" in this category of patients
[38, 39, 40].
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As a result of the surgical intervention, there
were no significant changes in PI values, while
SS, SSA and lumbar lordosis values reached the
average physiologic levels. Correlation analysis
showed an increase in the direct positive
correlation between PI and GLL from 0.6 to 0.9,
which also indicates the restoration of links in
the kinematic system "hip joints - lumbar spine".
Patients in both study groups showed a persistent
tendency to transform the negative imbalance
into a neutral one, as evidenced by the dynamics
of changes in SVA values. In addition, regardless
of the etiology of hip subluxation after surgical
stabilization of the hip, taking into account
the features of its performance, there was a
conversion of the hyperlordotic type of vertical
posture into a harmonious type, which enables
prevention of the development of "hip-spine"
syndrome and early degenerative dystrophic
changes in the lumbosacral spine in this category
of patients.

CONCLUSIONS

Analysis of mid-term results of surgical treatment
of children with hip instability in the form of hip
subluxationandLegg-Calvé-Perthesdiseaseusing
3D modeling and prototyping of individual guides
showed that the triple pelvic osteotomy leads to
the reduction of both excessive pelvic anteversion
and lumbar hyperlordosis. The achieved optimal
correction of the acetabulum with restoration of
hip stability ensured the transformation of the
physiologically disadvantageous hyperlordotic
type of vertical posture into a harmonious
one, which is confirmed by bringing the main
radiographic parameters of sagittal balance closer
to the values in the asymptomatic population of
children.
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Abstract

Background. Recovery from COVID-19 does not always proceed without complications, especially in patients
who have suffered severe forms of the disease. Most researchers confirm a significant increase in the
incidence of osteonecrosis of the femoral head (ONFH) after COVID-19. However, there is no clear opinion
on the individual aspects of the development and course of the disease. This is an extremely important issue
that allows us to identify the main risk groups for the development of post-COVID-19 osteonecrosis and,
consequently, to perform the earliest possible screening of this complication.

Aims of the study: 1) To evaluate the impact of the past COVID-19 on epidemiologic parameters and clinical
course of osteonecrosis of the femoral head in patients; 2) to study the causes of its development.

Methods. We have analyzed the data of medical histories of 674 patients diagnosed with osteonecrosis of the
femoral head who sought medical care in 2018 and in 2022. Patients were divided into 4 groups according
to the presumed causes of development of the disease. The first group enrolled 183 patients who underwent
COVID-19 and received steroid therapy (ST). The second group included 78 patients who underwent COVID-19
without ST therapy. The third group consisted of 103 patients with ONFH that manifested in 2022 without
COVID-19 in the previous medical history. The comparison group was made up of 310 patients who developed
ONFH in 2018 before the appearance of the SARS-CoV-2 virus.

Results. The sample of patients with COVID-19-associated osteonecrosis differed significantly from patients
without COVID-19, in terms of gender, age, time of disease onset, extent of the femoral head damage, and
disease progression rate (p<0.001). The level of early ONFH diagnosis was extremely low, not differing from
that in the pre-pandemic period.

Conclusions. The COVID-19 pandemic has increased the incidence of ONFH, significantly modifying both its
epidemiology and clinical picture. Nevertheless, the vigilance of practitioners remains extremely low, which
affects the timely diagnosis of the disease.

Keywords: COVID-19, osteonecrosis of the femoral head, avascular necrosis, diagnosis of osteonecrosis,
steroids.
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OcTeoHeKpo3 rosioBKM 6eApeHHOi KOCTU — eLle OA4HO Hacieaue
COVID-19?
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L @I'BY «HayuoHanvHslii MeduuuHcKuii ucciedosamensckuti ueHmp mpasmamosiozuu u opmoneouu
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Pedepar

AkmyansHocms. Beizmoposienue rociie COVID-19 He Bcerma mpoxoauT 6e3 0CIosKHEeHN 1, 0CO6eHHO Y MallieH-
TOB, ITIepeHeCINX TsoKesblie GOopMbI 3a00IeBaHMs. BONBIIMHCTBO MCC/IeqoBaTe el MOATBEPKIAIOT 3HAUNUTEIb-
HBI/l POCT YaCTOThI PasBUTUSI OCTEOHEKPO3a TojIoBKM GempeHHOi Koctu (OT'BK) BeiemcTByue mepeHeceHHOro
COVID-19. Ilpu 5TOM HeT 4eTKOTO MHEHMSI OTHOCUTEbHO MHAVBUAYAIbHBIX aCIIEKTOB Pa3BUTUSI U TEUEHUSI
3a001eBaHMS. JTO SABISETCS KpajiHe BasKHIMM MOMEHTOM, IIO3BOJISIIOIIVIM BBIIEIUTb OCHOBHBIE I'PYIIIIBI PUCKA
pas3BUTHUS OCTeOHeKpo3a nociie nepeHeceHHOro COVID-19 u, kak cjieCcTBME, OCYIeCTBUTh MaKCUMMa/IbHO PaH-
HUII CKPpUHUHT JAHHOTO OCJIOSKHEHMSI.

Llenu uccnedosanusn: 1) olieHUTH BausiHME nepeHeceHHOro COVID-19 Ha snuaemumonormyeckye rmoxkasaTenn u
KJIMHUYECKOe TeUeHle OCTeOHEeKPOo3a rOJIOBKM OeIpeHHO KOCTHM Y MallIeHTOB; 2) U3YUYUTh IPUUMHBI €T0 pas-
BUTHSIL.

Mamepuan u memoodst. IIpoaHaN3MpPOBaHbI JaHHbIE MEIUIIMHCKOM TOKyMeHTaluu 674 MaluyeHToB C Aua-
rHO30M «OCT@OHEKPO3 IOJIOBKM GeIpeHHOI KOCTM», 06paTUBIINXCS 38 MeOUIIMHCKOM nmomoinibio B 2018 u B
2022 rr. [TauyeHTsI ObLIM pa3aesieHbl Ha 4 TPYIIILI 10 MpenojgaraeMbIM IPUUMHAM pa3sBUTHUS 3a60IeBaHUS:
nepsag rpynmna — 183 namuenTa, nepeHeciuinx COVID-19 u nonyyaBiinx jieueHue TIMIOKOKOPTUKOCTEpOUa-
mu (TKC); BTOpas rpyima — 78 nmauueHToB, epeHecunx COVID-19 6e3 Tepanuu I'KC; TpeThst rpymma — 103
nanyenTa ¢ OI'BK, ne6otuposasiiem B 2022 1. u 6e3 COVID-19 B aHaMHe3e. YeTBepTYIO TPYIITY (CPAaBHEHUS)
coctaBuiu 310 nanmeHTOB, y KOTOpbix OI'BK pa3zsuiics B 2018 1., no nossaeHus supyca SARS-CoV-2.
Pesynomameol. [1aniueHThl ¢ OCTEOHEKPO30M, accolimmupoBaHHbIM ¢ COVID-19, 3HaUUTENbHO OTAMUYAIUCH OT
maieHToB, He 6oneBuinx COVID-19, ro moiny, BO3pacTy, cpokaM mebioTa 3aboseBaHuss, 06beMy Iopasxe-
HMS TOJIOBKM OeIpeHHOJi KOCTU ¥ CKOPOCTY TeueHMs MmaToorunieckoro npouecca (p<0,001). VpoBeHb paHHel
nuarHoctuky OTBK 6b11 KpajiHe HU3KMM, He OTJIMYAsICh OT TAKOBOTO B AOTIAHIEeMUITHbIN TTePUO]T.
3axnrouenue. Tlangemust COVID-19 npuBena K yBenndyeHnuto 4actoTbl OI'BK, cepbe3HO M3MeHMB KaK ero snupe-
MMOJIOTUIO, TaK U KIMHUYECKYI0 KapTuHy. TeM He MeHee HaCTOPOXKeHHOCTh MPaKTUKYIOIIMX Bpayeil 0CTaeTcs
KpaifHe HM3KOI1, YTO CKa3bIBaeTCsI Ha CBOEBPEMEHHOJI IMarHOCTUKe 3a00/IeBaHMSl.

KmioueBsbie cioBa: COVID-19, ocTeoHeKpO3 TOIOBKY 6eIpeHHOl KOCTH, aBaCKY/ISIPHbI HEKPO3, KOPTUKOCTE-
POUIBI.
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BACKGROUND

Osteonecrosis of the femoral head (ONFH) is
a severe, rapidly progressing disease affecting
mainly young people of working age. Attempts to
solve the problem by performing hip arthroplasty
in this case seem questionable due to their high
physical activityand,as a consequence, premature
failure of the artificial joint. Before the COVID-19
pandemic, the share of the discussed pathology
in the structure of requests for orthopedic care,
according to various sources, amounted to 5-15%
of cases [1, 2]. We have identified the main risk
groups for the development of ONFH, as well
as the criteria for its early diagnosis, allowing
the most effective use of techniques aimed at
preventing or delaying hip arthroplasty [3, 4, 5].
Unfortunately, the new coronavirus infection
has changed this situation, as evidenced by the
constant increase in the number of publications
devoted to this topic [6, 7]. When analyzing
them, we have found a number of interesting
features that make it difficult to systematize the
information obtained.

Some authors suggest a diametrically opposite
approach when highlighting the key points of the
studies. Thus, a number of authors underline
the importance of the isolated problem of the
increased incidence of COVID-19-associated
ONFH [7, 8]. Others focus not on the increase in
incidence, but on the aggressive course of ONFH
in the category of patients being considered
[9, 10]. At the same time, the main mechanism
of vascular thrombosis in the femoral head
remains unclear. Undoubtedly, uncontrolled use
of steroids may be one of the reasons for ONFH
development [11, 12, 13, 14]. The widespread
use of steroids in the treatment of patients
with SARS in 2003 to reduce the inflammatory
infiltration of the lungs and improve oxygenation
led to the subsequent development of ONFH in
almost a quarter of patients [15, 16]. However, we
cannot exclude the possibility of direct damage
to the vascular wall by the virus by analogy with
the described thrombosis of various organs in
meningococcemia, HIV, hepatitis, rubella, and
varicella [17, 18, 19, 20]. It is also worth noting
that a significant part of the studies we have
found are based on limited series of observations.

Aims of the study: 1) to evaluate the impact of
the past COVID-19 on epidemiologic parameters

and clinical course of osteonecrosis of the
femoral head in patients; 2) to study the causes
of its development.

METHODS

A single-center retrospective cross-sectional
study was based on the medical histories of
674 patients with confirmed non-traumatic
osteonecrosis of the femoral head who had
sought medical care at the Vreden National
Medical Research Center for Traumatology and
Orthopedics in 2018 and 2022.

According to the study design, the patients were
divided into 4 groups. Group 1 consisted of 183
patients with ONFH due to severe form of COVID-19
that had required steroid therapy during inpatient
treatment. Group 2 consisted of 78 patients with
milder forms of COVID-19 treated in hospital
or at home without steroids. Group 3 included
103 patients with ONFH that had developed in
2022 with no prior COVID-19 infection. Group 4
(comparison group) was made up of 310 patients
who had suffered from ONFH in 2018 before the
appearance of the SARS-CoV-2 virus.

Exclusion criterion for the Groups 1 and 2 was
the detection of ONFH prior to COVID-19 disease.
Cases of post-traumatic ONFH were exclusion
criteria for all study groups.

To assess the validity of the results obtained,
the first stage was to analyze the ratio of patients
excluded from the study in 2022 and 2018. In
parallel, the total number of ONFH cases was
compared according to the year of referral.

At the second stage, an intergroup analysis was
performed according to the following parameters.

1. Distribution of patients by age and gender.

2. Extent of the femoral head defect.
Calculation was based on the results of computed
tomography. The average damage radius was
calculated according to the formula:

(R1+R2+R3) : N,

where R1is minimum, R2 —mean, R3 —maximum
damage radius, respectively, N — number of
measurements.

Then the size of necrosis focus was determined
according to the formula:

4/3 7R3,

where R is previously calculated average damage
radius.
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The final calculation of the ratio of the
osteonecrosis focus size to the healthy bone
tissue was performed according to the formula:

(focus size / head volume) x 100%.

The foci were divided by size in accordance
with the classification of M.E. Steinberg: up to
15% of the femoral head volume - small, 15-30%
- medium, more than 30% — large [21].

3. The rate of pathologic process progression
was assessed by the duration of the "lucid
interval" from the appearance of primary pain
syndrome caused by bone marrow edema to the
development of secondary pain syndrome, which
is a marker of impression fracture of the loaded
pole of the femoral head.

4. Period from COVID-19 (from the onset
of coronavirus infection according to medical
records) to the onset of primary hip pain for
Groups 1 and 2. This indicator was not monitored
for patients in Groups 3 and 4.

At the third stage of the study, the criteria
influencing early diagnosis were evaluated:

— awareness of COVID-19 patients about the
risks of developing ONFH;

- frequency of patients' referral at the onset
of the first symptoms of disease;

- frequency of diagnosing the disease at the
first visit;

- time and reasons for delayed diagnosis,
provided that the patient was referred timely.

Statistical analysis

Calculations were performed in Excel for Windows
(Microsoft, USA) and SPSS v. 26.0 software.
Descriptive statistics methods were used to
summarize the primary results obtained from
individual patient registration cards: mathematical
expectation, standard deviation, median, quartiles,

minimum/maximum. The Pearson's chi-square
test, paired and unpaired Student's t-test were
used for comparison of qualitative parameters. For
parameters with non-normal distribution, non-
parametric tests were used, in particular, the Mann-
Whitney test and the Wilcoxon's test. Differences
were considered statistically significant at p<0.05.

RESULTS

The number of patients excluded from the study
according to the above-mentioned criteria
relative to the total number of cases between
2022 and 2018 showed no statistically significant
difference. However, a statistically significant
increase in the overall incidence of ONFH was
found in 2022. Also in 2022, there was a decrease
in the incidence of osteonecrosis of non-
traumatic genesis due to an increase in COVID-
19-related ONFH cases (Table 1).

Subsequent intergroup analysis showed a
quantitative predominance of patients receiving
steroid therapy for COVID-19 (Group 1) over all
other forms of ONFH in 2022 (Groups 2 and 3).
Also, patients in Group 1 differed statistically
significantly by age and gender from all
other studied groups. However, there were no
statistically significant differences in all the
previously mentioned criteria between patients
with COVID-19 without steroid therapy (Group
2), with other forms of osteonecrosis in 2022
(Group 3), and patients with ONFH in 2018
(Group 4) (Table 2).

When studying the extent of the femoral head
demage, it was found that patients who had
received steroids in COVID-19 treatment had
exclusively large and medium-sized foci, which
significantly distinguished Group 1 from all
other groups, in which no statistically significant

Table 1
Comparative characteristics of patients with ONFH
p
Parameter 2022 2018 2022 vs 2018
Total number of referrals, n 592 509 <0.001
Patients excluded from the study,n/ % 228 /38.5 198 /38.9 0.503
Patients included in the study, n 364 310 <0.001
Increase in cases of non-traumatic ONFH in 2022, % 14.8 - -
Etiology of ONFH
COVID-19 / other causes, n 261 /103 310 <0.001
% ratio 71.7/28.3 100 -
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Table 2
Comparison of patients in the four groups by number of ONFH cases, gender, and age
2022 2018 p
1vs2 p p p
Parameter Group 1 Group 2 Group 3 Group 4 1vs3 2vs3 2vs 4 3vs4
1) (2) 3) *) lvs4
Number of cases, n 183 78 103 310 <0.001 <0.001 <0.001
Age, years 56/18 43/11 41.5/11.6 | 42.4/12.3 0.873 0.236 0.353
Me / interquartile <0.001
range (min-max) (21-79) (25-58) (27-60) (25-57) i all - - -
Age >50 years, n/% 134/73.2 | 9/11.5 12/11.6 | 35/11.3 | comparisons | 0-960 0.502 0.601
Male / female
n 102/ 81 57/21 75/28 | 226/84 0.786 |  0.202 0.516
% ratio 55.7/44.3 | 73.1/26.9 | 72.8/27.2 | 72.9/27.1 - - -

difference in the extent of the femoral head
damage was recorded. There was also a persistent
tendency for the prevalence of medium-sized
foci over small foci and small foci over large foci.
In at least 80% of cases in Groups 2, 3, and 4, the
development of large foci was associated with
initial steroid therapy for comorbid pathology.
In Group 1 no such tendency was noted. In turn,
larger foci in patients receiving steroids for
therapy of severe forms of COVID-19 led to more
rapid development of impression fracture of the
femoral head, whereas no statistically significant
difference in this parameter was observed
between Groups 2, 3, and 4 (Table 3).

When comparing Groups 1 and 2 in terms of
the time elapsed from COVID-19 to the
development of primary pain syndrome in the
hip joint, a statistically significant relationship
between the time of disease manifestation
and steroid therapy was established. Thus, in
patients of Group 1, the time from the moment of
reconvalescence to the period of the first pain in
the joint was shorter and varied less in contrast to
Group 2.1t should also be noted that several patients
in Group 1 complained of primary pain syndrome
occurring during COVID-19 steroid therapy, while
in Group 2 such cases were absent (Table 4).

Table 3

Comparison of patients by extent of the femoral head damage, steroids intake, comorbidities,
and rate of development of the femoral head impression fracture

2022 2018 p
Parameter Lvs2 P P P
Groupl | Group2 | Group3 | Group4 1vs3 2vs3 | 2vs4 | 3vs4
¢y (2) 3) “) 1vs4
Extent of the femoral head
damage - 24/30.8 | 31/30.1 93/30 0.541 0.338 | 0.526
under 15%,n/ % 103/56.3 | 43/55.1 | 57/55.3 | 171/55.2 0.790 | 0.432 | 0.801
15-30%,n/ % 80/43.7 | 11/14.1 15/14.6 | 46/14.8 0.756 | 0.371 | 0.534
over 30%,n/ %
Initial steroid therapy* in 6/75 8/81.8 12/80 | 37/80.4 <0.001 <0.001 | <0.001 | 0.603
case of foci >30%,n/ % in all
comparisons
Time to an impression
fracture development,
months
Me / interquartile range 6/4.6 8/4.1 8.2/4 8/3.9 0.514 | 0.385 0.472
(min-max) (3-12) (3-17) (3-16) (3-16) - - -

* For diseases prior to SARS-CoV-2 infection.
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As the survey showed, none of the patients
who underwent COVID-19 were warned about
the possibility of this complication. The vast
majority of patients, regardless of the etiology of
osteonecrosis, sought outpatient care at the first
manifestations of the disease. Timely diagnosis
of COVID-19-associated and non-COVID-
19-associated ONFH was 10.6% and 10.7% of

cases, respectively. The rest of the patients were
observed by neurologists with suspicion of lumbar
spine pathology. In this case, the diagnosis was
made only when a bright clinical picture due to
the femoral head collapse developed at 4.2 and
6.0 months for COVID-19-associated and non-
COVID-19-associated osteonecrosis, respectively
(Table 5).

Table 4
Time to development of primary hip pain syndrome depending on steroids intake
Group 1 Group 2 p
Parameter 1) 2) 1vs2
Time to primary manifestations of ONFH, months
Me / interquartile range 3/5 8/7 <0.001
(min-max) (0-18) 0-17) inall
Occurrence of hip pain during steroid therapy for COVID-19, comparisons
n/% 11/6 0
Table 5
Physicians’ vigilance and timely diagnosis in patients
with COVID-19-associated and non-COVID-19-associated osteonecrosis
Cases of Cases of
osteonecrosis non-COVID-
Parameter with COVID-19 19-associated p
in medical history osteonecrosis,
n=261 n=413
Warned about the risk of ONFH, n 0 0 -
Contacted the outpatient clinic at the first symptoms of
ONFH,n/ % 235/90 365/88.4 0.268
Timely diagnosis of ONFH, n/ % 25/10.6 39/10.7 0.704
Observed by neurologists without suspected ONFH, n/ % 210/89.4 326 /89.3 0.621
Timing of diagnosis from ONFH onset, months
Me / interquartile range 4.2/1.3 6/2.1 <0.001
(min-max) (2-17) (1-18) -
DISCUSSION

Recovery from COVID-19 is not always without
complications, especially in patients who have
had severe forms of the disease. In addition
to general manifestations, such as weakness,
dyspnea, anxiety, and depression, there are more
and more frequent reports of osteonecrosis of
the femoral head associated with COVID-19
[22, 23]. According to a number of authors, this is
extremely alarming, as ONFH is characterized by
a rapidly progressing course [24, 25]. It can easily
be assumed that the increase in the number of

such patients will become a heavy burden for
the health care system [26, 27]. Therefore, timely
diagnosis is crucial for the treatment of early
stages of osteonecrosis, allowing the preservation
of the affected joint. This necessity is dictated
by the indication of ischemia foci significantly
exceeding 30% of the femoral head volume
[13, 28]. These changes reduce the possibilities
of organ-preserving treatment methods to
the use of decompression only at the stage of
bone marrow edema [29, 30, 31]. In turn, early
screening of ONFH is almost impossible without
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understanding the conditions of development
and features of the clinical course of ONFH
[32, 33, 34].

The COVID-19 pandemic has not only caused
anincrease inthe overall incidence of ONFH in the
patient population, but has also largely crowded
out other forms of non-traumatic osteonecrosis
compared to 2018. A similar trend was noted
by J.0. Okewunmi et al. When analyzing over
one million hip arthroplasties, they indicated a
significant increase in ONFH in 2021 compared to
the pre-pandemic 2016. [32]. We have found that
the increased incidence of COVID-19-associated
ONFH (more than 70%) occurred in patients
receiving steroid therapy for severe coronavirus
infection, which fully confirms the results of the
study by J.O. Okewunmi et al.

A more detailed analysis revealed significant
heterogeneity of COVID-19-treated patients
according to the criterion of steroid intake in the
acute phase of the disease. Thus, the mean age
and gender of patients in the Group 2 (COVID-19
treatment without steroids) was comparable
to the group of patients without coronavirus
infection. Patients in Group 1 (COVID-19 +
steroids) were on average significantly older.
This feature was predominantly associated with
atypical age of osteonecrosis development. The
maximum recorded age was 79 years, whereas in
other groups this parameter did not exceed 60
years. A similar trend can be observed in the study
by A.V. Glukhov et al. According to their data, the
frequency of ONFH after coronavirus infection
in patients older than 50 years approached 30%
[35]. We have revealed a tendency of ONFH
development in patients over 60 years of age who
had mild forms of COVID-19 but received steroids
for concomitant pathology.

The extent of the femoral head damage also
showed a significant difference between the
first and other study groups. The patients in this
group had only medium and large damage foci
with no small foci, while medium and small foci
were predominant in other groups. At the same
time, large foci in these groups were clearly
associated with steroid therapy, whereas in Group
1 (COVID-19 + steroids) no such correlation was
found. It should also be noted that the patients
in Group 1 developed the fracture of the loaded

pole of the femoral head significantly earlier
compared to other study groups.

The study of the time of development of the
primary pain syndrome from the moment of
reconvalescence from new coronavirus infection
also showed a significant difference. Patients in
the first group began to feel pain syndrome much
earlier than patients in other groups in which
hormone therapy was not used. In addition, in the
first group there were precedents of primary pain
syndrome at the stage of steroid therapy, while in
the second group there were no such cases.

We have been unable to find a clear association
of SARS-CoV-2 virus with the development of
ONFH. Nevertheless, the early onset of pain
syndrome, more rapid and extensive damage to
the femoral head indirectlytestify tothe combined
effect of the virus and hormonal therapy. Again, it
should be noted that steroids were used in severe
forms of COVID-19, which means that the viral
load and the probability of microthrombosis were
higher. On this basis, patients who underwent
COVID-19, especially those who required steroid
therapy, should necessarily be aware of the risk
of osteonecrosis and symptoms indicating the
development of this disease. In this case, the
earlier development of the fracture of the loaded
pole of the femoral head in the first group of
COVID-19 patients was probably also due to the
extensive foci and, therefore, more aggressive
course of the disease compared with other cases
of ONFH development.

We have revealed extremely low alertness of
physicians regarding the risk of this complication.
Thus, despite numerous publications, the
diagnosis of ONFH at the early stages in this
category of patients did not exceed 11% of
cases. In all other cases, the clinical picture was
mistaken for lumbar spine pathology, for which
patients received conservative treatment up to
the development of the femoral head collapse.
Therefore, it is worth highlighting that all
physicians, regardless of their specialty, should
be warned about the high risks and possible
negative consequences of late diagnostics of
ONFH. This will most likely allow early diagnosis
(before the osteonecrosis focus is delimited) and
treatment, enabling in some cases to count on
the preservation of the damaged joint.
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Limitation of the study

Our study, like most similar studies, has a
significant limitation in terms of the size of the
study groups, but the factors we have identified
should be considered by specialists working with
patients who have suffered COVID-19.

CONCLUSIONS

With the development of the COVID-19 pandemic,
the structure of osteonecrosis of the femoral
head has undergone significant epidemiologic,
pathomorphologic, and, accordingly, clinical
changes. We have managed to record a significant
increase in this pathology and an increase in
the average age of patients compared to the
pre-pandemic values. Also in the first group,
an atypical gender distribution of patients was
observed. In addition, a more aggressive course
of the disease was recorded due to the initially
larger extent of the femoral head damage,
especially in patients treated with steroids for
the coronavirus infection. Nevertheless, the
vigilance of practitioners remains extremely
low. This approach is likely to increase the need
for primary and, consequently, revision hip
arthroplasty in future, significantly burdening
the health care system as a whole.
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Abstract

Background. Almosthalfofthe patientswithanklefractureshavefracture ofthe posteriormalleolus.Conclusions
of the existing studies are contradictory and do not provide a decisive answer to the question of the need for
fixation of the posterior tibial fragment.

Aim of the study — to compare the radiologic and functional outcomes of osteosynthesis of the posterior
tibial fragment in unstable ankle fractures using closed reduction and minimally invasive technique and
direct open reduction using posterolateral and posteromedial surgical approaches.

Methods. Prospective multicenter study enrolled 132 patients with complex ankle and posterior malleolus
fractures. They were divided into three groups depending on the technique of fixation of posterior tibia.
Functional and radiologic results of treatment were assessed at 12, 24, and 48 weeks after osteosynthesis. The
AQOFAS and Neer scales were used.

Results. Bone union occurred in all patients at an average of 8.3*#0.8 weeks after surgery. Analysis of
postoperative CT scans showed that the use of posterior approaches provided statistically significantly
more precise reduction of the fragments of posterior tibia. Functional results of patients of the second
(posterolateral approach) and third (posteromedial approach) groups at 24 and 48 weeks of follow-up were
statistically significantly superior to those of the first group. The median AOFAS score at 48 weeks of follow-
up was 86 for group 2 patients and 90 for group 3. The median scores on the Neer scale were 88 and 94 points
respectively.

Conclusions. Posterior approaches in the surgical treatment of patients with complex ankle and posterior
malleolus fractures allow for more precise fragment open reduction compared to closed one. These patients
also show better mid-term functional outcomes.

Keywords: ankle fracture, posterior malleolus fracture, tibia fracture, posteromedial approach, posterolateral
approach.
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Pe3ynbratbl 1e4eHMs NALMEHTOB C NepenoMamMu NOAbDKEK
U 3apHero Kpas 6onbwebepLoBoii KOCTU C UCMOIb30BaHUEM
pa3/IMYHbIX BAPUAHTOB XUPYPrU4EeCKOi TEXHUKU
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Pedepar

AxmyanvHocms. I104TK y NONMOBMHBI MALMEHTOB MEPENIOM JOABIKEK COMPOBOXAAETCS MOBPEXAEHNEM 3aTHEro
Kpast 6onbiebeprioBoii Koctu (BBK). Pe3yabTaThl MPOBEAEHHBIX UCC/IEIOBAHMIA POTUBOPEUMBBI U HE JAIOT OLHO-
3HAYHOTO OTBETA Ha BOIMIPOC 0 HEOGXOAMMOCTH huKcanuu 3agHero ¢pparmenTa BBK.

Llens uccnedosanus — CpaBHUTb PEHTTEHONOTMYECKME U (PYHKUMOHAIbHbIE Pe3y/IbTaThl Pa3JIMYHbIX BAPUAHTOB
ocTeocuHTe3a (hparMeHTa 3aJHEro Kpast 60/bIe6epIioBoii KOCTY MPY HECTAOWIIbHBIX ITepeioMax JIOAbIKEK C UC-
M0/1b30BaHMEM 3aJHelaTepaJbHOrO U 3aHeMeANaTIbHOTO XUPYPIUIECKUX JOCTYIIOB.

Mamepuan u memoosl. B IpoCIIEKTUBHOE C PETPOCIEKTUBHOI IPYIIIOi CpaBHEHMSI MHOTOIIEHTPOBOE UCCIE0-
BaHMe BK/IIOUEHbI 132 maiueHTa cO CIOKHBIMU IepeioMaMM JIOAbIKEK U 3aiHero otaena BBK, koTopbie 66111
pas[iesieHbl Ha TPY IPYIIHI B 3aBUCUMOCTHU OT MeTOAuKM huKcaium 3aHero kpas. B nepsoii rpymre (70 namyeH-
TOB) peno3uiius hparmedTa 3agHero kpas BBK BbIMomHsIaCch 3aKPBITHIM CIIOCOO0M, & €r0 OCTeOCUHTE3 ObLT BbI-
MOJIHEH MaJIOMHBA3MBHO CTATMBAKOLI MY BUHTAMU, IPOBeeHHbIMY B HAaIllpaBJIeHUY cliepeny Ha3an,. Bo BTopoii
rpymre (33 nauyeHTa) BbITIOTHSIM OTKPBITYIO PEMO3UIIMIO ¥ BHYTPEeHHIO duKcaluio hparmeHTa 3alHET0O Kpas
BBK 13 3aHenaTepaJibHOTO XUPYPIUUECKOTO MOCTyIa. B TpeTbeit rpymme (29 maiueHTOB) 6bUIM BbIITOTHEHBI
OTKpBITast perno3uuusi M ocTeocuHTe3 3agHero kpasi BBK uepes 3agHeMenyanbHbIi MM MOOUGULMPOBAHHbIN
3aJHeMeanabHbIN HocTym. OleHKa QYHKIMOHAIBHBIX M PEHTTEHOJIOTMYeCKUX Pe3y/IbTaTOB JieueHUsI TPOU3BO-
owitach B cpoku 12, 24 n 48 Hep,. miociie onepauuu octeocuHTesa no mkaiam AOFAS u Neer.

Pesynomamet. KoHCcOnMpanus nepeaomMa y BCeX NaleHTOB HACTyNua B cpegHeM uepe3 8,3+0,8 Hen. AHann3
cpe3oB nowteonepanondoi CKT mokasan, 4To mpuMeHeHMe 3aJJHUX AOCTYIIOB 00eCcreumaio CTaTUCTUUEeCKA
3HauUMMO 6ojiee TOUHYIO pernosuiuio GparMeHToB 3agHero Kpass BBK. ®yHKI[MOHATbHbIE PE3YAbTAaThI Maly-
€HTOB BTOPOJ (3amHeIaTepaJbHblil JOCTYIT) U TPEThE (3agHeMeaaabHbIM JOCTYIT) TPYIIT Ha CPOKaX HAOJIIO-
neHus 24 u 48 Hell. CTATUCTUYECKU 3HAUYMMO MPEBOCXOOWIM MOKa3aTeau neppou rpynmnsl. [1o mkane AOFAS
Ha CpoKe 48 HeJ. IMOC/Ie onepanuy MeayaHa 3HaueHuii y MallMeHTOB BTOPOJ IPYIITbl cocTaBwiIa 86 6a/IOB, Y
MalMeHToB TpeTheit — 90 6asuioB, o nkaje Neer — 88 1 94 6a/I7I0B COOTBETCTBEHHO.

3akntouenue. IIpyMeHeHNe 3aAHUX JOCTYIIOB IIPY XUPYPTUUECKOM JIeUeHUM NalMeHTOB CO CJIOKHBIMMU Tepe-
JIOMaMM JIOJIBIKEK U 3aTHETO Kpast 60/1b1Ie6ePIIOBOI KOCTY MTO3BOISIET JOOUTHCS 60Jiee TOUHOI OTKPHITOI pe-
MO3UIMY OTIOMKOB 10 CPAaBHEHMIO C 3aKPBITOI. DTU MalleHThI JeMOHCTPUPYIOT 60/iee BLICOKME CpeJHeCpoy-
Hble GYHKIMOHATbHbBIE Pe3YyabTaThI.

KiioueBble c10Ba: IepeioM JIOABDKEK, IEepesioM 6OosblebeplioBoii KOCTM, 3agHeMeIUalbHbIN HOCTYII,
3aJHeNIaTePabHbIN JOCTYII, OCTEOCUHTE3 JIOIbIKEK.

IOnsa uutupoBaHus: CepreeB I.[I., Benenbkuit W.I., Pedunkuit 10.B., Casenno B.E., MaitopoB B.A. PesynbTaTbl
JleueHMs] TalMeHTOB C TepejoMaMy JIOAbDKEK M 3agHero Kpas 60sbiie6epiioBoii KOCTM C MCIONIb30BaHMEM
pasMYHBIX BAPUMAHTOB XUPYPTUUECKON TeXHUKU. Tpasmamonoeus u opmonedust Poccuu. 2023;29(4):59-68.
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BACKGROUND

Ankle fractures account for 4-9% of all bone
fractures, with 46% of these injuries associated
with the damage to the posterior malleolus [1, 2].

Although trauma surgeons have extensive
experience in treating patients with comminuted
ankle fractures, the need for osteosynthesis
of the posterior edge of the tibia is still under
discussion. The previously accepted tactics of
refraining from fixation if the fragment's size is
less than 25-33% of the articular surface is now
giving way to the approach that all damaged
structures of the ankle should be restored [3].
The results of various studies have demonstrated
that the presence of a fracture of the posterior
tibial edge, regardless of the size of the fragment,
negatively affects treatment outcomes [3, 4].

The attempt to systematize approaches to
the surgical treatment of posterior malleolus
fractures has led to the creation of relatively
new classifications of these injuries based on the
multislice spiral computed tomography (MSCT)
data. N. Haraguchi et al. proposed to divide
the posterior tibial edge fractures into three
types depending on the size of the fragment [5].
J. Bartonicek et al. divided these injuries into four
types depending on the degree of involvement
of the fibular notch in the fracture [6]. Both
authors believe that all fractures of the posterior
malleolus that can technically be fixed should be
fixed. Only the so-called shell-shaped fractures
according to the classification of N. Haraguchi
or extraincisural fractures according to the
classification of ]. Bartoni¢ek require fixation
of the distal tibiofibular syndesmosis with a
positional screw due to the lack of technical
possibility to perform osteosynthesis of the
posterior malleolus [5, 6].

Technically, osteosynthesis of the posterior
tibial fracture can be performed using closed
reduction with the anterior-posterior insertion
of screws or open reduction with their posterior-
anterior insertion. In the scientific literature,
there is no common opinion regarding the
functional results of surgical treatment of such
patients depending on the applied method of
fixation. K. Pilskog et al. report similar results
in assessing ankle joint function when using
traditional and posterior approaches [1]. On the
other hand, S. Erin¢ and N. Cam, when evaluating
the functional results using the SF-36 and FAOS

scales, obtained data in favor of using posterior
approaches [7].

The existence of such contradictions
determined the relevance of our comparative
study.

Aim of the study is to compare the radiologic
and functional outcomes of osteosynthesis of
the posterior tibial fragment in unstable ankle
fractures using closed reduction and minimally
invasive technique and direct open reduction
using posterolateral and posteromedial surgical
approaches.

METHODS
Study design

Type of the study: multicenter cohort prospective
study with retrospective comparison group.

The study was performed on the basis of
St. Petersburg I.I. Dzhanelidze Research Institute
of Emergency Medicine and Interdistrict Clinical
Hospital of Vsevolozhsk. The study enrolled 132
patients, including 31 men and 101 women, who
were admitted as inpatients from January 2021 to
December 2022 inclusive. Patients’ mean age was
52.0%14.1 years.

Inclusion criteria:

- patient age older than 18 years;

— isolated closed injury with 44B3 and 44C1.3,
C2.3 and C3.3 types of fractures according to the
AO/ASIF classification;

— no chronic diseases in the stage of sub- and
decompensation, oncologic pathology and constant
therapy with steroids;

- no more than 30 days since the injury;

- osteosynthesis of the posterior edge of the
tibia, lateral and/or medial malleoli;

— possibility to evaluate short- and mid-term
functional results.

Exclusion criteria:

- age under 18 years;

— ankle fractures without damage to the
posterior edge of the tibia, or as part of polytrauma
or multiple fractures;

— chronic diseases in the stage of sub- and
decompensation, oncologic pathology or constant
therapy with steroids;

- old injury;

- performed conservative treatment of the
ankle fracture;

- inability to assess short- and mid-term
functional results.
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All patients underwent osteosynthesis of the
malleoli and the posterior edge of the tibia. The
groups were divided depending on the method
of reduction of the fragment of the posterior
edge of the tibia and the surgical approach
used for fixation. On admission to the hospital,
all patients underwent conventional X-ray
examination in two views and multislice spiral
computed tomography (MSCT) to clarify the
fracture pattern and to determine the degree of
involvement of the posterior tibial edge.

The first group (retrospective comparison
group) included 70 patients who underwent
closed reduction of the posterior edge fragment
and minimally invasive osteosynthesis with
anterior-posterior lag screws. This clinical
group was represented by 20 (29%) males and
50 (71%) females. The mean age of the patients
was 52.0£14.0 years. Ankle fracture type 44B3
according to the AO/ASIF classification was
diagnosed in 56 (80%) patients, type 44C1.3 in 4
(6%) patients, type 44C2.3 in 2 (3%) patients, and
type 44C3.3 in 8 (11%) patients. According to the
classification of J. Bartonic¢ek, the patients were
distributed as follows: 38 (54%) patients had a
type 2 fracture, 20 (29%) had a type 3 fracture,
and 12 (17%) had a type 4 fracture.

The second group consisted of 33 patients,
including 6 (18%) men and 27 (82%) women. In
this group, open reduction and internal fixation
of the fragment of the posterior edge of the tibia
from the posterolateral surgical approach were
performed. The mean age of the patients was
52.8+14.4 years. Type 44B3 fracture according
to the AO/ASIF classification was diagnosed
in 27 (82%) patients, type 44C3 fracture — in
6 (18%) patients. Type 2 fracture according to
the classification of J. Bartoni¢ek in this group
of patients was observed in 18 (55%) cases, type
3—in 9 (27%) and type 4 — in 6 (18%) cases.

The third group was represented by 29
patients, 5 (17%) males and 24 (83%) females.
Patients in this group underwent open
reduction and osteosynthesis of the posterior
malleolus via the posteromedial or modified
posteromedial approach. It was beyond the scope
of this study to investigate the feasibility of
these two posteromedial approaches for specific
types of posterior edge fracture. Therefore, the
patients were included in one clinical group. Of
29 patients, 17 (59%) were treated for AO/ASIF
type 44B3 ankle fracture, 3 (10%) patients were

diagnosed with type 44C1, 5 (17%) with type
44C2, and 4 (14%) with type 44C3 ankle fracture.
Three (10%) patients had Bartonicek type 2
fracture, 16 (55%) patients had type 3 fracture
and 10 (34%) patients had a type 4 fracture
according to MSCT data.

The choice of surgical approach for fixation of
the posterior fragment of the tibia in patients of
the second and third groups was made taking into
account the MSCT images.

Surgical technique

Patients in the first group underwent surgery in
the supine position. First of all, they underwent
fixation of the fibula via the lateral approach
with a 1/3 tubular plate and 3.5 mm screws. Then
via the medial or anteromedial approach two
partially threaded 4.0 mm cancellous screws were
introduced to fix the medial malleolus. Closed
reduction of the fragment of the posterior edge of
the tibia was performed under intraoperative X-ray
control. Its fixation was carried out with anterior-
posterior 3.5 mm lag screws. At the final stage of
the surgery, the stability of the distal tibiofibular
syndesmosis was assessed by performing the
intraoperative stress tests and X-rays. If necessary,
a positional screw was placed.

The surgical technique applied in patients of
the second and third groups is described in details
in our previous works [8, 9]. We should note that
the patients in the second group were placed on
the operating table in the supine position for
convenient posterolateral approach and fixation
of the fragments of the posterior edge of the tibia
and the lateral malleolus. Osteosynthesis of the
posterior malleolus was performed with either
3.5 mm lag screws or a 1/3 tubular plate and
3.5 mm screws. Osteosynthesis of the medial
malleolus was performed in the same patient
position from the traditional medial approach
with partially threaded 4.0 mm cancellous screws.

Patients of the third group were operated on in
the supine position. The injured lower extremity
was abducted in the hip joint and flexed in the knee
joint. In this position, a posteromedial approach
was performed, and the posterior and medial
malleoli were fixed. After that, the injured lower
limb was extended, and osteosynthesis of the
lateral malleolus was carried out via traditional
lateral approach. In this group, the implants were
similar to those used in the patients of the second
group. Intraoperative stress tests and X-ray
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examination were also performed to check the
condition of the distal tibiofibular syndesmosis in
patients of the second and third groups, and the
results were taken into account to decide whether
a positional screw should be inserted.

Postoperative management

In the postoperative period, all patients were
allowedtowalkwithadditional supportoncrutches.
During the first 6 weeks, it was recommended to
limit the axial load on the operated limb, only
touching the floor with the foot. From the 7" week
until the fracture healing, partial weight bearing
with additional support on crutches was allowed.
Removal of the positional screw was performed
10-12 weeks after the osteosynthesis.

Assessment of outcomes

Control X-rays in AP and lateral views were
performed 4, 8, and 10 weeks after osteosynthesis
to assess the bone union. Criteria for the
fibular fracture were bone callus formation
and disappearance of the fracture line (bone
union under conditions of relative stability) or
disappearance of the fracture line (bone union
under conditions of absolute stability). The
criterion for the medial and posterior malleoli
fractures was the disappearance of the fracture
line in control X-rays.

In the early postoperative period, the patients
underwent control CT on a GE Revolution CT
ES 512 (General Electric, USA) to determine the
accuracy of reduction and correct position of the
implants. The size of the posterior edge fragment
was measured using the RadiAnt DICOM Viewer
software (Medixant, Poland).

During the study, we performed a comparative
analysis of the following parameters: size of the
posterior tibial fragment, determined in sagittal
slices of MSCT; duration of surgery; duration
of hospital stay; residual displacement of the
posterior tibial fragment according to sagittal
slices of the control MSCT; range of motions and
joint function according to the AOFAS [10] and
Neer [11] scales at 12, 24 and 48 weeks after the

surgery.
Statistical analysis

Statistical analysis was performed using Statistica
8.0 software (StatSoft Inc., USA).

Populations of variables of each of the studied
parameters were tested for compliance with the
law of normal distribution. The Kolmogorov-

Smirnov and Shapiro-Wilk tests were used for
this purpose. The distribution in the sample
of the duration of surgical intervention values
corresponded to the normal distribution.
Therefore, the obtained results are presented as
mean value with standard deviation (M*o). In the
samples of all other parameters the distribution
differed from normal, therefore theyare presented
as median with lower and upper quartiles —
Me (Q1; Q3). In the comparative analysis, the
parameters of the second and third groups were
alternately compared with the similar parameters
of the first group. The parametric Student's t-test
was used for variables with normal distribution.
For variables with a distribution other than
normal, the nonparametric Mann-Whitney
U-test was used. Relative values are presented as
percentages. Differences between samples were
considered statistically significant at p<0.05.

RESULTS

The numerical values of the studied parameters
as well as the calculated p values are presented
in Tables 1 and 2.

The duration of hospital stay and the duration
of surgery were not statistically significantly
different in all three groups of patients. However,
it can be noted that the surgery with the use of
posteromedial approach lasted on average 12-
13 minutes more than the other two variants of
intervention, but this difference is statistically
insignificant (p = 0.0533).

According to MSCT data, the patients of the
first group were diagnosed with statistically
significantly larger fragments of the posterior
edge of the tibia -1.34 cm (1.1; 1.73).

After osteosynthesis, the residual
displacement of the posterior tibial fragment in
the patients of the first group was statistically
significantly greater than in the patients of
the second and third groups (p = 0.0009 and
p=0.0004,respectively).Radiologicallydetectable
displacement of the posterior tibial fragment in
patients of the second and third groups did not
exceed 0.5 mm on average, while in case of closed
reduction the average displacement amounted
to 0.91 mm. It should be noted that the residual
displacement exceeded 2 mm in 10 (14%)
patients of the first group, while in the second
group such displacement was observed in 1 (3%)
patient. No patient in the third group had signs
of displacement.
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Table 1
Studied parameters in all groups of patients
with the level of statistical significance
Group 2 Group 3
Parameter Group 1
Value p Value p
Duration of hospital stay, days 14.7 (10; 17) 14 (12; 20) 0.146397 13 (12; 15) 0.871732
Duration of surgery, min. 82.5+33.1 83.9%£21.7 0.823438 95.5%20.2 0.053277
Size of the posterior tibial 1.34 (1.10; 1.73) | 1.1(0.9; 1.6) 0.014867 1.0 (0.7; 1.5) 0.000549
fragment, cm
Residual displacement of the 0.91 (0.6; 1.5) | 0.45 (0; 1.05) 0.000944 0.5 (0.2; 0.85) 0.000416
posterior tibial fragment after
surgery, mm

Values are presented as Me (Q1; Q3) for variables with non-normal distribution and as M#c for variables with normal distribution.

Statistically significant values are highlighted in bold.

Table 2
Functional results of patients of all groups over time, Me (Q1; Q3)
Group 2 Group 3
Term Parameter Group 1
Value p Value p
Range of motions, deg. 40 (35; 45) 45 (40; 50) 0.000213 40 (35; 45) 0.282958
12 weeks AOFAS, points 69 (65; 72) 70 (65; 76) 0.171804 67 (64; 70) 0.102455
Neer scale, points 69 (68; 72) 70 (68; 74) 0.692336 | 68(64;70) | 0.342917
Range of motions, deg. 65 (60; 70) 75 (65; 80) 0.000379 65 (60; 70) 0.398068
24 weeks AOFAS, points 80 (76; 82) 84 (80; 85) 0.000956 86 (82;90) 0.000001
Neer scale, points 78 (76;80) | 84 (80;86) 0.000007 | 88(84;92) | 0.000000
Range of motions, deg. 75 (70; 80) 80 (75; 85) 0.009953 80 (75; 85) 0.025007
48 weeks AOFAS, points 86(82;88) | 86(85;90,5) | 0.037621 | 90(86;95) | 0.000155
Neer scale, points 85(83;88) | 88(86;92) 0.000050 | 94(94;96) | 0.000000

Values are presented as Me (Q1; Q3) for variables with non-normal distribution and as M#*c for variables with normal distribution.

Statistically significant values are highlighted in bold.

Bone union was achieved in all patients at an
average of 8.3+0.8 weeks after osteosynthesis.

Functional assessment of the treatment
results was performed at 12, 24 and 48 weeks.
At 12 weeks after surgery, only patients of the
second group showed statistically significantly
(p = 0.0002) greater range of motion in the ankle.
On average, this parameter was 45° (40; 50). No
significant differences between the groups at this
follow-up were observed according to the AOFAS
and Neer scales.

Twenty-four weeks after osteosynthesis,
the range of motion in the ankle in the second
group was 75° (65; 80) and was statistically

significantly (p=0.0004) greater than in the first
and third groups. When analyzing the individual
questionnaires based on the AOFAS and Neer
scales, we found that the scores of patients in
the second group were statistically significantly
(p=0.001 and p<0.001, respectively) higher than
those in the first group. The third group also had
better functional results than the first group.
This difference was statistically significant
(p<0.001 for both scales).

The final examination with evaluation of the
function of the operated ankle was performed 48
weeks after the surgery. At this time, the average
range of motion in the second and third groups
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was 80° (75; 85) and was statistically significantly
(p = 0.001 and p = 0.025, respectively) greater
than that of the first group patients - 75° (70; 80).
When assessed by the AOFAS and Neer scales, the
ankle function of patients in the second and third
groups was statistically significantly better than
in the first group. It should be noted that at 48
weeks, the medians of the samples of scores of
the first and second groups were close (AOFAS -
86 and 86 points respectively at p =0.04, Neer - 85
and 88 points respectively at p<0.001). However,
the analysis of the lower and upper quartile
values indicates that in the second group, a
greater proportion of patients demonstrated
better functional outcomes.

Complications

There were no cases of infection, failure of fixation
and other complications in the first group.

One patient (3%) from the second group
developed a deep surgical site infection at 2
weeks, which affected the functional outcome.
The patient underwent several revision surgeries
and the course of etiotropic antibiotic therapy. It
was decided to leave the implants until the bone
union. Eighteen weeks after the osteosynthesis,
the hardware was removed, and the infectious
process was resolved. At 48 weeks, the range of
motion in the ankle joint of the patient was 40°,
and the functional scores were 52 and 46 according
to the AOFAS and Neer scales, respectively.

In the third group, failure of fixation of
the medial malleolus fragment and secondary
displacement of the fragments were found in
control X-rays of one (3%) patient 6 weeks after the
surgery. However, the patient refused to undergo
the second operation. On the follow-up 48 weeks
after the osteosynthesis, the range of motion in
the ankle joint was 60°, the AOFAS score was 56
points, and the Neer score was 50 points, which
corresponds to an unsatisfactory result.

DISCUSSIONS

In the surgical treatment of ankle fractures
complicated by the damage to the posterior edge
of the tibia, it was conventionally considered
that the posterior tibial fragment, which size
is 25-33% of the articular surface, did not need
fixation [1, 12, 13]. This approach was supported
by biomechanical studies. Their results indicated
that the posterior part of the articular surface of
the tibia did not play any role in the axial load on

the ankle joint by the body weight. In this regard,
its damage does not lead to biomechanical
disorders in joint motions [14, 15].

The opposite point of view is confirmed by the
results of other studies, which are systematized
in the publication of S. Odak et al. Based on
the studied publications, the authors make the
following conclusion: despite the fact that the
posterior tibial edge does not bear a pronounced
functional load, its fracture leads to an abnormal
redistribution of this load and the development
of instability in the ankle joint. This may be
a predisposing factor for the development of
posttraumatic osteoarthritis [2]. Because of this,
surgeons began to aim for full restoration of
the structural integrity of the ankle joint during
surgical treatment of ankle fractures with damage
to the posterior malleolus [12, 16]. This approach
is fully consistent with the principles of surgical
treatment of intraarticular fractures [13].

Anatomical reduction of the articular
surface fragments in most cases involves their
manipulation under direct vision. Posteromedial,
modified posteromedial and posterolateral
approaches provide the best visualization with
the least number of complications [17, 18]. We
compared the radiologic and functional results
of the surgical treatment of patients with
comminuted ankle fractures using posterior
approaches with the results of patients after
minimallyinvasive osteosynthesis ofthe posterior
malleolus and lateral and medial malleoli
fractures fixed via conventional approaches. In
our opinion, a comparative analysis of the values
of the second and third groups is of no scientific
significance. This is confirmed by the study of S.
Zhong et al. where the authors demonstrated that
the choice of approach should have been made on
the basis of MRI data and the surgeon's clinical
experience. Similar functional and radiologic
results were obtained using both posteromedial
and posterolateral approaches [19].

The problem of choice of the best approach for
osteosynthesis in case of fractures of the posterior
malleolus remains unsolved. The posteromedial
approach is more convenient, as it is performed
in the conventional supine position of the patient
and provides visualization of 64% of the posterior
surface of the tibia. The modified posteromedial
approach increases this percentage up to 91.
Moreover, it is convenient to perform reduction
and fixation of the medial malleolus fracture
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via this approach. Posterolateral approach is
performed with patient in prone or decubitus
position, which is less convenient. Only 40% of
the posterior surface of the tibia is visualized via
this approach, which is slightly less than that of
posteromedial one [20]. The advantage is that
the posterolateral surgical approach can also
be used for osteosynthesis of a lateral malleolus
fracture if the level of the fracture allows for this
procedure. Thus, it seems reasonable to use the
posteromedial approach when the fracture of
the posterior tibia is associated with the fracture
of the medial malleolus, and posterolateral
approach when fracture of the posterior tibia
is accompanied by the fracture of the lateral
malleolus at the same level. In addition,
posteromedial surgical approach is preferable
when the anterolateral approach is necessary
(e.g., for revision of the anterior portion of the
distal tibiofibular syndesmosis), as well as in high
fractures of the fibula when the posterolateral
fixationis not possible. There are several posterior
tibial fractures in which both posterolateral and
posteromedial surgical approaches can be used
for osteosynthesis. In this case, in our opinion,
the choice should depend on the surgeon's
preference. The main thing is that the surgery
should result in the most accurate reduction of
the fragment of the posterior malleolus and its
stable fixation.

During the study, we found that the duration
of hospital stay, as well as the duration of surgery,
did not depend on the chosen surgical approach
for the reduction and fixation of the posterior
malleolus.

Residual displacement of the posterior tibial
fragment after osteosynthesis was assessed using
sagittal CT slices. A common sign of unsatisfactory
reduction is the presence of a "step” of more than
2 mm between the fragments of the articular
surface visualized in X-rays [8, 9, 21]. The first
group of patients is characterized not only by a
statistically significantly larger average residual
displacement of the posterior tibial fragment after
closed reduction, but also by a greater proportion
of patients in whom this displacement exceeds
the threshold of 2 mm. This indicates that open
reduction provides better restoration of the
articular surface of the ankle joint.

According to the data of foreign authors,
traditional closed reduction and fixation of
the posterior tibial fragment with anterior-

posterior lag screws is associated with a high
frequency of unsatisfactory posterior fragment
reduction [22, 23]. C. Drijfhout van Hooff et al.
report that 42% of patients operated on using
the conventional technique had unsatisfactory
posterior fragment reduction [22]. In the study
by D. Vidovi¢ et al. the results of a randomized
comparative study of closed and open reduction of
the posterior malleolus are presented. According
to their data, discongruence of the articular surface
was observed in 23% of cases with minimally
invasive fixation and only in 4% of cases with
reduction and osteosynthesis under direct vision
[23]. E. Fernandez-Rojas et al. in their study also
conclude that posteromedial and posterolateral
approaches are preferable for osteosynthesis of
the posterior edge of the tibia [21].

Congruence of the distal articular surface of
the tibia along with such factors as the initial
fracture dislocation and residual subluxation of
the talus after osteosynthesis is associated with
a higher risk of posttraumatic osteoarthritis.
According to a systematic literature review, the
overall incidence of degenerative changes in the
ankle joint is 33.5%. However, some authors note
that the size of the posterior edge fragment does
not affect the development of posttraumatic
osteoarthritis [2].

We evaluated the functional results of patients
in all three groups over time. The most significant
difference in the AOFAS and Neer scores was
observed at 24 weeks after the surgery. The
median scores of patients in the second and third
groups were significantly higher than in the first
group. This indicates a more favorable course
of the rehabilitation process in patients who
underwent open reduction of the posterior tibial
fragment. This statement is confirmed by the
functional results of the patients of the second
and third groups of our study, observed at 48
weeks postoperatively. A statistically significant
superiority over the first group was observed for all
corresponding functional parameters. In addition,
the values of the upper quartiles of the statistics
population of scores at 48 weeks postoperatively
indicate that a greater proportion of the patients
of the second and third groups compared to the
first group showed excellent functional results
(their AOFAS and Neer scores exceeded 90 points).

Foreign researchers studying the efficacy of
surgical treatment of patients with malleoli and
posterior tibial fractures via posterior approaches
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also obtained the values similar to those of our
study according to the AOFAS scale. Thus, S.
Zhong et al. reported that at the follow-up period
of 12 months the mean values in patients who
underwent surgery via posteromedial approach
were 92.5 points. In the posterolateral approach
group at the same period of time, the mean score
was 91.4 points [19]. L. Yang et al. evaluated the
functional outcome in patients with comminuted
ankle fractures after fixation of the posterior edge
of the tibia via the posterolateral approach. The
mean AOFAS score was 81.35+6.15 at 6 months and
90.56%4.98 at the final examination. The authors
did not specify the time of the final examination,
but based on the content of the publication, it was
more than 2 years after surgery [3].

Limitations

Distribution of patients by groups was not
randomized. Osteosynthesis in patients of the
same study group was performed by different
surgeons. The choice of surgical approach for
fixation of the posterior edge of the tibia was
determined by the operating surgeon on the
basis of his/her skills, clinical experience, and
radiologic picture. Insufficiently long follow-up
period does not allow us to assess the signs of
development of posttraumatic osteoarthritis.

CONCLUSIONS

The application of posterolateral or posteromedial
approach for open reduction and osteosynthesis
in the surgical treatment of patients with
comminuted fractures of the ankle and posterior
edge of the tibia allows for more accurate alignment
of the fragments of the articular surface compared
to closed reduction. In addition, patients who
underwent surgery using posterior approaches
demonstrate better mid-term functional results.

DISCLAIMERS
Author contribution

All authors made equal contributions to the study
and the publication.

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

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. The study was approved by
the local ethics committee of St. Petersburg
I.I.Dzhanelidze Research Institute of Emergency
Medicine, protocol No 10, 26.10.2021.

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

REFERENCES

1. Pilskog K., Gote T.B., Odland H.E.]., Fjeldsgaard K.A.,
Dale H., Inderhaug E. et al. Traditional Approach vs
Posterior Approach for Ankle Fractures Involving the
Posterior Malleolus. Foot Ankle Int. 2021;42(4):389-399.
doi: 10.1177/1071100720969431.

2. Odak S., Ahluwalia R., Unnikrishnan P., Hennessy M.,
Platt S. Management of Posterior Malleolar Fractures:
A Systematic Review. | Foot Ankle Surg. 2016;55(1):140-
145. doi: 10.1053/j.jfas.2015.04.001.

3. Yang L., Yin G., Zhu J., Liu H., Zhao X., Xue L.
et al. Posterolateral approach for posterior malleolus
fixation in ankle fractures: functional and radiological
outcome based on Bartonicek classification. Arch
Orthop Trauma Surg. 2023;143(7):4099-4109.
doi: 10.1007/s00402-022-04620-0.

4. Neumann A.P., Rammelt S. Ankle
involving  the  posterior = malleolus:  patient
characteristics and 7-year results in 100 cases.
Arch Orthop Trauma Surg. 2022;142(8):1823-1834.
doi: 10.1007/s00402-021-03875-3.

5. Haraguchi N., Haruyama H., Toga H., Kato F.
Pathoanatomy of posterior malleolar fractures of the
ankle. J Bone Joint Surg Am. 2006;88(5):1085-1092.
doi: 10.2106/JBJS.E.00856.

6. BartoniCek J., Rammelt S., TuCek M. Posterior
Malleolar Fractures: Changing Concepts and Recent
Developments. Foot Ankle Clin. 2017;22(1):125-145.
doi: 10.1016/j.fc1.2016.09.009.

7. EringS.,CamN.Does it matter the fixation method of the
posterior malleolar fragment in trimalleolar fractures?
Acta Chir Orthop Traumatol Cech. 2021;88(3):204-210.
(In English).

8. Belen’kii I.G., Maiorov B.A., Kochish A.Y., Sergeev G.D,.
Refitskii Y.V., Savello V.E. et al. Posteromedial Approach
in Fracture Fixation of Malleoli and Posterior Edge of
Tibia. Traumatology and Orthopedics of Russia. 2022;28(3):
16-28. (In Russian). doi: 10.17816/2311-2905-1800.

9. Belen’kii I.G., Maiorov B.A., Kochish AY., Sergeev G.D.,
Savello V.E., Tul’chinskii A.E. et al. Unstable Fractures
Osteosynthesis of Malleoli and Posterior Edge of the Tibia
Using Posterolateral Surgical Approach. Traumatology
and  Orthopedics of Russia. 2021;27(3):29-42.
(InRussian). doi: 10.21823/2311-2905-2021-27-3-29-42.

fractures

67 2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

10.

11.

12.

13.

14.

15.

16.

Kitaoka H.B., Alexander 1.J., Adelaar R.S.,
Nunley J.A., Myerson M.S., Sanders M. Clinical rating
systems for the ankle-hindfoot, midfoot, hallux,
and lesser toes. Foot Ankle Int. 1994;15(7):349-353.
doi: 10.1177/107110079401500701.

Neer C.S. 2", Grantham S.A., Shelton M.L. Supracondylar
fracture of the adult femur. A study of one hundred and
ten cases. ] Bone Joint Surg Am. 1967;49(4):591-613.
Tenenbaum S., Shazar N., Bruck N., Bariteau J.
Posterior Malleolus Fractures. Orthop Clin North Am.
2017;48(1):81-89. doi: 10.1016/j.0cl.2016.08.004.

Buckley R.E., Moran C.G., Apivatthakakul Th. AO
principles of fracture management. Stuttgart: Thieme;
2018.1120 p.

Vrahas M., Fu F., Veenis B. Intraarticular
contact stresses with simulated ankle
malunions. J Orthop Trauma. 1994;8(2):159-166.

doi: 10.1097/00005131-199404000-00014.

Papachristou G., Efstathopoulos N., Levidiotis C.,
Chronopoulos E. Early weight bearing after posterior
malleolar fractures: an experimental and prospective
clinical study. J Foot Ankle Surg. 2003;42(2):99-104.
doi: 10.1016/51067-2516(03)70009-x.

Voronkevich I.A., Kulik V.I., Lavrentyev A.V. Ergonomics
of osteosynthesis of “trimalleolar” fracture. Traumatology
and Orthopedics of Russia. 2002;(1):44-46. (In Russian).

17.

18.

19.

20.

21.

22.

23.

Wang Y., Wang J., Luo C.F. Modified posteromedial
approach for treatment of posterior pilon variant
fracture. BMC Musculoskelet Disord. 2016;17:328.
doi: 10.1186/s12891-016-1182-9.

Arrondo G.M., Joannas G. Complex Ankle Fractures:
Practical Approach for Surgical Treatment. Foot Ankle
Clin. 2020;25(4):587-595. doi: 10.1016/j.fc1.2020.08.002.
Zhong S., Shen L., Zhao ].G.., Chen J., Xie J.F., Shi Q.
et al. Comparison of Posteromedial Versus Posterolateral
Approach for Posterior Malleolus Fixation in Trimalleolar
Ankle Fractures. Orthop Surg. 2017;9(1):69-76.
doi: 10.1111/0s.12308.

Assal M., Dalmau-Pastor M., Ray A., Stern R. How to Get
to the Distal Posterior Tibial Malleolus? A Cadaveric
Anatomic Study Defining the Access Corridors Through
3 Different Approaches. J Orthop Trauma. 2017;31(4):
e127-e129. doi: 10.1097/BOT.0000000000000774.
Fernandez-Rojas E., Herrera-Pérez M., Vila-Rico J.
Posterior malleolar fractures: Indications and surgical
approaches. Rev Esp Cir Ortop Traumatol. 2023;67(2):160-
169. doi: 10.1016/j.recot.2022.10.019.

Drijthout van Hooff C.C., Verhage S.M., Hoogendoorn J.M.
Influence of fragment size and postoperative joint
congruency on long-term outcome of posterior
malleolar fractures. Foot Ankle Int. 2015;36(6):673-678.
doi: 10.1177/1071100715570895.

Vidovi¢ D., Elabjer E., MuSkardin LV.A., Milosevic M.,
Bekic M., Bakota B. Posterior fragment in ankle fractures:
anteroposterior vs posteroanterior fixation. Injury.
2017;48(5):565-S69. doi: 10.1016/S0020-1383(17)30743-X.

Authors’ information

< Igor’ G. Belen’kiy — Dr. Sci. (Med.)
Address: 3, Budapeshtskaya str., St. Petersburg, 192242, Russia
https://orcid.org/0000-0001-9951-5183
e-mail: belenkiy.trauma@mail.ru

Gennadii D. Sergeev — Cand. Sci. (Med.)
https://orcid.org/0000-0002-8898-503X
e-mail: gdsergeev@gmail.com

Yurii V. Refitskii
https://orcid.org/0000-0002-6437-6424
e-mail: yurl 140@yandex.ru

Boris A. Maiorov — Cand. Sci. (Med.)
https://orcid.org/0000-0003-1559-1571
e-mail: bmayorov@mail.ru

Viktor E. Savello — Dr. Sci. (Med.), Professor
https://0000-0002-4519-4844

e-mail: prof savello@emergency.spb.ru

68

2023;29(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWME MCCNEOOBAHWSA / CLINICAL STUDIES

HayuHas cratbs Iy ]
VIK 616.727.6-002-089
https://doi.org/10.17816/2311-2905-17288

CpeaHecpouHble pe3ynbTaTbl XMPYpPruuecKkoro e4eHus pusaprposa
MEeTOAAMMU UHTEPNO3ULMOHHOMW M CYCNEH3UOHHO-UHTEPNO3MLMOHHOM
apTpOonIaCcTUKK

K.A. Erma3zapss, I'K. ITapcagansy, [.C. Epmios, M.A. CKBOp1I0Ba,
A.TI. PaTbeB, A.B. AdbanacheB

@TIAQY BO «Poccutickuli HayuoHa bHblli uccnedosamenbckuti meduyuHckuti yuusepcumem um. H.U. I[Tupozosa»
Munsdpasa Poccuu, 2. Mockea, Poccus

Pedepar

AxmyansHocme. Pu3apTpo3 Hambosee yaCcTo BCTpeuaeTcs y JIOfel, ueit xapakTep TpyAa M aKTMBHOCTU acCOLMUPOBAH
C Harpyskoii Ha KucTb. Ha HauanbHbIX cTagusIX 3a6oneBanust 3pdeKTMBHBI KOHCEPBATUBHbIE METObI JeueH s, OLHAKO
Ha 6oJiee MO3OHMX CTAAMSIX OCHOBHBIM METOJIOM JieueHUs SIBJISIeTCSI OTlepaTMBHOEe BMelLIaTeNbCTBO. B TeueHMe mocieJHUX
JIeT 60/bIIYIO MOMY/SIPHOCTbh 3aBOEBAIN METOOMUKY Pe3eKIVMOHHOM MHTePIIO3MLIMOHHONM U pe3eKIMOHHO CyCIIeH3MOH-
HO-MHTEePIO3UIIMOHHOM apTPOIIaCTMKY MePBOTo 3alsICTHO-TISICTHOTO CYCTaBa, a Takke MX KombuHauuu. Ha maHHBII
MOMEHT OTCYTCTBYIOT COOOIIEHMSI O CPABHUTENbHBIX MCC/IeNOBaHMUIX 3()PEKTUBHOCTY ITUX METOLMK [0 OCHOBHBIM IIO-
Ka3aTessiM.

Llens uccnedosaHuss — CPaBHUTH PE3YJIbTATHI XUPYPrUUECKOTO JeueHus pusaptposa II-1V craguii MeTogaMu pe3eKIMOH-
HOI1 CyCIIeH3MOHHO-MHTePIO3ULIMOHHOM apTPOIUIACTUKM U Pe3eKLUMOHHO MHTePIO3ULIMOHHOM apTPOIUIaCTUKM I1epPBOTO
3amsICTHO-TISICTHOTO CYCTaBa.

Mamepuan u memodsl. B pOCIEKTUBHOE KOTOPTHOE MCC/IEOBaHMe OGbUIO BK/IIOUEHO 85 MAlMEHTOB C PU3apTPO30OM
I1-1V cTrafuii, KOTOPHIM GBLJIO BBITIOTHEHO 85 XMPYPruyeckux BMeNaTeabCcTB 3a nepuor ¢ 2017 mo 2022 r. ITanueHTsI 66111
pa3zesneHsbl Ha Be rPymIbl. B mepBoii rpymme (52 maiyeHTa) BHIOTHSIIM Pe3eKIMOHHYIO CYCTIeH3MOHHO-MHTePIIO3UIIVIOH-
HYI0 apTPOIUIaCTUKY [1ePBOTO 3aMSICTHO-IISICTHOTO CYCTaBa I10 OPUTMHAIbHOM MeTOMKe, BO BTOPOJA rpyIire (33 maiueHTa) —
pe3eKLUMOHHYI0 MHTEPIO3ULMOHHYIO apTPOIIAcTUKY. DPIeKTUBHOCTb XUPYPTUUECKOTO JIeUeHUsI OL@eHUBAIN TI0 Pe3yilb-
TaTaM OLIeHKM MHTEeHCUBHOCTU 60jeBOTo cuHIpomMa no BAII, BocctaHOB/IeHMST QYHKIMYM BepXHeli KOHEYHOCTH IO IIKaje
DASH, nsMmepeHMsi pacCTOSTHMSI MeKy OCHOBaHMEM IePBOIi MSICTHOM KOCTY U JUCTAIbHBIM MOTIOCOM JaAbeBUIAHOM KOCTU
Ha peHTreHorpaMMax B IPSIMOIL TPOeKLMK U YBeTMUeHUs CUITbl LMIMHAPUYECKOTO XBaTa MopaskeHHO KMCTK yepe3 12 mMec.
10cjIe OTIePaTUBHOTO BMeLIaTelbCTBa.

Pesynemamest. Yepes 12 mMec. TocyIe iedeHnsI B IEPBOIi IPYIIIE 10 CPABHEHMIO CO BTOPOI TPYIINOi MOKa3aTenu ObUIH JIy-
ue: Ha 73% no mkane DASH (p<0,01); Ha 76% mo BAILI (p = 0,000), Ha 60% npu oLjeHKe CUJIbI LWIMHAPUYECKOTO XBaTa
(p = 0,010); Ha 30% TipM OlLleHKe PACCTOSTHUSI MeX1y OCHOBAHMEM IepBOJi MSICTHO KOCTU U AUCTaJIbHBIM MOTIOCOM JIafbe-
BUIHOI KocTu (p<0,01).

3axnoueHue. Pe3eKLMOHHAsI CYCIIEH3MOHHO-MHTEPIO3MLIMOHHAS apTPOIUIaCTMKA MePBOTO 3alsICTHO-TISICTHOTO CyCTaBa
sirsieTcs 6oree 3G deKTUBHOI, UeM pe3eKLUMOHHAs MHTEePIIO3UIMOHHAsI apTPOIUIACTUKA, 110 CAeLyI0UM MoKa3aTelsIM:
KyIMPOBaHUIO 60JIEBOTO CMHAPOMA, YIyUIlleHNI0 GYHKUMY U CUIIbI IVJIMHIPUUYECKOTO XBaTa MOpaskeHHO KUCTH, COXpaHe-
HUIO PACCTOSIHMSI MesKIIy OCHOBaHMeM IMepBOii MICTHOM KOCTU U JUCTAIbHBIM IOMTI0COM JIaJbeBUIHOM KOCTU.

Kiawouessbie ciioBa: pmn3apTpo3, 0OCTe0apTpO3 MepBOro 3aIrACTHO-IISICTHOTO CYyCTaBa, MHTEPIIO3MIIMOHHAA apTPOIIaCTMKa,
CYCITIEH3MOHHAA apTPOIIaCTUKA, XUPYPIUSI KUCTU.

Onsa uutupoBanmusa: ErmaszapsH K.A., IlapcagansH TI.K., Epmos [.C., CkBopuoBa M.A., PatbeB A.Il.,
AdanacreB A.B. CpemHecpouyHbIe Pe3yJbTaThl XMPYPrUYeCKOTO JIEUeHUS] pU3apTpo3a MeTOAAMM MHTEPIIO3UIVIOH-
HOV U CYCIIeH3MOHHO-MHTEePIO3UIIMOHHON apTporuiacTuku. Tpasmamonozust u opmonedus Poccuu. 2023;29(4):69-77.
https://doi.org/10.17816/2311-2905-17288.
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Mid-Term Results of Surgical Treatment for Rhizarthrosis Using
Interposition and Suspension-Interposition Arthroplasty

Karen A. Egiazaryan, Gaik K. Parsadanyan, Dmitry S. Ershov, Mariya A. Skvortsova,
Andrey P. Ratiev, Aleksei V. Afanasiev

Pirogov Russian National Research Medical University, Moscow, Russia

Abstract

Background. Rhizarthrosis is most commonly observed in individuals whose work and activities involve heavy use of the
wrist. Conservative treatment methods are effective in the early stages of the disease, but in advanced stages, surgical
intervention becomes the primary treatment approach. In recent years, resection interposition and resection suspension-
interposition arthroplasty techniques for the first carpometacarpal joint have gained popularity. However, there is a lack
of comparative studies on the effectiveness of these techniques based on key indicators.

The aim of this study was to compare the results of surgical treatment for stages II-IV rhizarthrosis using resection
suspension-interposition arthroplasty and resection interposition arthroplasty of the first carpometacarpal joint.
Methods. This prospective cohort study included 85 patients with stages II-IV rhizarthrosis who underwent surgery
between 2017 and 2022. Patients were divided into two groups. In the first group (52 patients), resection suspension-
interposition arthroplasty of the first carpometacarpal joint was performed using an original technique. In the second
group (33 patients), resection interposition arthroplasty was performed. The effectiveness of surgical treatment was
assessed based on the intensity of pain using the Visual Analog Scale for Pain (VAS), upper limb function recovery
assessed with the Disabilities of the Arm, Shoulder, and Hand (DASH) scale, measurement of the distance between the
base of the first metacarpal bone and the distal pole of the trapezium bone on anteroposterior X-rays, and an increase
in grip strength of the affected hand at 12 months postoperatively.

Results. At the 12-month follow-up, the first group showed superior results compared to the second group: a 73%
improvement in DASH score (p<0.01); a 76% improvement in VAS (p = 0.000); a 60% increase in cylindrical grip strength
(p =0.010); and a 30% improvement in the measurement of the distance between the base of the first metacarpal bone and
the distal pole of the trapezium bone (p<0.01).

Conclusion. Resection suspension-interposition arthroplasty of the first carpometacarpal joint is more effective
than resection interposition arthroplasty in terms of pain relief, improvement in function and grip strength
of the affected hand, and preservation of the distance between the base of the first metacarpal bone and the distal pole
of the trapezium bone.

Keywords: rhizarthrosis, first carpometacarpal osteoarthritis, interposition arthroplasty, suspension arthroplasty,
hand surgery.
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BBEJTEHUE

Hab6miomaromiascss Bo BceM Mupe TeHAEeHIMS K yBe-
JIMYEHUIO TTPOIO/KUTENBHOCTHU KU3HU CTIIOCOOCTBYET
MOBBIIIEHNIO YacTOThl 3ab0ieBaHMIT OIMOPHO-ABU-
raTeJbHOTO ammapara, XpoOHMYeckoit 601y U MHBA-
JUIOHOCTY B 061Ieit nomynsaiuu aopeit [1, 2]. K nau-
6osee PaCIpOCTpPaHEHHBIM 3a00Je€BaHMUSIM KUCTU
y s, crapiie 60 leT OTHOCUTCS OCTe0apTPO3 MepPBO-
ro 3aIsiICTHO-TISICTHOTO cycTaBa (pu3apTpo3s), KOTO-
pbIit MposiBisieTcsl 60/bl0, C1abocThio U medopma-
LMeli MepBOTO Majblid, YTO 3HAYMUTENBbHO CHIDKAET
KaueCTBO >KM3HM IalMeHTOB [3, 4]. [1aBHOI 1enbio
JieyeHUsl JAHHO MaTOJIOTUM SIBJISIETCS KYIIMpPOBaHue
60J1eBOT0 CMHIpOMA ¥ BOCCTAHOBJIeHNe (QYHKLINY 110-
pakeHHOTO cycTaBa. [Ipy onpeneneHU TaKTUKU Be-
IleHUs MalMeHTOB YUUTHIBAIOTCS Takue (PakTopbl, KaK
BO3DAcCT, COMYTCTBYIOIIME 3a60/eBaHus, Tpodeccuo-
HaJbHbIe TTIOTPEOHOCTU U CTaMs TeUeHUs TTaTOMOTH-
yeckoro mnpoiiecca [5]. HecmoTpst Ha 9¢pbeKTUBHOCTD
KOHCEPBATUBHbBIX METOLOB JIeUYeHMSI JIETKOI CTeleHU
pu3apTpo3a, Ipu Mo3gHeM o6palleHn! MaueHToB 3a
MeAVLVHCKOIM MTOMOIIbI0O OCHOBHBIM BapMaHTOM $IB-
JISIeTCsl XUpypruuyeckoe jeuyeHue [6].

3a MHOTOJIETHIOIO MCTOPUIO JIeueHUs pu3apTposa
6bLTIO TIpeJIOKEeHO O60bILIOe KOMMUECTBO XUPYypTruye-
CKMX METOAVK JIeUeH NS, OHAKO OOMbIIMHCTBO U3 HUX
He IMPUBOJST K CTOMKOMY YIYUIIEHUIO COCTOSIHMS TTa-
I[MEeHTOB, UTO OOBSICHSIET OTCYTCTBME Ha AAHHBIN MO-
MEHT 30JI0TOTO CTaHapTa XUPYyPruueckoro pelieHnst
IIaHHO1 pobeMsl [7].

B nociegHme rofbl 60/1bINYI0 MOMYISIPHOCTD 3aBOe-
BaJIM METOAVKU Pe3eKUMOHHO MHTEPIO3ULIMIOHHOI
M Pe3eKUMOHHONM CYCIIeH3MOHHOI apTpOIIaCTUKU
MepBOro 3arsICTHO-TISICTHOTO CyCTaBa U MX KOMOM-
Hanuu. Llenblo 3TUX METOOMK SIBJSIETCS COXpaHEHMeE
KOPPEKTHOIO IOJI0KEHUSI OCHOBAHMS MEPBON MSCT-
HOI1 KocTu. Cy)keHMe pacCTOSIHUS MeXAy OCHOBaHMEeM
TIepBO1 MSICTHOM KOCTY U OVICTAJIbHBIM I1OJIFOCOM J1a-
IbEBUIHON KOCTU IOC/IEe M30AMPOBAHHOI Tpamnenm-
SKTOMUM IIPUBOIUT K PeLIMAMBY 607€BOTO CMHIPOMA,
YKOPOUEHMIO MBIIIL] BO3BBIIIEHMS IEPBOTO MHaablia U
3HAUUTEIbHOMY COKpalLIeHUIO MPOLO/IKUTENbHOCTU
MOJIOSKUTENbHOTO 3¢ dexTa neueHus [8].

Cyl1ecTBYIOT MCC/IeOBaHMS, aHAJIM3UPYIOLIeE pe-
3y/lIbTaThl NPUMEHEHMUS BBIIIEONMCAHHBIX METOIMUK,
OJTHAKO OHM He COmepskaT AAHHBIX 00 OJHOBpPEMEH-
HOM CpaBHEHMM TaKMX OCHOBOIIONAraroliyux noxkasa-
Teseit, Kak 601IeBOil CMHIPOM, CMJIA HVIVMHIPUIECKO-
0 XBaTa KUCTU M BOCCTAHOBJeHMe (PyHKIMYU BepXHeii
KOHeuHoCTH [9, 10, 11,12, 13].

Ilenv uccnedosauuss — CpaBHUTDH CPeIHECPOUHbIE
pe3yabTaThl PE3eKUMOHHON CYyCIIEH3MOHHON MHTEp-
MO3UIMIOHHOM apTPOMJIaCTUKM U PEe3eKIVMOHHOM MH-
TEPHO3ULMOHHOI apTPOIIaCTUKM TIepBOro 3arlsiCT-
HO-TISICTHOTO CyCTaBa Y IMAlMEHTOB C PU3apTPO30M
II-1V cragmii.

MATEPHAJI 1 METO/IbI
JIu3aiil ucciegoBaHusa

B mpocriekTVBHOE KOTOPTHOE MCCaenoBaHue ObUIo
BK/IIOUEHO 85 TaIMeHTOB, TOCMUTAIU3UPOBAHHBIX
IIJISI TUIAHOBOTO OTIePaTUBHOTO JIeYeHUSI pu3apTpo3a
B KB N229 mm. H.D. BaymaHa (KIMHUYECKO} 6Gasze
Kadenpbl TPaBMATOJOTMM, OPTOIENUM U BOEHHO-
nonesoit xupyprun PHUMY um. H.U. [Muporosa) 3a
nepuop c 2017 mo 2022 1.

MMamyeHTsl OBUIM pasgeneHbl Ha OBE TPYIIIbI.
B nepByio Bouum 52 yenoBeka, BO BTOpYIO — 33 Ipym-
Tibl. B mepBoii rpymrie maueHTaMm MpOBOAUIN pPe3eK-
IIMOHHYI0 CYCIIEH3MOHHYI0 MHTEPIO3UIIMOHHYIO ap-
TPOIUIACTUKY TE€PBOTO 3amsICTHO-MSICTHOTO CyCTaBa.
Bo BTOpOIi rpymnne npuMeHsach pe3eKIMOHHAsT UH-
TepO3UIIMOHHAS XUPYypruueckass TeXHUKA JIeUeHUs
pusaprposa.

Kpumepuu exntoueHust:

— BO3pacT NalyeHToB OT 35 70 75 neT;

— UAMONATUYeCKUt 0CTe0apTPO3 IepBOro 3arsiCT-
HO-TISICTHOTO cycTaBa kuctu [1-1V ctaauii mo kmaccu-
¢dukanusam Eaton-Littler [14] u Kellgren-Lawrence
[15];

- He3hGeKTUBHOCTh KOHCEPBATMBHOIO JIeUeHMUSI
B TeueHue 3 u 6oyiee mMec.

Kpumepuu Hesr10UeHUSI:

— TOCTTpaBMAaTUUECKUI M apTPUTUYECKUil Xa-
paKkTep TMOBpeXAeHUS MEepPBOT0 3amsICTHO-TISICTHOTO
CyCTaBa;

— aKTUBHBII BOCTIAIUTEIbHBIN IPoLecc B 06/1acT
TUIAaHUPYEMOTO OTIePaTUBHOTO BMellIaTeabCTBa;

— TsDKeJIble coMaTuyecKue 3a6ojeBaHmii B CTaaun
IeKOMIIeHCalluu;

— Tmcuxuyeckue 3abojieBaHMS, 3aTPYIHSIONIME
MPOAYKTUBHBIM KOHTAKT IalMeHTa C BpauoM.

IManmeHTHI

[TauyeHTsl GbLIM COMOCTABMMbI 10 BO3PACTy, IOIY,
CTaZIy MAaTOMOTMUYECKOTO MPOIiecca M CTOPOHE Mmopa-
skeHus (p>0,05).

XapakTepucTuKa IIalyieHTOB II€PBOi M BTOPOIi
TPYIIII IIpefcTaB/ieHa B Tadmie 1.
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Tabnuya 1

PacnpeneneHue nmanyMeHTOB 10 BO3PAcCTYy, MOy, CTaAMM IIaTOJIOTMYECKOro mpoiecca
M CTOPOHE IOPasKeHMSs

ITepBas rpynmna Bropas rpynrma
ITokasaTesb (n=52) (n=33)
abc. % abe. %
[Mon
MY>KUMHBI 6 12 5 15
SKeHIIVHbI 46 88 28 85
Bospacr, net
35-50 5 9,6 4 12,1
50-60 30 57,7 20 60,6
60-75 17 32,7 9 27,3
Craiust ocTeoapTpo3a IepBOro 3arsiCTHO-TISICTHOTO CycTaBa
o knaccuduranusim Eaton —Littler u Kellgren —Lawrence
II cragus 9 17,3 5 15,1
III crapyis 28 53,8 17 51,5
IV cragus 15 28,9 11 334
CTOopoHAa mopaykeHMsI
rpaBasi pyka 16 30,7 11 33,3
JeBas pyka 36 69,3 22 66,7
p>0,05.

Xupypruueckasi TeXHMKa

[Ipu XMpyprmuyeckom JeyeHUu IMaLMeHTOB I1epBOii
IPYIIbI UCIIO/Ib30BAJIaCh OPUTMHA/TIbHASI METOAMKA
PEe3eKIMOHHOM CYyCIeH3MOHHOV WMHTEePIO3UILIMOH-
HOJl apTpOIIaCTUMKU IE€PBOro 3alsiCTHO-IISICTHOTO
cycraBa (maTeHT Ha u3o6peteHne N2 RU 22745251 C1
«CI10c06 XMPypruveckoro jgedeHus naedopMUPYIO-
1Iero apTpo3a MepBoro 3amsiCTHO-MSICTHOTO CyCTaBa
KUCTU»). B KauecTBe CyXOKMIbHOTO ayTOTPaHCIUIAH-
TaTa OJisd MHTEPIIO3UIVMOHHOTO KOMIIOHEHTA apTpoO-
IUIACTUKM MCIOJIb30BAJIM JTYYEBYIO MOJOBUHY CyXO-
skuus aydeBoro crubarens 3amsictbs (FCR — flexor
carpi radialis). KitoueBbIM OTIMYMEM METOIVKU
SIBJISIZIACh CYCIIEH3MOHHAsl TeXHMKA, 3aK/IHYvarouasi-
cs B ukcammMyu OCHOBAHMS MEPBON MSICTHOV KOCTU
K cpemHeil TpeTu auadusa BTOPOI MSICTHOM KOCTU
oz, yriiom 40-50° B O/IO’KeHUM MaKCUMAaTbHOTO OT-
BeZleH!s MepBOro najiblia C UCIOJb30BaHMEM HUTU
C IIyrOBUIIEN, IPOBEAEHHON OT OCHOBAHMUS IepPBOIi
MSICTHOM KOCTM K cepenuHe nuadusa BTOPOi MSICT-
HOJ1 KOCTY € TIOMOILbIO CITUIIbI-TTIPOBOJHMKA.

Bo BTOpOI1 rpyIilie BBIMOJHSIIN PE3EKUMOHHYIO
MHTEPIO3UIMOHHYI0 apTPOIUIACTUKY I€PBOrO 3a-
MSICTHO-TISICTHOTO CYCTaBa.

PeabunuTanioHHasi — IporpaMMa  MallMeHTOB,
BK/IIOUEHHBIX B MCCAeOBaHMe, ObUIa OOMHAKOBOM
B 06euX TPYIIax U MPOBOAWIACH IO, KOHTPOJIEM CIIe-
LMaanCTa M0 KUCTEeBOI Tepanumu.

O1eHKa pe3y/IbTaTOB

Ilo onmepaTMBHOTrO BMeNIaTeIbCTBA, a TAKKe uepes 3, 6
u 12 mec. 1ocse Xupypruyeckoro jeyeHus: OLeHBanm
clieyrolye apameTphbl:

- (GYHKIMOHAIBHOE COCTOSIHME KUCTU — TIO IIKa-
Jle UCXONOB M orpaHmyeHuss QYHKIUM PYKH, TUIeua
u kuctu — DASH (Disability of the Arm, Shoulder and
Hand Outcome Measure);

— MHTEHCUBHOCTH 6O0JIEBOTO CMHIpPOMa — IO BU-
3yaJIbHOM aHa/IoroBoii mkasne (BALI);

— CUYy LUWIMHAPUYECKOTO XBaTa KUCTU — MPU
nomouu pyuyHoro nauHamomerpa MEI'EOH-34090
(Poccus).

IJjis1 OlleHKM pacCTOSIHUSI MeXIy CepeiuHOi oc-
HOBAHMS II€pPBOJM MSCTHOM KOCTU UM OUCTAJIbHBIM
TIOIIOCOM JIaJIbeBUIHOM KOCTU BBITIONHSUIM PEHTTe-
HOJIOTMYECKOe VCCAeA0BaHMe B IPSMOI M GOKOBO
MPOEKIUSIX 10 OTlepaTUBHOTO BMeIaTe/lbCTBa, uepes
IeHb 1 cnycTs 12 Mec. 1ocye onepauyn.

MUHMMa/IIbHOM KJIMHMYECKM 3HAYMMOM pas-
Huteii (minimal clinically important difference —
MCID) nmyis miokasaTeseli orpaHMYeHus JTeecrocoo-
HOCTM BepxHeli KOHeuHOCTM no wmkajse DASH [16]
CUMTaJIOCh yMeHblleHne Ha 10,83 6Gasa, mokasa-
Tesneit 6omu o BAI [17] — cHmukeHMe Ha 3 6asna,
rokasaTejeit CUIbl IMIMHAPUYECKOro XBaTa mopa-
sKeHHOM kucTu [18] — yBennueHue Ha 6,5 KT.
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CraTucTHUYecKuii aHaans3

Iy aHaIM3a U CTaTUCTUYECKOI 00pabOTKM MOMyYeH-
HBIX Pe3y/bTaTOB MCITOMb30BaIM Iporpammy Microsoft
Excel. I KoMMYeCcTBEHHBIX ITapaMeTPOB BbIUMCIISIIN
CpefHMe 3HAUEHMS U CTAaHAAPTHbIE OIIMOKM CPeTHUX.
[Ipy oOlLieHKe CTaTUCTUYECKON 3HAYMMOCTU pasiu-
UMl MeXAY MCcaeayeMbIMUM IPYTIaMy MUCIIOIb30BaI-
Csl HemapaMeTpuyeckuii Kputepuii MaHHa-YUTHU,
pY CpaBHEHMM ITOKa3aTeseil OJHOM IPYIIbI Ha pas-
HBIX JTarax HaOIIomeHUsT — KpUTEepuil YMUIKOKCOHA.
Kputnueckuii ypoBeHb JOCTOBEPHOCTU HYJIEBONM CTa-
TUCTUYECKOV TUIIOTE3bI MpUHMMaIM paBHbIM 0,05.

PE3VJIBTATDBI

[lepen, omepaTMBHBIM BMeIIATEIbCTBOM BBITIOIHS-
J1aCh OlleHKa GYHKIMM MTOPAKEHHOM KMUCTY TI0 IIKaJIe
DASH. B niepBoii rpyIine gaHHBIV OKa3aTelb COCTa-
B 45,1 6amta, Bo BTopoii rpyrme — 48,5 (p = 0,342).

Yepes 3 mec. mociae XUPYpPrUUYECKOro JieueHUs
y MalXeHTOB MepBO¥ IPYIIbl OTMEYaI0Ch CTaTUCTHU-
YyecKM 3HauMMoOe yiydireHue Ha 53% (21,3 6asa)
(p<0,01), BO BTOpOII TpymIie — Ha 54,5% (22,1 6ana)
(p<0,01), cTaTUCTUYECKM 3HAUMMBbIE PA3TINUUSI MEKITY
rpynmnamu oTcyTcTBoBain (p = 0,729). Ilo ncreueHun
6 MecC. TOoCae XMPYPruueckoro JiedeHus B TEPBO
I'pyIIIie Hab/II0IAI0Ch TaIbHEIIIee yayJlleHue QyHK-
LMOHAIBHBIX [TOKa3aTesneii — Ha 35% OT MCXOIHOIrOo
ypoBHs (p<0,01). YnyuiieHue mpu CpaBHEHUM C TTIOKA-
3aTensiMu, MOJTyYeHHbIMM BO BTOPOI TpyIiIe, cocTa-
B0 25% (p = 0,001). OmHAKO pas3januus IO CpaBHe-
HUIO C A0OMEePalMOHHBIM YPOBHEM OKa3aiMCh MeHee
cylecTBeHHbIMU — Ha 55% (p<0,01) — dopmupoBa-
HMe TIaTO B AMHAMMKe ITOKasartesei GYHKIMMU T0-
pakeHHOI KuUCTU. [Ipn olieHKe yepe3 12 mec. ¢ MO-
MEHTa OTepanuy B IIepBOIi IPYIIe ObUTY BbISBIEHbI
Hauayulue nokasatenu 1o mkaae DASH — Ha 80%
OT UCXOOHOTO0 YpoBHS (p<0,01). Bo BTOpOII rpyIime Ha
IIAaHHOM 3Talle yayullleH/e OCTaBajloCh CTaTUCTUYe-
CKM 3HAUMMBbIM, HO COCTaBUJO juiib 32% (p<0,01).
IIpy cpaBHeHMM (QYHKUMOHAIBHBIX ITOKa3aTesei
y IalMeHTOB IIEPBOI ¥ BTOPOI1 IPyIIII GblTa 06HAPY-
’KeHa CTaTUCTUMYeCKM 3HauMMasl pasHulla, KOTopas
cocraBuna 73% (p<0,01).

MCID mo mkane DASH B mepBoii rpyriie ObLia
nmocturayTa B 50 (96%) ciaydasx, B TO BpeMs KakK BO
BTOpOI1 rpymne — juiib B 20 (60%). AHanusupys ou-
HAMMKY ITOKasarejieil QyHKUUM IOPaskeHHO KUCTU
B IIOCJIEOIIePAIIIOHHOM Tepuofe 3a 12 mec. HabmI0-
JleHVsI, MOSKHO OTMETUTb, UTO Yepes 3 Mec. MocJie Xu-
PYPTMUECKOTO JIeueHMsI TTI0Ka3aTean B 06e1x rpyrimax
OBLIM COTIOCTaBMMBbI ¥ JE€MOHCTPUPOBAIM KIMHUYE-
ckoe ynyunieHue. OOHAKO B CJlyyae MCIO/Ib30BaHMS
CYCITEH3MOHHO TeXHUKY (IlepBas TpyIia) Habmoma-
Jlach JasnbHelilas IMoJoXKUTeIbHasl AMHAMMUKa, B TO
BpeMsI KaK BO BTOPOJi I'PyIITie yaydllleHue 1o CpaBHe-
HMIO C JOOIepalMOHHbIM YPOBHEM OCTaBajloCh CTa-
TUCTUYECKM 3HAUMMBIM, OJHAKO TTOKa3aTeau CHU3U-

JIXCh IO CPAaBHEHMIO C TTPeAIAYIIVIMI KOHTPOAbHBIMU
CpoKkaMu B 3 1 6 mec.

O1eHKa WHTEHCUBHOCTM 6O0JIEBOTO CUMHIpPOMA
0 omepaTUMBHOro BmemartenbcTBa no BAI mokasa-
Jla, 4TO B IEPBOI TpyIle JaHHBIA ITOKa3aTelab COC-
TaBUJI 6,6 6a/VIOB, a BO BTOPO¥ Ipyriie — 6,4 6aia
(p = 0,373). [Ipu ompeneneHuy ypoBHSI 60U depes
3 Mec. Mocjie XUPYPruueckoro JeueHus: OblIa oTMe-
YyeHa TMOJOXKNUTENbHASI AMHAMMKA B 00eMux TPyIIax:
B IIEPBOJ IPYIIIIE yIIydileHue cocTaBmio 75% (p<0,01),
BO BTOpOIJ rpymne — 74% (p<0,01), mosyyeHHbIE JaH-
Hble contocTaBuMbl (p<0,01). Uepes 6 mec. mocie jieye-
HMSI ObIJIO OTMEUeHO COXpaHeHMe MTOTOKUTeTbHOM K-
HaMMKM B TIEpBOJ TpyTINe: yiay4dlleHe IO CPaBHEHUIO
C IooTepalOHHbIMM TTOKa3aTeasIMu COCTaBuiIo 78%
(p<0,01), BO BTOpPOJI TpyIie MoKasaTeJau 3HAUUTENb-
HO He uM3MeHuIuch (riato) — 74% (p<0,01), pasnu-
Yyl MEKAY ITOJIyYeHHbIMM TToKa3aTensamu (25%) Ho-
CST CTaTUCTUUECKM 3HAUYMMBbIN xapakTep (p = 0,022).
[Ipy KOHTpPOABHOM MCCIedOBaHMM Yepe3 12 mMec.
B IIepBOIi IpyIIIie YpOBEeHb 6OEBOr0 CHMHApPOMA COC-
TaBui 16% ot ucxogHoro (p<0,01), BO BTOpPOI rpyII-
e — 58% (p<0,01). Pasnuumst Mmexxmy McciiemyeMbIMu
TpynIiamMm OCTaBaJUCh CTaTUCTUUECKM 3HAYMMBIMU,
pe3yabTaThl B MEPBOI IPyIIie oKa3aanuch B 4,2 pasa
JIyullle ToKa3areseil, IoJTyYeHHbIX BO BTOPOI rpyIine
(p<0,01). B mepBoii rpymrie 3a 12 mMec. HaGIIOOEHUS
MCID 1o BAIII 6pu1a mocturayTta y 50 (96%) maryeH-
TOB, B TO BpeMsI Kak BO BTOPOIi rpymie — y 16 (53%).
AHanm3 rokasatTesieil ”HTeHCUBHOCTM 60JIeBOTO CUH-
IpoMa B Iepuop HaOMIoAeHUs TeMOHCTPUPYeT aHa-
JIOTMYHYI0 JMHAMUKY: Uyepe3 3 Mec. M0ocjie XUPYpPru-
YeCKOro JIeUeHMsI ToKasaTesin B 06eux rpyriax obLim
coroctaBuMbl. OJHAKO B MOUIEAVIOLIEM B IEPBOI
TpyIire HabTI0aMI0Ch AaTbHelilee yryJllieHne moKa-
3aTesiei, B TO BpeMs Kak BO BTOPOJ TpyIire, HeCMOTPSI
Ha CTaTUCTUYECKM 3HauMMoOe yiydllleHue 10 CpaB-
HEHMIO C JOOTepalMOHHbIM YPOBHEM, TPOUCXOIMUIIO
MOCTeTNIeHHOe yCuIeHe 60IeBOr0 CMHIpPOMA B CpaB-
HEHUM C paHee TOJIyUeHHbIMU MOCIeoTepaliOHHbI-
MU pe3y/lbTaTaMu.

[Tpu moCTyIIeHMM B CTAIMOHAP TaKke ObLIO BbI-
TOJIHEHO M3MepeHMe CUJIbI IMJIMHAPUUYECKOTo XBaTa
KUCTU MPU TIOMOLIM PYYHOTO IMHaMOMeTpa: B Iep-
BOJ TPYyIIIe AAHHBIA ITOKas3aTejlb cocraBwi 15,7 Kr,
BO BTOpoOIJi rpyrme — 15,4 kr (p = 0,325). Uepes 3 mec.
T10CJIe OTIepaTMBHOTO BMeIlaTe/IbCTBa B [IEPBOJA TPYII-
e yaydiieHue coctaBmio 20% OT MCXOOHOTO YPOBHS
(p<0,01), Bo BTOpOII rpyrme — 25% (p = 0,001), pas-
JIMUMST MEXKAY TPyINIaMy HOCUIIM CTATUCTUYECKU He
3HauuMbIii xapakrtep (p = 0,011). [Tpy mOBTOpHOM MC-
caremoBaHuy (6 Mec.) 6bII0 0OHAPYKEHO, UTO B ITEPBOIL
rpymre cuiaa UWIMHAPUYECKOTO XBaTa MOpaskeHHOM!
KUCTU yBeIUYuaach Ha 33% OT MCXOOHOrO YpPOB-
Hs (p<0,01), B TO BpeMsi KaK BO BTOPOJ IpyIilie — Ha
20% (p = 0,002), mokasaTean ObLIM COTIOCTABUMbBIMMU
(p = 0,013). B nmepBoii rpymrie cuia UMIMHAPUUECKO-
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ro XBaTa MOPaKeHHOI KUCTU OOCTUI/IA CBOErO MakK-
CMMaJIbHOrO 3HaueHMs 4yepe3 12 Mec. HAOIIOmEHUS
U cocTaBuaa 26,2 Kr, yaydllleHue COCTaBUI0 67% OT
moorepanoHHoro nokasarenst (p = 0,006). Bo BTO-
poii TpyIine cuia HUAMHAPUIECKOTrO XBaTa COCTaBmIa
16,4 xr (Ha 7% BbIIIe ucxomuoro) (p = 0,357). Ilpu
CpaBHeHUM TIOMYYEHHBIX OAHHBIX ObLIO ITOKAa3aHO,
YTO B IMIEePBOI TpyIiNe cuia UUIMHAPUIYECKOTO XBaTa
TMOPa’KeHHOM KUCTM OKasajach Bbillie Ha 60%, yem
BO BTopoii rpyrmrme (p = 0,010). MCID oTHOCUTENb-
HO TOKa3aTeJieil CUJIbI IIOPaKeHHOM KUCTU B MePBOii
rpyIe 6buta JOCTUTHYTA Y 32 (61%) mannueHToB, BO
BTOPOI1 TpyIllie — TOJABKO Yy ogHOro mnauueHta (3%).
AHanu3 nokasaresel CUIbl UUJINHIPUYECKOTO XBaTa
MOPasKeHHOM KUCTU IIPU MOMOILIYM PYYHOTO IMHAMO-
MeTpa CITyCTs 12 Mec. moKasaa CXOAHble M3MEHEeHUS
B IepBOIi I'pyrIie HaOIIOJAETCST ITPOorpeccupyloliee
yiIydllleHMe CUJIOBBIX TlOKa3aTeseil B TeueHUe Bce-
ro IMoc/jieonepalnyioHHOr0 Meproaa, B TO BpeMs Kak
BO BTOpOIJi TpyIllle CliepBa OTMeuaeTcsl yaydlleHue
(3 1 6 Mec.), a K KOHITY HaOJII0IeH s TTOKa3aTesu ObUIi
COTIOCTaBMMBbI C pe3y/lbTaTaMM, IOTyYEHHBIMU [0
MPOBELEHHOTO XUPYPIrUIYECKOro JieueHus.

[Ipu olieHKe pacCTOSIHMS M€eXKAY OCHOBaHMEM Iiep-
BOI1 TISICTHOJM KOCTU M OMCTaJbHBIM ITOJIFOCOM JiaJbe-
BUIHOM KOCTY Mepef, XUPYPTrUIeCcKUM JieueHeM ObLn
MOJTy4YeHbI CIeyIoliye roKas3aTeu: B IepBOii rpyIie =
14,6 MM, Bo BTOpOII rpymrie = 14,8 mm (p = 0,979). ITpn
KOHTPOJIbHOM PEHTIe€HOJIOTMYECKOM MCC/IeJOBaHUN
yepe3 12 Mec. mowie OINepaTMBHOIO BMeIAaTeIbCTBa
B IIepBOii TpyIIle [OaHHBI [OKa3aTelab COCTaBUII
12,8 mm, T.e. Ha 12,3% MeHbIlle MCXOOHOIO 3HAYEHMUSI
(p = 0,887), BO BTOpOII rpyrne — 9 mm, T.e. Ha 38,8%
HIDKE TI0 CPaBHEHMIO C JOOMNEepalMOHHBIM YPOBHEM
(p = 0,556). IIpy cpaBHEHUM ITOJYUYEHHBIX pe3y/IbTa-
TOB OBLIO BBISIBJIEHO, UYTO B TIEPBOI TPYIIIEe MTOKa3aTe-
JIV OKa3ajauCh JyYllle TOIyYeHHBbIX BO BTOPOI TpyIllie
Ha 30%, pasanuust MeXXIY HUMM ObUIM CTaTUCTUIECKU
3HauumbiMu (p<0,01). TlosyyeHHbIe OAHHbIE CBUAE-
TEJbCTBYIOT 00 35(PGeKTMBHOCTM NpPUMEHEHUS pe-
3€KLVOHHOM CYCIEeH3MOHHOM MHTEPIIO3ULIMOHHOM
apTPOIVIaCTUKM C TOYKM 3PEHMSI COXpaHeHUs pac-
CTOSIHMSI MEXIY OCHOBaHMEM MepBON MSCTHOM KOCTU
Y IUCTaJIbHBIM TIOJIIOCOM JIaAbeBUAHOM KOCTU B TeUe-
Hue 12 Mec. ITocIeonepauyOHHOTO HaOII0aeHMSL.

OTpuLaTeNnbHYI0 OIMHAMUKY PE3YJIbTaTOB BO BTO-
poii rpyrmire (6e3 CyCIieH3MOHHOW MEeTOAVKM) MOKHO
OOBSICHUTh IIOCTENEHHOM MPOKCUMAIbHONW MMUIpa-
LMeli OCHOBaHMS IePBOIA IISICTHOM KOCTU U Mporpec-
CUPYOILIMM yMEHbIIEHMEM PacCTOSHUS MEXIY OC-
HOBaHMEM IIepPBOil IISICTHOM KOCTUM UM AUCTAJIbHBIM
MOI0COM JIaIbeBUAHOM KOCTU BBUAY OTCYTCTBUS
MMPOYHOJ MeXaHMUYeCcKoil oropsl (huKkcaTopa), mocie-
IVIOIIMM YKOPOUEHMEM MBIIIIL], BO3BBIIIEHMS TIEPBOTO
MaJblia, 0COOEHHO MPUBOLSINEN MBIIIIIbI, YMEHbIIIe-
HYeM oObeMa OBMKEHUIT U peluaIuBUpOBaHKEM 60-
JIeBOro cuHApoma [19].

OBCY>XXIEHNE

PusapTpos, Kak ONpaBWIO, BCTPeUaeTcsl Y TOKUIBIX
Jofielt, 0CO6eHHO Y SKEHIIMH B IOCTMEHOIay3ajb-
HOM Ilepuofe, a Takke y TexX, XapaKTep Tpyha KOTO-
pBIX acCOLMMPOBAH C HArpy3Koil Ha KuUCTh [20, 21].
Ha HavasbHBIX CTAaMSIX 3a60JIeBaHMS IIPU YMEPEHHOT
CTeIleHM MOopaskeHus1 cycrtaBa 3(P@dEKTUMBHO MCIIOJb-
30BaHME OMOAKTMBHBIX BEILIECTB, CIIOCOOHBIX YIIyd-
IIUTh MeXaHM4YecKue CBOVCTBA cycTaBa [22, 23, 24].
ITpu Hes3(pdEKTUBHOCTY KOHCEPBATUMBHON Tepanuu
JOJITOe BpeMsi 30/I0ThIM CTaHAAPTOM XUPYPTUUECKOTO
neuenust pusaprposa II-1V craguii mo Eaton-Littler
6bLIa M30MMPOBaHHas TpanenuakTomus [25]. OnHako
MMPOKCUMMa/IbHASI MUTpalusl MepBOil MSICTHOM KOCTU
Moc/e TPamnenuMsIKTOMUM Co3haeT GuoMexaHUuecKyue
YCIOBUSI, MOTEHIMATbHO TPUBOIANIME K CJ1abOCTU
XBaTa, a Takke K PeluaAVBUPOBAHNIO 6OIEBOTO CUH-
opoma [26]. IlpemoTBpallleHne 3TOTO OCIOKHEHUS
3aK/II0UaeTCsl B CO3JAaHMUM ITPOUYHBIX MeXaHUYEeCKUX
TOAAEPXKUBAIINX CUII, YAEPKMUBAIOLIMX OCHOBaHMUE
MEepBOJ IISICTHOM KOCTM B 3aJaHHOM aHaTOMKU4Ye-
CKM ¥ (GYHKIMOHAIBHO BBITOJHOM IONMOKeHUM [27].
B nocnenytoiiem B CBSI3U C HEYLOBIETBOPUTETbHBIMU
JIOITOCPOYHBIMM pe3y/lbTaTaMM JieueHUs MeTOHMKa
6p1a MoaMduIpoBaHa: B 06pa3oBaBIIeecs MOCIe
yoaJieHMs] KOCTU-Tpamnenyuu MPOCTPAHCTBO C LebI0
NpefOoTBpallleHMs] YMEHbIIEeHUSI PaCCTOSSHUSI MeXAy
OCHOBaHMeM IepBOJi MSICTHOM KOCTU U AUCTATbHBIM
TIOJIFOCOM JIaJbeBUIHOM KOCTU XUPYPIU UHTEPIIOHU-
poBasm yacThb cyxokmms FCR [25].

VHTepno3uLMOHHAs MeTOAMKAa WMCIOIb30Balach
IIOBOJIbHO YaCTO — Ie€PBOHAYAIBHO ObUIM AOCTUTHY-
Thl ONTUMMCTUYHbIE pe3yabTaTbl. OQHAKO COIJIACHO
pesyabTaTaM HEKOTOPbIX MCC/IeOBAaHUI, JaHHAS XU-
pypruyeckasi TeXHMKa He MMesia IPeuMYyIecTB Mepe,
M30/IMPOBAHHO TparenusKromueii [28, 29].

B cratuctmyeckom aHanmmse 3QQGeKTMBHOCTU pas-
JIMYHBIX METOIOMK XUPYPIUUECKOTO JIeUeHUs] pU3apTpo-
3a, B TOM UMC/Ie MHTEPIO3UIMOHHON apTPOIIaCTUKH,
npoBegeHHoM [I.M1. MuxankeBuuem u A.I1. MupuieHKo,
ObUIM BBISIBJIEHBI BBICOKASI YACTOTA OCJIOKHEHMIT U He-
II0JIHOE BOCCTAHOBJIEHME 00beMa IBIVKeHUI 1-To
nanbua kuctu [30]. BolniensnoxkeHHOe MOATBEpPXKIA-
eT HeoOXOoIMMOCTh pa3paboTku 6osee 3¢hPeKTUBHOIO
MeTO[a apTPOIIaCTUKM IMepPBOro 3arsiCTHO-TISICTHOTO
CyCTaBa 1ocje yaaneHust Koctu-rparnenun [30, 31].

[IpuMmeHeHMe CYCIIEH3MOHHOM METOOUKU C UC-
MOJIb30BaHMEM Pa3JIMUYHBIX TUIIOB (UKCATOPOB IMPO-
IIeMOHCTPUPOBAIO CBOKO 3G (EKTUBHOCTb: ITOCTEIIEH-
HOe BOCCTaHOB/IeHMe GYHKIMM KUCTU, YBEIUUEHME
CUJIBl IMIMHIPUUYECKOTO XBaTa, KymupoBaHue 60-
JIEBOTO CHHApoMa 6e3 COMYTCTBYIOIIMX MPU3HAKOB
HeCTabWIbHOCTM TepBoro jayda Kuctu [31, 32, 33,
34, 35]. ComiacHO pe3y/ibTaTaM UCC/Ieq0BaHMS, HeIaB-
HO IMpoBeaeHHOTro P. Behm ¢ coaBTOpamu, B KOTOPOM
M3y4YaIiCh aHATOMO-61MOMexXaHYeCKe acIeKThl X1-
pPYpPruyeckoro jge4eHus pu3apTposa, CyclieH3MOHHas
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TeXHMKA 06ecrieuBaeT COXpaHeHMe IMOJIOKeHMS TIep-
BOTO MaJiblia TIPM MACCUBHON Harpyske, B TO BpeMsi
KaK MHTEPIIO3ULIMOHHbI KOMIIOHEHT JOMOJHUTENb-
HO YBeIMYUBAET CTAOMIBHOCTb MTOPAKEHHOTO CyCTa-
Ba, HO He T03BOJISIET COXPAHUTb PACCTOSIHUE MEXAY
OCHOBaHMEM IEPBO ISICTHOM KOCTU U OUCTAJIbHBIM
TIOJIFOCOM JIaAbeBUTHOV KOCTH [32]. DTO COOTBETCTBY-
eT TOoJIyYeHHbIM HaMU pe3y/ibTaTaM.

VHTEeHCMBHOCTh 6O0JIEBOTO CHHAPOMA, OTPaHM-
yeHne QYHKIUM BepxHEell KOHEYHOCTM U CHUKeHUe
CUJIBI UMWIMHIPUUECKOTO XBaTa IMOPa)keHHON KUCTU
SIBJISTIOTCSI  OCHOBHBIMM  (DaKTOpamM, 3HAUYUTENbHO
YXyALIAIMMY KauecTBO XXU3HM alleHTOB ¢ pu3ap-
TPO30M [36]. AHa/IN3 AMHAMUKY JAHHBIX ITOKa3aTeneii
ITO3BOJIMJI HAM OIeHUTDb 3(PPEKTUBHOCTb PE3EKIIMOH-
HOJ CYyCIIeH3MOHHOV MHTEPHO3UIIMOHHO apTporia-
CTUKY TIEPBOTO 3aIsICTHO-TIICTHOTO CyCTaBa CyObe-
KTMBHO (OIleHKa (PYHKUMM KUCTM 1o mKaje DASH
u 6oeBoro cuHapoMa 1o BAIIT) 1 06beKTUBHO (OIIeH-
Ka CUJIbI IMJIMHAPUUYECKOTO XBaTa MOPaskeHHOM KUCTU
MpY TOMOIIYM PYYHOTO IMHaMOMETpPa U PacCTOSTHUS
MEeXy OCHOBaHMEM IepPBOI MSICTHOM KOCTU U OVC-
TaJIbHBIM TTOJIFOCOM JIaZbeBUHOI KOCTU PEHTTEHOJO0-
rudecku). COrsmacHo MOTyYeHHbIM HaMM pe3yJibTaTaM,
OCYIIIeCTBJIEHME PE3EeKIMOHHON MHTEPHO3UIIMOHHOI
apTPOIJIaCTUKM TIEPBOTO 3aMsICTHO-TISICTHOTO CyCcTaBa
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Iapcadausu I'K. — moucK 1 aHaAU3 ITy6aMKauuii, aHa-
JIN3 U MHTeprpeTauus JaHHbIX, HAllMCcaHMe U PefaKTUpPo-
BaHMe TeKCTa CTaThU.

Epwos /[I.C. — aHanmu3 1 MHTepIIpeTaluys JaHHBIX MCCIIe-
OBaHUsI, HaMMCaHue U pefakTUPOBaHMe TEeKCTa CTaThU.

Ckeopyosa M.A. — aHanu3 U MHTepIIpeTalusl JaHHbIX
UccaefoBaHMs, HaMucaHue U pefakTUpOBaHME TeKCTa
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Pameeg A.Il. — aHanu3 U UHTepIpeTalusi JaHHBIX UC-
clefoBaHMsI, PeaKTPOBaHe TeKCTa CTaTbMU.

AgaHacves A.B. — aHaNMU3 M MHTEPIIPETALUST JaHHbBIX
JUCCAeloBaHMs, HamucaHUMe U peJaKTHMpOBaHMEe TeKCTa
CTaTbU.

Bce aBTOpBI Mpowin U omo6pwin GUHAIBHYIO BEPCUIO
PYKOTIMCH CTaTbU. Bce aBTOPBI COrMIaCHbI HECTM OTBETCTBEH-
HOCTb 3a BCE acMeKThbl pPaboThbl, UTO6bI 06ECTIeUNTh Haie-
Kalllee pacCMOTpeHMe U pellieHye BCeX BO3MOXKHbBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO M HAZEXHOCTBIO JII000I1
YyacTu paboThl.

Hcmounuk  ¢uHaHcuposanus.  ABTOpBI  3aSIBIISIIOT
06 OTCYTCTBUM BHENIHETrO (pMHAHCUPOBAHMS TIPU MPOBee-
HUU UCCIIeIOBaHMSI.

Bo3moscHblli KOH(AUKIN uHMepecos. ABTOPBI JIeK/ia-
PUPYIOT OTCYTCTBME SIBHBIX U TOTEHIMATbHBIX KOHQIIMK-
TOB MHTEPECOB, CBSI3aHHBIX C MyOIMKAaIlMeil HacTOsLIe
CTaTbU.

ripu pusaptpo3se [I-1V cragnii He CrIOCOOHO IIUTENTb-
HO yOepXKuBaTh OCHOBaHME IEePBO ITSICTHOM KOCTH,
YTO IIPUBOOUT K €€ KOJIATICY, XYAIIEeHNIO QYHKIMO-
HaJbHBIX TTOKA3aTeseil KUCTU U PeluanBy O0IeBOro
CHMHIpOMa.

3AK/TIIOYEHHE

PesekuOHHasi CyCIleH3MOHHasi WMHTEPHO3ULIMOH-
Hasl apTpOIIacTMKa T[EePBOro 3amsCTHO-TISICTHOTO
cycTaBa MpU XUPYPTUUECKOM JIeYeHUU puU3apTpo-
3a [I-IV craguit mo knaccudukanusm Eaton-Littler
n Kellgren-Lawrence mpomeMOHCTpUpPOBaia SIBHOE
MPEeUMYIIECTBO B CpPAaBHEHUM C pe3eKI[MOHHOI MHTEP-
TTO3MIVOHHOM apTPOIIACTUKOIM B OTHOIIEHUM (YHK-
LMOHAJIbHBIX TTOKa3aTeseil M CUIbl UINHIPUUECKOTO
XBaTa MOPaKEeHHOI KUCTHU, a TaKKe MHTEHCUBHOCTU
60s1eBOTO CMHAPOMA. JIomOTHMTeIbHAS (MKCAIVS ITep-
BOJ IISICTHOJM KOCTM MpU ITOMOIIM MOABEIIMBAIOIIEN
KOHCTPYKLMM MPENSITCTBYeT MPOKCUMAaIbHOM MUIpa-
LMV OCHOBaHMS TEPBOIL IISICTHOM KOocTU. CoxXpaHeHue
pacCcToSIHUS MeXAY OCHOBaHMEM I€PBOI MSCTHOM KO-
CTU U OUCTATbHBIM IOJIOCOM JIaAbeBUIHOM KOCTU TI0-
3BOJISIET M30€XKaTh YKOPOUEHMST MBbIIIIL, BO3BBIIIEHMS
MepBOTO MaJblla, OTpaHMUYeHMs] OO0beMa IBUKeHUI
U penyauBa 607€BOrO CMHApPOMA B TedyeHue 12 Mmec.
1ocjie XMPypruueckoro geueHus.
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Cross-Cultural Adaptation and Validation of the Russian-Language
Version of the American Orthopaedic Foot and Ankle Society
Ankle-Hindfoot Scale (AOFAS-AHS)
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Abstract

Background. Developed in 1994 by H. Kitaoka et al. the American Orthopaedic Foot and Ankle Society Ankle-
Hindfoot scale (AOFAS-AHS) allows to assess pain, function, deformity and alignment of the foot and ankle.
There is no Russian-language AOFAS-AHS questionnaire adapted according to current standards in the scientific
literature.

The aim of this paper is to perform the cross-cultural adaptation and to assess the validity of the Russian-language
version of the AOFAS-AHS scale, including the evaluation of its psychometric properties.

Methods. The original English version of the AOFAS-AHS scale was translated from English into Russian by a native
Russian speaker. Then the questionnaire was back-translated into English by another translator whose native
language is English. The next stage was the comparison of the original and back-translated versions, followed by
the presentation of a pre-final cross-culturally adapted version, which was tested on 10 patients to ensure that
the questions were comprehensible. The next step was the approval of the final version and its completion by
patients to be operated on the hindfoot or ankle. The printed copy of the final version of the questionnaire was
completed by the patients with an interval of 3 days. Total of 44 consecutive patients were enrolled, including
18 women (41%) and 26 men (59%), with a mean age of 61.7 (32-78) years. The psychometric properties of the
Russian-language version of the AOFAS-AHS questionnaire (internal consistency, retest reliability, measurement
error, responsiveness, and construct validity) were assessed based on the COSMIN (COnsensus-based Standards
for the selection of health status Measurement INstruments) principles.

Results. The mean score according to the AOFAS-AHS scalewas 49.6 (min 2; max 82) out of a possible 100. The average
timetocompletethequestionnairewas4.2minutes.Allhypothesesformulatedshowedcorrelationsofvaryingmoderate
to strong degrees. The Cronbach’s alpha coefficient was 0.76, which indicates a high level of internal consistency
of the elements of the validated questionnaire. A good intra-class consistency of 0.83 was obtained, which shows a
high degree of reliability of the questionnaire’s reproducibility. The ceiling and floor effects for the primary results
of the questionnaires did not exceed 15%. The mean value of the Russian-language version of the AOFAS-AHS
increased to 86.6 after surgical treatment. The values of standardized effect size (ES) and standardized response
mean (SRM) were 5.56 and 4.83, respectively.

Conclusions. The adapted Russian-language version of the AOFAS-AHS scale showed good psychometric properties
and can be recommended for assessment of the physical activity in patients with ankle and hindfoot-related
pathology and can also be used for monitoring the changes during the treatment.

Keywords: hindfoot, ankle, AOFAS-AHS, reliability, cross-cultural adaptation, psychometric properties, validity.
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Kpocc-kynbTypHasa agantauma u Banmaaumsa pycckossbIYHOM BepCcun
LWKaNbl AMepUKaHCKOM accouMaLMm XMpypros CTonbl
u roneHoctonHoro cycrasa AOFAS-AHS

B.A. ®omuues?, E.I1. Copokun !, H.C. KonoBanbuyk !, E.A. [Tamkosa !, A.Il. Cepena 2

' @I'BY «HauuoHansHsili MeOUYUHCKULL uccnedosamesCKUll ueHmp mpasmamonozuu u opmoneouu

um. P.P. Bpedena» MuH3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2 Akademus nocmouniomHozo oopasosarus OPIBY «DedepaibHbili HAYUHO-KAUHUUECKUTI UeHMD
Cneyuanu3upo8aHHwvix 81008 MeOUYUHCKOL nomowu u meduyurckux mexuoaozuii ®MBA Poccuu», 2. Mockea, Poccus

Pedepar

AxkmyanbvHocms. PazpaboranHas B 1994 r. H. Kitaoka ¢ coaBTopamu 1kana AMepMKaHCKOM acCoLMaliy XUpypros
CTOIIBI ¥ TOJIeHOCTOIHOTO cycTaBa AOFAS-AHS mo3sBosisieT oieHUTb 00/1b, GYHKINIO, CTEIIeHb AedopManu 1 oIo-
POCIOCOGHOCTD 3aJHETO OTAe/Ia CTOIIbI ¥ TOJIEHOCTOIIHOTO CyCTaBa. B HAayyHOI iMTepaType OTCYTCTBYIOT PYCCKOSI-
3piuHble Bepcun AOFAS-AHS, aganTupoBaHHbIE COTJIACHO COBPEMEHHBIM METOAMKAM.

Llenwto paboThI ABISIETCS KY/IbTYpHAsl afanTalys ¥ Baluaamyst pyccKosisbiuHoi Bepcun mmikanbl AOFAS-AHS, Bkiio-
yas OLeHKY [ICUXOMEeTPUUECKUX CBOVCTB OMTPOCHMKA.

Mamepuan u memodst. OpurHaIbHasl aHIVIOsA3bIYHAs Bepcust mKaabl AOFAS-AHS 6b11a mepeseneHa ¢ aHIIMIACKOTO
Ha PYCCKMIA SI3bIK HOCUTEJIEM PYCCKOTO SI3bIKA. 3aTeM ObLI BBITIOHEH OOpPaTHBIN MepeBOJ aHKeThl HA aHTIUICKMIA
SI3BIK APYTMM [1€PEBOJUMKOM, POJHBIM SI3bIKOM KOTOPOTO SIBJISIETCS aHITIMIICKUIA. 3aTeM BbIIIOJIHEHO CpaBHEHME OpU-
TMHAJIbHOI ¥ 06paTHO MepeBeleHHOI BepCuii C MOWIeAYIOMIVM MpeCcTaBIeHneM mpenduHaabHOI KPOCC-KyIbTYPHO
afanTUPOBAHHO Bepcum, KOTopast 6buTa mpoTecTupoBaHa Ha 10 mauyeHTax, YTo0bl yOeIUThCs, YTO BCe BOTIPOCHI MO-
HATHBIL. ClleyI0IMM 3TaroM 6110 YTBepXKIeHre GUHATbHO BEPCUM U ee 3aTI0THeHNe MalyeHTaMy, OKUIA0IMK
OIlepaTUBHOIO BMeIIaTebCTBA Ha 3aJHEM OT/IeJie CTOITbI MJIM TOJIEHOCTOITHOM cycTaBe. [ledaTHbI BapuaHT QrHAITb-
HOJt BepCUM OTIPOCHMKA 3aTIOTHSI/ICS MAI[MeHTaMU C TPOMEXYTKOM B 3 mHs. 17151 3aTI0;THEHMSI OTTIPOCHMKA ObUTH OTO-
OpaHbl 44 MocIeqoBaTeIbHBIX MMAIMEHTa, U3 HUX 18 (41%) skeHIMH U 26 (59%) MY>KUMH, CpeIHMIT BO3PACT KOTOPBIX
cocraBuia 61,7 (32-78) net. OLieHKa MCUXOMETPUUYECKUX CBOMCTB PYCCKOSI3bIUHOV Bepcum onpocHuka AOFAS-AHS
(BHYTpEHHSIS COIJIaCOBAaHHOCTD, PETECTOBAasI HaIeXKHOCTh, OLIMOKA M3MepeHMsI, OT3bIBUMBOCTh U KOHCTPYKTHAS Ba-
JIMIHOCTD) ObLJIa BBIMOJIHEHA Ha ocHoBauuy npuHInImoB COSMIN (COnsensus-based Standards for the selection of
health status Measurement INstruments).

Pesynomamet. Cpegunii 6asui o mkane AOFAS-AHS coctaBmin 49,6 (min 2; max 82) n3 100 Bo3sMoskHbIX. CpeqiHee Bpe-
M$I 3aIIOJTHEHMS aHKeThbI — 4,2 MUH. Bo Bcex chopMy/TMpPOBaHHbIX TUITOTe3ax Oblia BhISIBJIEHA KOPPEJISILIVIOHHAS CBSI3b
yMepeHHOI My cuibHOI cTertenu. Koaddbunment anbda Kponbaxa coctasmi 0,76, UYTO CBUIETENIBCTBYET O BBICOKOM
YPOBHE BHYTPEHHE COITIaCOBAHHOCTU 3JIEMEHTOB BaaUIMPyeMOro ONpOoCHMKa. Bl MoyyeH XOpounii mokasaresb
BHYTPUKIACCOBOI cornacoBaHHOCTY (0,83), UTO CBUAETENbCTBYET O BBICOKOI CTeIleHM BOCIIPOM3BOAMMOCTY aHKETHI.
dddexT «moToNMKa» U «I0Ia» AJi IEPBUUYHBIX PE3YIbTaTOB OMPOCHUKOB He TpeBbIiman 15%. CpegHuii 6at mo pyc-
ckosi3piuHOM Bepcum AOFAS-AHS Boipoc 1o 86,6 mocie onepaTUBHOrO JiedeHMs. 3HAaYeHMSI CTAHAAPTU3VPOBAHHOTO
pasmepa sddexra (ES) 1 crangapTM3upoBaHHOro cpenHero orseta (SRM) cocraBmiam 5,56 u 4,83 COOTBETCTBEHHO.
3akaroueHue. AJaTITMPOBaHHAsT PyCCKOsI3bIuHas Bepcus mKkaabl AOFAS-AHS o61agaeT XOpomMy IICUXOMeTpuie-
CKMMM CBOJCTBAMM ¥ MOXKET GbITh pEKOMEHI0BaHa JJIs OLeHKY (MU3UUYECKOi aKTMBHOCTU MAIIIEHTOB C MaTOJOTHel
006J1aCTY TOJIEHOCTOITHOTO CYCTaBa U 3aJJHETO OT/Iesa CTOIIbI, & TAKKE MCIIOIb30BaHa JJIsl OLEHKU TMHAMUKY U3MeHe-
HMI1 B IIpoliecce JeueHnsl.

KnroueBble CJIOBa: rOJIeHOCTOMHBIN CycTaB, mikana AOFAS-AHS, kpocc-KynbTypHas aganTtaiusi, ICMxomMmeTpuueckue
CBOJICTBA OIIPOCHMKA.

Ona mutupoBaHusi: @omuueB B.A.,; Copokun E.II., KonoBanbuyk H.C., INamkoBa E.A., Cepema A.Il. Kpocc-
KyJbTYypHasl ajanTaiuus M Baaugauusl PYCCKOSI3IYHON BepCUM IIKaJIbl AMEPUKAHCKOM accouyauuyu XUpPypros
CcTOmbl U TroneHocTtomHoro cycrtaBa AOFAS-AHS. Tpasmamonozus u opmonedus Poccuu. 2023;29(4):78-86.
https://doi.org/10.17816/2311-2905-16494.
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BACKGROUND

Assessment of the functional outcome of patients
with ankle joint pathology is an important
criterion of treatment efficacy [1]. In recent
years, there has been a trend towards the use
of patient-reported outcome measure (PROM)
questionnaires, which provide a more accurate
assessment of functional results [2].

The American Orthopaedic Foot and Ankle
Society Ankle-Hindfoot scale (AOFAS-AHS) is
one of the most popular scales for assessing ankle
joint function [3]. The scale developed in 1994 by
H. Kitaoka et al. allows to assess pain, function,
deformity and bearing capacity of the lower limb
[4].

This questionnaire has proven its validity in
the original language [5, 6]. As it is completed by
patients on the basis of their own perceptions, the
validity of the questionnaire cannot be confirmed
when applied in non-English-speaking countries.
Therefore, cultural and linguistic adaptation
is required for its use in other countries and
languages [7]. This questionnaire has already
been translated with adaptations into the
following languages: Arabic [8, 9], Portuguese
[10], Dutch [11], Italian [12], German [13], Persian
[14], Turkish [15], and Swedish [16]. In Russia,
M.E. Viskarr et al. published a study where
the questionnaires for ankle joint assessment
were translated into Russian and adapted for
use in Russia [17]. However, the authors did
not use the recommendations for adapting the
questionnaires already published at that time
[18]. Thus, nowadays in the Russian Federation
there are no specialized Russian-language
questionnaires and scales adapted in accordance
with the recommended standards to assess the
condition of the hindfoot and ankle joint.

Aim of the study is to perform the cross-
cultural adaptation and to assess the validity of
the Russian-language version of the AOFAS-AHS
scale,including the evaluation of its psychometric
properties.

METHODS

Methodology of the study

The methodological part of the study included
translation of the questionnaire into Russian. In
the clinical part of the study, the psychometric
properties of the questionnaire were assessed in
a group of patients with ankle joint pathology.

Patients

The study was performed in the clinic of the
Vreden National Medical Research Center for
Traumatology and Orthopedics from November
2021 to August 2022. Forty-four patients with
osteoarthritis of the ankle and/or subtalar joints
awaiting reconstructive surgery, including 18
women (41%) and 26 men (59%), were enrolled
in the study. The mean age of the patients was
61.7 (32-78) years. The nosological structure was
as follows: 14 (32%) patients with isolated ankle
osteoarthritis, 16 (36%) patients with ankle and
subtalar osteoarthritis, 5 (11%) patients with
chronic ankle instability, 5 (11%) patients with
ankle impingement syndrome, and 4 (9%) patients
with dissecting osteochondritis. All patients were
interviewed using the Russian translated version
of the AOFAS-AHS questionnaire.

Translation and adaptation

Translation and adaptation of the AOFAS-AHS
scale was performed in several stages:

Stage I — direct translation from English into
Russian by a native Russian speaker;

Stage Il —back translation of the questionnaire
into English by another translator whose native
language is English;

Stage III — comparison of the original
and back-translated versions followed by the
presentation of a pre-final cross-culturally
adapted version, which was tested on 10 patients
to ensure that all questions were comprehensive;

Stage IV — approval of the final version of
the questionnaire and its completion by patients
awaiting hindfoot or ankle surgery.

The AOFAS-AHS questionnaire

The questionnaire consists of nine questions.
Four of them assess pain and function, and five
assess range of motion, instability, deformity and
bearing capacity. To calculate the total score, the
points for each response, which are not evenly
distributed among the different questions, must
be summed. The number of points ranges from
0 to 100, where the maximum number of points
corresponds to the best function of the joint.

The EQ-5D-5L questionnaire

This questionnaire was used to test the construct
validity based on hypothesis testing, as its Russian
version was translated by the questionnaire
developers according to a standardized protocol
(https://euroqol.org/support/translation-
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process/) that ensures equivalence of the
translated version to the original version. The
EQ-5D-5L is designed to assess the quality of
life and includes questions on mobility, self-
care, usual daily activities, pain/discomfort, and
anxiety/depression. By answering each of the
five questions, the patient can choose one of five
response options that most closely matches his
or her perception. The obtained values then form
the respondent's health status, coded with five
consecutive digits, which is then interpreted into
a value between 0 and 1 based on the calculator
supplied with the questionnaire. In addition,
an integral part of the questionnaire is a visual
analog scale on which the patient must mark his
or her health status on the day of completion of
the questionnaire, where 100 is the best possible
status. We used the Russian-language version
of the EQ-5D-5L questionnaire, taken from the
official website www.euroqol.org.

Psychometric assessment

Psychometric properties of the Russian-
language version of the AOFAS-AHS
questionnaire (internal consistency, retest
reliability, measurement error, recall and
construct validity) were assessed based on
the COSMIN (COnsensus-based Standards for
the Selection of Health Status Measurement
INstruments) principles [18].

Questionnaire reliability in terms of stability
of test results when repeating the test was
assessed by calculating the Intraclass Correlation
Coefficient (ICC) using a mixed two-factor
model [19]. ICC interpretation in the context of
consistency was evaluated using the following
algorithm: ICC<0.2 — weak consistency, ICC=0.2-
0.4 — mediocre; ICC=0.4-0.6 — moderate;
ICC=0.6-0.8 — pronounced; ICC>0.8 — almost
complete consistency [12].

Internal consistency was assessed using
the Cronbach's alpha coefficient calculated for
the primary results of the questionnaires. This
coefficient evaluates the correlation between all
questionsinthe questionnaire and the correlation
between each question and the questionnaire
as a whole. The Cronbach's alpha coefficient
between 0.7 and 0.9 is considered high, but if
the value exceeds 0.9, it may indicate that the
questionnaire is redundant and some questions
assess the same things [20].

The ceiling and floor effects, i.e., the
percentage of maximum and minimum values
obtained in the questionnaire, were assessed
for the primary and recurrent survey results. If
a ceiling or floor effect is present, it is probable
that extreme values at the bottom or top of the
scale are absent, which may result in a limitation
of content validity. As a consequence, this may
lead to reduced reliability of the questionnaire, as
differences between the lowest or highest values
cannot be detected. Values of less than 15% are
considered low ceiling and floor effects [19].

Construct validity indicates the extent to
which the test results can be considered as a
measure of the construct being assessed [18]. In
our study, we evaluated the correlation between
the Russified version of the AOFAS-AHS and the
EQ-5D-5L scale using the hypothesis testing
method. Correlation coefficient values greater
than 0.60, between 0.40 and 0.59, and less than
0.39were interpreted as strong, moderate or weak,
respectively. In hypothesis testing, we assessed
both the correlation of both scales as a whole
and the pain and functional subdomains. The
share of confirmed hypotheses is calculated as a
percentage, and if it exceeds 75%, the construct
validity of the questionnaire is considered
confirmed [19].

Responsiveness, i.e., the ability of the
questionnaire to show changes over time,
was assessed using the longitudinal validity
assessment method. To interpret changes in
scores, measures of treatment effect were assessed
using paired t-test, standardized effect size (ES)
and standardized response mean (SRM) [21].

Statistical analysis

Statistical analysis was performed using PAST v.
4.13 and IBM SPSS v. 25.0 software. Differences
were considered statistically significant at p<0.05.
The Shapiro-Wilk test was used to assess the
normality of data distribution. Retest reliability
was assessed using two-way analysis of variance
with a random effects parameter.

RESULTS

Cross-cultural adaptation consisted of developing a
different question construction and supplementing
the translated text to facilitate its understanding by
patients when completing the questionnaire. We
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phrased each block of the fillable scale as a patient-
facing question (Table 1).

Question 1 was supplemented with a
description of the localization of pain for the
patient to better understand the location of its
origin. Question 2 revealed the concept of "means
of additional support” - crutches, cane, walker.
Question 3 is one of the most debatable ones,
as the most difficult task was to figure out how
many meters make up one block ("street block"
— a block in the USA, since the author of the

questionnaire H. Kitaoka is from the USA, and
in each state a block can be of different length).
Therefore, we did an average conversion of the
length of one block, which was 100 meters.
In question 6, we changed the degrees to
percentages of movement amplitude from the
level of normal function, as in question 7. The
last module "Alignment" literally translates into
Russian as "alignment, arrangement on one axis"
(see Multitran dictionary). Since the context
refers to pathologic changes in the anatomy of

Table 1
Russian-language version of the AOFAS-AHS questionnaire
Pain (40 points)
1. How would you describe the pain in the ankle and heel?
None 40
Mild, occasional 30
Moderate, daily 20
Severe, almost always present 0
Function (50 points)
2. Do you experience limitations of daily activities?
Do you need additional support (crutches, cane, walker)?
No limitations, no support 10
No limitations of daily activities, limitations of sport activities, no support 7
Limited daily and sport activities, cane 4
Severe limitations of daily and sport activities; 0
special footwear for walking, crutches, wheelchair, brace
3. What is your maximum walking distance in meters?
More than 2400 m 5
1600-2400 m 4
400-1200 m 2
Less than 400 m 0
4. Do you have difficulties walking?
None 5
Some difficulty on uneven terrain, stairs, inclines
Severe difficulty on uneven terrain, stairs, inclines
5. Do you have abnormal gait?
None or slight 8
Marked 4
Pronounced 0
6. What is the range of motion in the ankle joint (flexion and extension)?
Normal or mild restriction (60-100% normal) 8
Moderate restriction (30-59% normal) 4
Severe restriction (less than 25% of normal) 0
7. What is the range of lateral motions in the hindfoot (inward and outward)?
Normal or mild restriction (75-100% normal) 6
Moderate restriction (25-74% normal) 3
Severe restriction (less than 25% of normal) 0
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End Table 1
Russian-language version of the AOFAS-AHS questionnaire

8. Do you experience instability in the ankle joint and hindfoot?

Stable 8
Unstable 0

Deformity and alignment (10 points)

9. Do you have deformities in the hindfoot and ankle joint?

None 10
Slight deformity, plantigrade foot, some degree of ankle-hindfoot malalignment, no symptoms 8
Nonplantigrade foot, severe malalignment, symptoms 0

the joint that result in impaired bearing capacity
and normal function, we decided that the most
appropriate translation for Russian-speaking
patients is "deformity and bearing capacity”. In
question 9, we changed "correct hindfoot axis
location" to "no deformity", "satisfactory axis
location" to "slight deformity", and "poor axis
location" to "pronounced deformity".

The mean AOFAS-AHS score was 49.6 (min,
2; max, 82) out of a possible 100. All patients
were explained in detail how to complete the
questionnaire, resulting in a 100% completion
rate. The average time to complete the
questionnaire was 4.2 min.

Hypothesis testing

All proposed hypotheses showed a moderate to
strong degree of correlation (Table 2).

Internal consistency

The value of the Cronbach's alpha coefficient
was 0.76, which suggests a high level of internal
consistency of the elements of the validated
questionnaire. Pronounced correlation was
revealed between the results of answers (in
points) to some questions of the questionnaire
and the results of the whole questionnaire
(Table 3).

Reliability

The intraclass consistency value of 0.83 was
good, indicating a high degree of reliability
of the questionnaire's reproducibility. Ceiling
and floor effects for the primary results of the
questionnaires did not exceed 15%.

Table 2

Hypothesis testing to determine the construct validity of the translated version
of the questionnaire

Questionnaire

Hypothesis

AOFAS-AHS vs VAS EQ-5D-5L
AQOFAS-AHS vs health values of EQ-5D-5L
AOFAS-AHS vs mobility subdomain of EQ-5D-5L

AQOFAS-AHS vs self-care subdomain of EQ-5D-5L

AOFAS-AHS vs usual daily activities subdomain of EQ-5D-5L

AOFAS-AHS vs pain/discomfort subdomain of EQ-5D-5L

AOFAS-AHS vs anxiety/depression subdomain of EQ-5D-5L

Strong positive correlation
Strong positive correlation
Strong negative correlation
Strong negative correlation
Strong negative correlation
Strong negative correlation

Moderate to strong negative correlation
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Construct validity

All hypotheses were confirmed, which proves the
construct validity of the Russian-language version
of the AOFAS-AHS. The scale correlated with the
EQ-5D-5L questionnaire as a whole, as well as the
functional and pain subdomain of the latter.

Responsiveness

The mean value of the Russian-language version
of the AOFAS-AHS improved to 86.6 after surgical
treatment. The values of standardized effect size
(ES) and standardized response mean (SRM) were
5.56 and 4.83, respectively.

Table 3

Characteristics of basic values of the Russian-language version of the AOFAS-AHS
and their internal consistency

Ouestion Mean value when excluding | Corrected _correlation between Cronbac_h‘s alpha
= the item the item and total when deleting the item

1 28.45 0.82 0.82

2 44.39 0.67 0.76

3 46.57 0.67 0.77

4 47.27 0.58 0.77

5 46.68 0.53 0.76

6 46.41 0.80 0.74

7 46.86 0.66 0.77

8 45.95 0.63 0.74

9 44.14 0.53 0.75

DISCUSSION

There are no Russian translated and adapted ankle
joint assessment questionnaires available in the
modern literature. The AOFAS-AHS scale that we
selected for translation and adaptationis a patient-
completed questionnaire, and the data collected
using this scale are more reliable compared with
the scales based on physician's assessment [22].
The questionnaire was adapted according to cross-
cultural adaptation guidelines to obtain a reliable
and valid version of the questionnaire [7].

We obtained a strong correlation in six out
of seven hypotheses, which confirms the high
construct validity of the Russian-language version
of the studied questionnaire, using the data from
the EQ-5D-5L scale for comparison. The choice of
the EQ-5D-5L questionnaire was due to the fact
that the developers offered a translated version
of this scale into Russian in accordance with a
standardized protocol that ensures equivalence of
the translated version to the original one. In the
Arabic version, the SF-12 scale was selected for
hypothesis testing, and the correlations ranged
from weak to strong [9]. The SF-12 scale was also
used in the Turkish adapted version [15]. When
testing the hypotheses in the Italian version of
the questionnaire, the SF-36 scale was used to
assess the correlational relationship between

eight subdomains of the previously mentioned
questionnaire. The correlation in the hypotheses
ranged from 0.52 to 0.82 [12]. The SF-36 scale
was also used by the authors to assess the
construct validity of the Dutch [11] and Persian
[23] versions of the scale, which showed good
results. Researchers who evaluated the construct
validity of the Danish version of the AOFAS
questionnaire used the SEFAS questionnaire to
confirm the hypotheses and obtained more than
75% of confirmed hypotheses [24].

The Cronbach's alpha coefficient for the AOFAS-
AHS (0.76) showed good internal consistency
comparable to versions translated into other
languages [8, 12, 14, 15, 23, 24, 25]. In particular,
the Cronbach's alpha coefficient was 0.983 for the
Arabic version [9], 0.696 for the Persian version
[14], and 0.947 for the Dutch version [11]. It
should be separately noted that the Cronbach's
alpha in the study of the Danish version of the
questionnaire was 0.62 [24]. The authors attributed
this relatively low value to the small sample size.

Test-retestreliabilityindicates the consistency
of the questionnaire over a certain interval of
time. We chose a seven-day interval because,
on the one hand, it was short enough to avoid
changes associated with disease progression,
but at the same time not too short to recall of
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previous responses. The seven-day interval was
the most commonly used interval in previous
studies of cross-cultural adaptation [24].

The ICC value for the Russified version of the
AOFAS-AHS (0.83) was considered to be well
reproducible, which also corresponded to the
results of previous validation studies ranging
from 0.72 to 0.95 [8, 12, 14, 15, 23, 24, 25].

Limitations of the study

Our study had a number of limitations. First, the
patients in our study sample do not reflect the
entire population of Russia. Given that there is
a large number of ethnic groups in our country
who speak national languages, our proposed
translation would be incomprehensible for them,
and a questionnaire completed by such patients
would be uninformative for routine data collection.
However, since the literacy rate in Russia is 99%,
we are confident that the questionnaire will be
comprehensible to the vast majority of patients.

The second limitation of this study was the
patient selection. We included only patients with
severe ankle osteoarthritis who were admitted
for surgical treatment. This probably explains the
low AOFAS-AHS score in our study.

CONCLUSIONS

The adapted Russian-language version of the
AOFAS-AHS scale showed good psychometric
propertiesand canberecommended for assessment
of the physical activity in patients with ankle and
hindfoot-related pathology and can also be used
for monitoring the changes during the treatment.
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Suggestions for Introducing Some New Terms in Pelvic
and Acetabular Surgery
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Abstract

Background. The rapid advancement of modern surgical methods for treating pelvic bone fractures has
underscored the necessity for developing a new terminological framework. This is because the classical
anatomical terminology of the pelvis no longer aligns with the demands of the therapeutic process and scientific
research in this field. The traditional set of anatomical names and landmarks falls short in providing detailed
descriptions of all intricacies of injuries when employing contemporary surgical techniques. The existing
terminology system needs to catch up with the level of contemporary pelvic surgery, enabling a comprehensive
and understandable characterization of existing pathology and the treatment being administered for all medical
professionals.

Purpose of the study was to create names for certain parts of the pelvic bones and their areas that currently lack
specific designations and to propose the developed terms for professional discussion.

Methods. A retrospective analysis was conducted on X-rays and computer tomography scans of patients with
pelvic bone injuries, performed from 2020 to 2022. A list of potential new anatomical terms was compiled
through a literature review.

Results. In several cases, we encountered a deficiency of terms in diagnosing pelvic injuries and describing
surgical procedures. New terms were developed to denote areas of the pelvis and their injuries, including
the pubic bone base, vertical fractures of the pubic bone base, longitudinal fractures of the pubic bone base,
incomplete rupture of the pubic symphysis, the base of the ilium, longitudinal fracture of the iliac base, fracture-
subluxation and fracture-dislocation of the iliac base, calcar of the iliac bone, calcar spike, and the bone corridor.
Conclusions. The incorporation of new anatomical terms into clinical practice will help enhance the precision
of diagnosis and surgical planning in pelvic fractures. Standardizing the terminology will promote uniformity
in approaches and knowledge sharing among specialists, ultimately improving the quality of surgical care for
patients with pelvic injuries.

Keywords: pelvic fracture, pubic bone, pubic symphysis, bone corridor, pelvic bone, acetabulum, sciatic buttress,
sacroiliac joint.
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MpepnoxeHus no BBeAEGHUIO HEKOTOPbIX HOBbIX TEPMUHOB
B XMPYPrUIO Ta3a U BePTNY)KHOM BNaAUHbI

H.H. 3agnenposckuii !, B.B. Kynukos?, 5I.b. Bragumupona?, IT1.A. ViBaHOB!

' I'BY3 «HayuHo-uccnedosamenbckuii uHcmumym ckopoti nomowu um. H.B. Ckaugocosckozo
Jenapmamerma 30pasooxpaHerus 2. Mockesl», omoeneHue couemanHotll U MHOMEeCmMeeHHOl mpasmbl,
2. Mockea, Poccus

2 @I'AO BO «Poccutickuti HayuoHanbHblli ucciedosamensckuli meduyuHckuti ynusepcumem um. H.U. I[Tupozosa
Mun3sdpasa Poccuu», kagpedpa anamomuu uenoseka, 2. Mocksa, Poccus

Pedepar

AxkmyanbHocms. CTpeMUTeIbHOE pa3BUTME COBPEMEHHBIX XUPYPTUUECKUX METOHOB JieueHUS TepeioMOB
KOCTelt Ta3a BbISIBUJIO HEOOXOJMMOCTb Pa3paboTKM HOBOTO TEPMIMHOJIIOTMYECKOTO alapara, Tak KakK KiaacCcu-
yecKasl aHaTOMMYECKasi TEPMUHOJIOTHS Ta3a MepecTasia COOTBETCTBOBATD 3aIIpOCaM JieyeGHOTo mpoliecca u
Hay4YHbIX UCCIEI0BaHMUIT B JaHHOI o6nactu. Kimaccuyeckuii Ha60p aHATOMUYECKUX Ha3BaHUIT M OPUEHTUPOB
He TI03BOJISIeT IeTATbHO ONMCHIBATh BCe HIOAHCHI MOBPEXAEHUN MTPpU NPUMEHEHUU COBPEMEHHBIX XUPYPTU-
YyeCcKUX MeToAuK. MiMelolieecsl OTCTaBaHMe CUCTEMbI TEDMUHOB OT YPOBHS COBPEMEHHOI Ta30BOW XUPYPrun
JIOJKHO OBbITH YCTPAHEHO JIJIST BO3MOKHOCTHU TTOJIPOOHO ¥ MOHSTHO JIJIST BCEX CITEIMAIMCTOB XapaKTepu30BaTh
MMeIOUIYI0Cs aTOJMIOTMIO U TPOBOAMMOE JIeUeHNe.

Ilens uccnedosanus — pa3paboTaTb HA3BAHUS IJisT HEKOTOPBIX YaCTeil KOCTeli Tasa U ero obmacreil, KOTOpbIe
JTO HACTOSIIIIETO BPEMEHU He MMEIOT CBOMX 0603HAUEHMIA, U MPEAJIOKUTH Pa3paboTaHHble TEPMUHBI JIJIST IPO-
(eccroHambHOTO O6CYKIEHMS.

Mamepuan u memoOdui. BbITIONIHEH PETPOCIIEKTUBHbIV aHAIMN3 PEHTTeHOTPaMM ¥ KOMITbIOTEPHBIX TOMOTPaMM
MaleHTOB C MOBPEXIeHNeM KOCTeil Ta3a, BbimosHeHHbIX ¢ 2020 o 2022 r. B pe3yabTaTe aHaIM3a TUTEPATYPhI
OBLIT COCTABJIEH CITMCOK MOTEHIMATbHBIX HOBbIX aHATOMMUYECKUX TEPMUHOB.

Pesynvmameul. B psife cydyaeB Mbl CTOIKHYIUCH € NeDUIUTOM TEPMUHOB IIPU AMArHOCTMKE TTOBPEXIEHUI
Ta3a M OMMCAHUM XO/a onepauuii. PazpaboTaHbl HOBbIe TEPMMHBI /111 0003HAUEHMS 06JIacTel Ta3a U UX T0-
BpEXIIeHUIT: OCHOBaHMe TOOKOBOI KOCTH, BEPTUKAIbHbIE TTEPEIOMbI OCHOBAHUS JIOOKOBOI KOCTU, TPOJIOJIb-
Hble TTepeIoMbl OCHOBAHMS JIOOKOBOI KOCTH, HETIOIHBIN Pa3pbIB TOOKOBOTO cuMd13a, OCHOBAHME MTOJIB3/TOII-
HOTt KOCTH, TIPOJTONIbHBIN MepeioM OCHOBaHMS TTOAB3O0UIHOM KOCTHU, TTIePeIOMOIIOIBbIBMX U MEPEIOMOBBIBUX
OCHOBaHMS TIOAB3IOIIHONM KOCTU, KaJIbKap MOAB3A0IIHOI KOCTU, KaIbKapPHbIN IIUIM, KOCTHBIV KOPUAOP.
3axknatoueHue. BHeipeH e HOBbIX aHATOMMUUYECKUX TEPMUHOB B KIMHNYECKYIO TPAKTUKY TTOMOXET YIyUIIUTh
TOYHOCTb IMATHOCTUKM Y TJIAaHMPOBAHUST XMPYPIUUECKMX BMEIIaTeIbCTB B Ta30BO# ob6mactu. CTaHmapTU3a-
1IMSI TEPMUHOJIOTUM OYJeT CONeiiCTBOBATh eIMHO0OPa3UI0 MOAXON0B U 06MEHY OMBITOM MEXKIY CIelNaln-
CTaMU, YTO MOCTY>KUT MOBBILIEHUIO KaUeCTBa XUPYPrUUEeCKOTO JieYeHSI MallMeHTOB C TIOBPEXIeHUSIMU Ta3a.

KiroueBble ¢/IOBa: IepejioMbl Ta3a, JIOOKOBAsi KOCTh, TOOKOBBIM cMM@M3, KOCTHBII KOPUAOP, TA30Bast KOCTh,
BepTIyKHas BIIaAMHa, sciatic buttress, KpecTIIOBO-TOAB3AONIHOE COUIEHEHME.

HOnsa gutupoBanus: 3agaernposckuit H.H., Kynukos B.B., Bnagumuposa 4.B., Usanos I1.A. IIpenjioskeHus 110 BBeAEHUIO
HEKOTOPBbIX HOBBIX TEPMMHOB B XMPYPIMIO Ta3a M BEPTIYKHOIN BHaguHbl. Tpasmamosnozust u opmonedus Poccuu.
2023;29(4):87-100. https://doi.org/10.17816/2311-2905-15531.
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BACKGROUND

Up until the 1970s, a conservative approach
overwhelmingly dominated the treatment of
pelvic ring injuries. The non-operative treatment
process didn’t involve a wide variety of methods,
and the classical anatomical terminology used
in the preoperative period adequately met the
demands of the therapeutic process.

Starting in the early 1980s, there was a radical
shift in the paradigm. Advancements in knowledge
and technological progress in medicine led to
a complete change in the approach to treating
pelvic injuries. Specialists transitioned from a
predominantly conservative approach to active
surgical treatment for most types of pelvic ring
fractures. The emergence and active development
of precise diagnostic methods, a multitude of new
surgical techniques, and procedures required a
more detailed analysis of fracture characteristics
and the description of the surgeon’s actions.
Specialists felt an acute need to name many parts
of the pelvis that previously lacked approved
names in the anatomical nomenclature (and
didn’t even have unofficial designations within
the professional community).

The existing “terminological inadequacy”
also has a cross-linguistic aspect. It’s not
uncommon for situations where foreign terms
lack equivalents in the Russian-speaking field,
and vice versa. These circumstances served as the
basis for developing missing anatomical terms
and publishing this study.

Purpose of the study was to create names for
certain parts of the pelvic bones and their areas
that currently lack specific designations and to
propose the developed terms for professional
discussion.

METHODS

The research retrospectively analyzed the
data of X-rays and CT scans of patients who
underwent examination and treatment at the
State Budgetary Healthcare Institution of Moscow
“N.V. Sklifosovsky Research Institute for
Emergency Medicine” of the Moscow Health
Department for pelvic bone injuries during the
period from January 1, 2020, to December 31, 2022.

A list of potential new anatomical terms
necessary for describing anatomical structures
and their features was compiled through a
literature review.

Definitions were refined and terminology was
clarified, taking into account various approaches
and international standards. The proposed
anatomical terms were validated through real
clinical cases and anatomical specimens. They
were used during surgeries and in the analysis of
medical data to determine their applicability and
convenience in clinical practice.

The study was conducted in compliance with
the principles of voluntary patient consent
and the confidentiality of medical data.
When evaluating the data, coded anonymous
information was used, without disclosing
personal patient information.

RESULTS AND DISCUSSION

The complex geometry of the pelvic bones gives
rise to numerous anatomical structures and
their respective names (terminology). However,
“blank spots” and inconsistencies persist in
anatomical nomenclature. The article is divided
into three parts, each dedicated to the discussion
of one anatomical region of the pelvis and its
corresponding terms:

1) surgical anatomy of the pubic bone and
symphysis;

2) the posterior aspect of the ilium,;

3) intraosseous spaces of the flat bones of the
pelvis.

These parts of the article provide the basis for
the following new terms:

1) pubic bone base;

2) iliac base;

3) Iliac calcar;

4) calcar spike;

5) bone corridor.

We propose new terms to designate fractures
of the pubic bone base based on the direction of
lines in this area:

1) longitudinal fractures of the pubic bone
base;

2) vertical transverse fractures of the pubic
bone base.

Additionally, a simple classification of pubic
symphysis ruptures is suggested based on the
presence and direction of the fracture line of the
pubic bone base:

— complete pubic symphysis rupture;

- incomplete pubic symphysis rupture.

A classification of injuries to the iliac base
in cases of partial damage to the sacroiliac joint

89 2023;29(4)
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(SI]) is proposed, based on the direction of the
fracture in the area of the iliac base:

— fracture-subluxation of the iliac base
(+ A. Day classification) [1];
— fracture-dislocation of the iliac base

(+ A. Day classification);
- longitudinal fracture of the iliac base.

1. Surgical anatomy of the pubic bone
and symphysis

It is commonly believed that the pubic bone
(os pubis) consists of three parts: the body
(corpus ossis pubis), the superior branch (ramus
superior ossis pubis), and the inferior branch
(ramus inferior ossis pubis) [2]. However, a
topographical confusion persists in modern
anatomical atlases and textbooks. In English-
language literature, the body of the pubic bone
is described as being in the region of the pubic
symphysis and forming the one. In contrast, in
Russian-language literature, it is located in the
acetabulum, presenting its anterior wall with a
portion of the articular surface.

In foreign literature, the term «body» is
defined as «the largest and most significant part
of a bone, such as the diaphysis of long bones of
the shoulder or femur» [3]. When it comes to the
localization of the bodies of the iliac and ischial
bones, foreign and Russian anatomists generally
agree and define their topography in a similar
way [1, 4]. However, when it comes to the pubic
bone, the situation is less clear because the views
of Russian and foreign experts differ significantly.
In the foreign anatomical tradition, the «body»
refers to the medial portion of the pubic bone,

along with its superior and inferior rami [5, 6]. We
could not find an explanation in the literature for
why Western anatomists separate the body of the
pubic bone topographically from the bodies of the
iliac and ischial bones. Furthermore, the name for
the lateral end of the upper branch of the pubic
bone,whichincludes part of the articular cartilage
of the acetabulum, remains unclear. Some foreign
authors of anatomical atlases define it as the
«anterior wall of the acetabulum» [7], while
others do not address this topic at all [8].

The Russian anatomical tradition is notably
more consistent in defining the term «body» of the
pubic bone from an embryogenic and anatomical
proximity perspective to similar structures [9].
«The pelvic bone, os coxae, is paired, and in
children, it consists of three separate bones: the
ilium, ischium, and pubis. In adults, these three
bones fuse into a single pelvic bone. The bodies
of these bones, by joining together, form the
acetabulum on the outer surface of the pelvic
bone. The ilium represents the upper part of the
acetabulum, the ischium the posterior-inferior
part, and the pubic bone the anterior-inferior
part. During development, each of these bones
develops independent ossification centers, so
that until the age of 16-17, in the region of the
acetabulum, the ilium, ischium, and pubic bone
are joined by a Y-shaped cartilage. Subsequently,
the cartilage ossifies, and the boundaries between
the bones smooth out» [10]. In other words, if these
bones, through their parts, form a single anatomical
structure (the acetabulum), then these parts should
also be named uniformly—in this specific case, as
the «bodies» of all three pelvic bones (Fig. 1).

Fig. 1. Shaping of the acetabulum by
joining the bodies of the iliac (1),
sciatic (2) and pubic (3) bones (a);
photo of the child’s acetabulum, where
the iliac, sciatic, and pubic bones are
joined by the Y-shaped cartilage (b)
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In the atlas of human anatomy by
R.D. Sinelnikov, it is stated: “The body of the
pubic bone, corpus ossis pubis, forms the
anterior part of the acetabulum and directly
continues into the wupper branch, which
extends forward, downward, and medially” [2].
However, a question arises in this context about
the boundaries between the upper and lower
branches: where does the upper branch end, and
where does the lower branch begin? Which of
the branches forms the pubic symphysis? From
our perspective, these parameters are necessary
for a detailed description of injuries in this area.

To bring clarity to this issue, we propose to
divide the pubic bone not into three but into four
parts and introduce the term “base”.

Pubic bone base

We propose to designate the “base” as the part of
the pubic bone that is located medially and forms
the pubic symphysis. It has its boundaries:

- the medial boundary participates in forming
the symphysis and determines its height;

- the lower boundary runs horizontally along
the lower edge of the pubic symphysis and is
perpendicular to the medial boundary;

- the lateral boundary follows the medial
edge of the obturator foramen and is parallel to
the medial boundary;

- the upper boundary is formed by the upper
cortex of the pubic bone and includes the pubic
tubercle (Fig. 2).

From the base of the pubic bone, the superior
and inferior rami extend. At the lateral end of the
superior ramus of the pubic bone is its «body,»
which consists of bony mass participating in
forming the anterior wall of the acetabulum with
cartilaginous covering.

In our view, these terms will help in
determining the localization and morphology
of pubic bone fractures. According to Nakatani’s
classification, fractures in Zone I are located
precisely in the area of the pubic bone’s base
[11, 12]. In attempts to objectify indications for
the optimal treatment method for pelvic ring
injuries, some researchers point out that all
fractures in this area are the most unstable [13].
However, according to our observations, this
is not always the case. Studying the nature of
fractures,we divided them into two major groups:
the first group includes lines that primarily
run vertically, and the second group comprises

fractures with lines that predominantly
run horizontally and penetrate the pubic
symphysis.

Through clinical observations and stress tests
under anesthesia, we determined that vertical
fractures are unstable and require surgical
treatment, unlike horizontal fractures, which are
relatively unstable. Vertical fractures can further
be categorized into transverse and oblique.
Transverse vertical fractures of the pubic bone’s
base have their fracture plane predominantly
oriented in the sagittal plane (Fig. 3).

Fig. 2. Division of the pubic bone into four conventional regions:

1 — base; 2 — superior branch; 3 — inferior branch; 4 — body (a);

conventional boundaries of the base of the pubic bone: h — height of the base (red color),

m — width of the base (blue color). Black color indicates the remaining borders of the base h’and m’,
which are the sides of the completed rectangle from the sides h and m (b)
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Another type of unstable vertical fracture of
the base is the oblique fracture. In this case, the
fracture line runs along the base of the pubic
bone without affecting the symphysis, forming
a distinctive sharp end of the fragment (Fig. 4).
We propose to refer to such fractures as
«longitudinal fractures of the pubic bone’s base.»

Such fractures can potentially be dangerous
because the fragments may damage both the
bladder and the venous plexus in the prevesical
space when the pelvicringis laterally compressed.

We propose new terms to describe vertical
fractures of the pubic bone’s base depending on
the direction of the fracture lines:

- vertical transverse fractures of the pubic
bone’s base;

- longitudinal fractures of the pubic bone’s
base.

Horizontal fractures form the second major
group of fractures that are relatively stable and
typically do not require fixation. In our view, these
fractures result from incomplete symphyseal

Fig. 3. Vertical transverse
fracture of the base of the
pubic bone (the arrows
indicate the fracture lines):
a — 3D-CT image
reconstruction;

b — pelvic X-ray in the AP
view

disruption. The symphysis is surrounded by
ligaments in the form of a cuff, where the upper
and lower ligaments are the most robust, while
the anterior and posterior ones are the weakest.
Deforming forces on the front part of the pelvis
lead to the disruption of the anterior symphyseal
ligament, continuing to act on the base of the
pubic bone in the form of horizontally oriented
fractures (Fig. 5). Both the powerful upper and
lower symphyseal ligaments can be damaged in
the process (Fig. 6).

Thus, in addition to the well-known complete
disruption of the symphysis, it is necessary to
distinguish partial disruption of the symphysis
in the presence of a horizontal fracture of the
pubic bone’s base. As a result, we propose a
straightforward classification of pubic symphysis
disruptions:

— incomplete disruption pubic symphysis
(with or without displacement);

— complete disruption pubic symphysis (with
or without displacement).

Fig. 4. Longitudinal fracture of the base of the
pubic bone with a sharp ending:

a — 3D-CT image reconstruction, the arrow
indicates the sharp end of bone fragment;

b — 2D-CT image reconstruction in the axial view,
the arrows indicate the direction of the fracture
along the base of the pubic bone
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widening;

Fig. 5. Incomplete symphysis rupture with horizontal fracture

of the pubic bone base:

a — 3D-CT image reconstruction;

b — 2D-CT image of incomplete symphysis rupture and the direction
of the traumatic force;

¢ — 2D-CT reconstruction, the arrow indicates symphysis gap

d — 2D-CT image reconstruction in the sagittal view of the pelvis,
the arrows indicate the fracture line extending into the symphysis

Fig. 6. Pelvis X-ray in the AP view. The arrows indicate the rupture of the superior ligament
of the symphysis and partial widening of the symphysis, horizontal fracture of the base of the pubic bone (a);
2D-CT image reconstruction of the pelvis in the sagittal view. The arrows mark the displacement

of the fragments (b)

2. Surgical anatomy of the posterior
part of the ilium

The concept of “injuries to the posterior part of
the iliac bone” includes a wide range of injuries,
from sacroiliac joint disruptions to intra-
articular fractures of the wing extending into the
sacroiliac region (such as crescent fractures, etc.).
Additionally, this area has become of interest in
a surgical context due to the insertion of sharp-
pointed pins for the Ganz anti-shock frame,

cannulated screws during sacrum osteosynthesis,
and the application of plate fixation. In surgical
guidelines for acetabular surgery, this area lacks
a specific name. Given that this area serves as an
important anatomical link between the columns
of the acetabulum and the axial skeleton, it
makes sense to introduce an anatomofunctional
name for it. We propose using the term “base
of the Ilium” for this area with a definition of its
approximate boundaries.
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The base of the ilium

The base of the ilium — it is the entire area of
the posterior part of the ilium to a hypothetical
line drawn along the margin of the greater
sciatic notch with complete involvement of the
sacroiliac joint (Fig. 7).

Iliac bone
base

Fig. 7. Conditional localization of the iliac bone base
(highlighted in red):

a — internal view, the dotted line indicates the
articular surface of the sacroiliac joint;

b — outside view

Injuries to the base of the ilium

Atypicalinjuryresultingfromlateral compression,
which involves the sacroiliac joint, is the crescent
fracture. The fracture line runs through the base
of theilium, penetrating the sacroiliac joint space,
tearing the anterior sacroiliac ligament, and/or
crushing the ala of the sacrum. On X-ray, you
can observe the widening of the sacroiliac joint
space. Such injuries are classified as AO/OTA type
61 B2.2 or LC-II according to Young-Burgess.

The crescent fracture forms a fragment of the
posterior part of the ilium of varying size, which
remains attached to the posterior sacroiliac
ligaments, while the anterior ilium segment
shifts relative to the sacrum. The smaller the
crescent fragment, the more significant the area
of the sacroiliac joint surface that remains on the
anterior fragment of the ilium. Depending on the
extent to which the fracture line penetrates the
sacroiliac joint, these injuries are divided into
three types according to the classification of A.
Day [1]. The choice of treatment for a crescent
fracture depends on the size of the joint surface
that remains on the anterior fragment of the
ilium [4].

Thedrawbackofsuchanapproachistheabsence
of a commonly accepted Russian equivalent for
the term “crescent fracture,” and it doesn’t take
into account the degree of displacement of the
fragments (subluxation, dislocation). In such
situations, we suggest using the phrase “fracture-
subluxation” or “dislocation of the ilium base”
and specifying the degree of displacement of
the ilium base fragment. For example, if there
is a fracture with a displacement of less than
1 cm in the sacroiliac joint area, the injury can
be described as a “fracture-subluxation of the
ilium base” of type II (according to A. Day’s
classification) (Fig. 8).

In another case, when there is a fracture
with a displacement of more than 1 ¢cm in the
sacroiliac joint area, the injury can be described
as a “fracture-dislocation of the ilium base” type
IT according to A. Day’s classification (Fig. 9).

However, when analyzing fractures in the area
of the ilium base, we have encountered fractures
that do not fit into existing classifications. For
example, fractures that run along the entire base
of the ilium without penetrating the sacroiliac
joint. For such fractures, we propose our own
term — “longitudinal fracture of the ilium base”
(Fig. 10).

Fig. 8. 3D-CT image reconstruction of the pelvis, the inlet
view. The arrows indicate the opening of the SIJ gap less
than 1 cm
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Fig. 9. 3D-CT image reconstruction of the pelvis in the inlet view (a); 2D-CT image reconstruction of the
pelvis in the axial view. Displacement of the fragments in the SIJ is greater than 1 cm. The arrow shows the
level of the fracture of the iliac base in relation to the CPS, type II according to A. Day ( b)

Fig. 10. Longitudinal fracture of the base of the iliac bone:
a — 2D-CT image reconstruction in the axial view; b — 3D-CT image reconstruction in the posterior view

Thus, based on our observations, we propose
the following classification of injuries in this area,
which is based on the degree of displacement
of the fragments and is supplemented by the
classification of A. Day.

Classification of the injuries to the iliac bone
base:

— fracture-subluxation of the iliac bone base
(displacement of the fragments less than 1 cm) +
type according to the A. Day classification;

— fracture-dislocation of the iliac bone base
(displacement of the fragments greater than
1 cm) + type according to the A. Day classification;

- longitudinal fracture of the iliac bone base.

Calcar

The  founder of  acetabular  surgery,
E. Letournel, developed a classification for its
fractures based on the two-column concept
[14, 15]. The area of dense cancellous bone that
participates in transferring axial loads from both
columns of the acetabulum to the sacrum is
referred to as the “sciatic buttress” (Fig. 11).

It represents the area of the inferior posterior
part of the iliac bone with the densest cancellous
bone tissue, originating at the sacroiliac joint
and extending further towards the acetabulum,
forming the dome or arch of the greater sciatic
notch. If, due to injury, there is a loss of connection
between one of the columns and the axial skeleton
through this bone region, it can be classified as
either an anterior or posterior column fracture.
In cases where both columnar connections to the
axial skeleton are lost, it should be considered a
two-column fracture of the acetabulum.

In the absence of a direct Russian equivalent
in domestic literature, the term counterfort
would be conceptually close, although it is
primarily used in the context of describing cranial
bones, such as the frontal-nasal or zygomatic
counterfort [16]. However, an equivalent term
with a similar meaning that has been used in
trauma literature is calcar (for example, “calcar
of the femoral neck” or “calcar of the shoulder).
Given that this structure is located in the inferior
part of the iliac bone, we propose the following
term for its designation: “calcar of the iliac base”.
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Sciatic
buttress

Anterior
column

Posterior
column

Fig. 11. Conditional localization of the sciatic buttress in the posterior iliac bone according to E. Letournel:
a — outside view; b — scheme of the two-column concept of the acetabulum according to E. Letournel:
1 — anterior column, 2 — posterior column, 3 — sciatic buttress

Calcar spike

In the practice of traumatologists, there are some
cases of transrectal fractures of the acetabulum
with the extension of the fracture line into the
calcar region, forming a characteristic sharp end
called a “calcar spike.”

The morphology of such a fracture is
determined by the orientation of the bone
trabeculae in this area (see Figure 12). A similar
phenomenon can be observed in nature — wood
always splits along its fibers. Similarly, in the case

of pelvic fractures, the fracture line extends from
the acetabulum to the calcar, splitting it along
the bone trabeculae, resulting in the formation
of a sharp end (calcar spike) (Fig. 13).

The calcar spike is an important diagnostic
sign. It is a pathognomonic feature of high
(transtectal or juxtatectal) fractures of the
posterior column or transtectal fractures of the
acetabulum, which require surgical treatment to
restore joint congruence.

Fig. 12. Shaping of bone trabeculae along force loads through the femoral neck and femoral head on the iliac
calcar (a); distribution of loads on bone trabeculae along the vertebral column, iliac base calcar, and hip (b).
1 — vertebral column, 2 — iliac base calcar, 3 — femoral neck
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The clinical interest in this situation primarily
arises from the intimate proximity of the
relatively large superior gluteal artery and the
sciatic nerve to the sharp end of the posterior
column fracture (Fig. 14a). The artery and nerve
can be damaged both directly during the trauma
and iatrogenically when attempting to expose
them during open reduction of the fracture.
Intraoperative bleeding from the superior
gluteal artery can pose an existential threat to
the patient and requires careful preoperative
preparation. Damage to the sciatic nerve can lead
to neurological deficits, potentially resulting
in impaired lower limb support function and
significant pain syndrome.

In our opinion, when a calcar spike is present,
it is advisable to perform a pelvic CT scan with
contrast to visualize the vessels of the internal
iliac artery and rule out damage to the superior
gluteal artery. If the artery is already damaged

Fig. 13. Splitting of wood along
fibers (a); splitting of the iliac
bone along calcar trabeculae
with formation of a sharp calcar
spike (b)

or is at a safe distance from the spike’s tip,
open reduction can be performed using the
conventional technique.

In cases where the calcar spike is in close
proximity to the preserved superior gluteal
artery,we recommend performing an osteotomy
of a sharp end of spike that is in contact with the
vessel (Fig. 14b). This approach significantly
reduces the risk of damaging the artery during
its dissection and repositioning maneuvers
with the remaining fragment of the posterior
column.

For surgeons with sufficient experience and
specialized instruments, it is possible to carefully
dissect the calcar spike from soft tissues and
perform open reduction using the “palisade
technique” with the use of ]. Matta’s forceps [17].
Thanks to the high bone density in the calcar
region, the fragment does not split even under
substantial repositioning forces (Fig. 15).

Fig. 14. Superior gluteal artery (a);
osteotomy of the calcar spike, the
arrow marks the level of osteotomy (b)
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Calcar sp'i'ke.'
Sogd

Fig. 15. Open reduction of the calcar spike with Matta clamp and plate fixation

3. Intraosseous canals

With the advent of the method of fixation of long
bone fractures with interlocking nails, assessment
of the anatomy of the intraosseous canal (its size,
localization of narrowing (isthmus), etc.) has
become an important parameter for the correct
choice of fixator and successful intramedullary
osteosynthesis. The intraosseous canal of long
bones is a natural anatomical cavity that is
limited by a diaphyseal bone tube filled with
bone marrow or fat and is called the “medullary
canal”. The isthmus is the narrowest part of the
bone canal. The inner surface of the isthmus of
tubular bones can be visualized in the form of an
“hourglass” (a single-cavity hyperboloid).

In pelvic fracture surgery, intramedullary
fixators such as screws and intramedullary nails
are also used. However, unlike long bones, flat
bones of the pelvis lack natural canals, and they
primarily consist of cancellous tissue surrounded

by a thin cortical layer. Nevertheless, specific
areas within these flat bones can be identified for
the placement of appropriate fixators [18].

Todenote thebone canalin the flatbones of the
pelvis for the subsequent placement of a fixator,
we propose using the term «bone corridor» (Fig.
16). The bone corridor is a virtual space within
the flat bone that allows the safe placement of
a fixator. It comprises various possible positions
(trajectories) for the fixator’s placement without
breaching the cortical layer.

The shape of the bone corridor depends on
the type of fixator. For example, in the case
of a straight screw, the bone corridor appears
cylindrical, with its maximum diameter matching
the narrowest point within the bone along its
placement. In the case of a curved fixator, the
bone corridor typically has a broader but more
complex geometry. It takes on a triangular
shape with a complex curved convex surface,

)

Intraosseous canals w
generic name W
| %
Medullary canal W Bone corridor R\
anatomical formation in tubulzﬂ virtual space in flat bones | &
bones y

Fig. 16. A set of terms to define medullary and intraosseus canals in tubular and flat bones
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with its vertex located at the point where the
fixator is introduced. The curvature follows the
curve of the linea terminalis, and the convexity
corresponds to the curvature of the acetabular
dome. The thickness of such a corridor matches
the narrowest part of the bone (the isthmus)
where it is located (Fig. 17).

CONCLUSIONS

This study has led to the development and
presentation of new anatomical terms designed
for use in pelvic surgery. Based on the data
analysis, their importance and applicability for
improving communication and information
exchange in this complex field of surgery have
been affirmed.

According to S. D. Denisov and colleagues,
«For the successful implementation of a unified
anatomical terminology, it is not enough to
simply develop, approve, and publish it. There
should also be motivation for its widespread
use. Terminological discipline should have
organizational and administrative support from
both government organizations and professional
associations» [19]. Psychological acceptance of
the need to transition to new terminology by
specialists is also important because «criticism of
outdated or irrelevant terms can provoke protest
and be seen as an attack on tradition» [20].

The implementation of new anatomical
terms into clinical practice will significantly
improve the accuracy of diagnosis, planning, and
execution of surgical interventions for severe
pelvic injuries. Standardizing the terminology
will help systematize treatment approaches and
facilitate the exchange of experiences among
medical specialists, ultimately enhancing the
quality of surgical care for patients with pelvic
bone fractures.

Isthmuses in pelvic bones, unlike long bones,
are typically irregularly shaped slit-like spaces
located between the nearest cortical plates.

Consequently, this allows for the use of larger-
diameter curved implants (nails) in contrast to
straight ones (screws, nails). In most cases, this
provides an advantage in fixation stability.

Fig. 17. CT scan of the pelvis

in the axial view at the level of
the acetabulum:

a — bone corridor for a straight
fixator with a diameter of 2 mm;
b — bone corridor for a curved
fixator with a diameter of 7 mm

Key findings from the conducted research are
as follows:

- the bodies of the pelvic bones form joints
(the acetabulum);

— the bases of the pelvic bones form
articulations (the pubic symphysis, sacroiliac
joint);

— calcar is the densest area of the ilium base,
responsible for transmitting loads from the
sacrum to the acetabulum and vice versa;

— calcar spike is a typical fracture of the ilium
base in the area of the calcar with the formation
of a pointed fragment;

- in flat pelvic bones, the concept of the «bone
corridor» should be emphasized,whichisa species
notion related to the term «intramedullary canal»
and essentially represents a virtual space with
geometry dependent on the implant’s shape.
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Knee Arthoplasty in Chronic Hemodialysis Patients:
Standard Surgery or Complex Case?
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Abstract

Background. Chronic hemodialysis significantly increases the risks associated with knee replacement. Among
the late complications of knee arthroplasty in hemodialysis patients, deep periprosthetic joint infection (PJI)
and aseptic loosening are more frequent. The frequency of revision interventions in patients with end-stage
kidney disease (ESKD) is substantially higher compared to patients with normal kidney function.

The aim of the study — based on the perioperative parameters and midterm outcomes to justify the primary
knee replacement in chronic hemodialysis patients as complex case of arthroplasty.

Methods. A retrospective randomized single-center cohort study was conducted, including 62 patients with
various forms of knee osteoarthritis. Patients were divided into two groups: Group 1 — 29 (46.8%) patients with
end-stage renal disease (ESRD) undergoing dialysis, Group 2 — 33 (53.2%) patients without kidney pathology.
The average follow-up period in both groups was 3.7 years (min — 1, max — 6). The following parameters
were assessed: patient age, length of hospital stay, morphocortical index, body mass index (BMI), duration
of hemodialysis, functional assessment of the knee joint using the KSS Function Score and Forgotten Joint
Score-12 (F]JS-12), radiological results on the KRESS, and the frequency of various complications.

Results. In Group 1, patients had significantly lower BMI compared to Group 2. Length of hospital stay in
Group 1 were 1.7 times longer. According to the KSS Function Score, no significant differences were observed
between the groups in the first 36 months after the operation. However, by the 4th year of follow-up, average
KSS Function Score in Group 1 decreased to 77.3 points, which was due to infectious complications. The
FJS-12 showed worse scores in Group 2, averaging 68.7 points. After more than three years post-operation, no
statistically significant differences were observed between the groups, which was associated with an increase
in the number of complications in Group 1. Results on the KRESS after 43 months did not differ between the
groups and averaged 4.8 points. Group 1 had more orthopedic complications and cases of PJI, accounting for
7 out of 37.

Conclusions. Age and constitutional characteristics of patients undergoing hemodialysis significantly differ
from the normal population. The frequency of complications in Group 1 was 23.5%. These patients require
the implantation of more constrained implant components and modular systems. Therefore, primary knee
replacement in hemodialysis patients can be classified as a complex case of arthroplasty.
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JHAONpoTEe3MpOBaHMUE KOJIEHHOrO CyCTaBa Y NaLUEHTOB,
HaXoAAaWMXCS Ha XPOHMYECKOM reMoauanuse:
CTaHAApPTHasa onepauus UK CNOXKHbIA cnyvan?

A.H. len, H.E. MyutuH, A.K. [Iynaes, A.B. lllmenes

@I'BOY BO «Ilepebiii Cankm-Ilemepbypeckuii 20cy0apcmeeHHbili MeOUYUHCKUT YHU8epcumem
um. akad. U.I1. [Tasenosa» Mun3zdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

Pedepar

AxkmyanbHocmoy. XpOHUYECKUI TeMOOMaNN3 CYIIeCTBEHHO YBeJINUNBAET PUCKU HPU SHAOTPOTE3UPOBAHUN
konenHoro cycraa (31 KC). Cpenu no3gaux ocnoxkHeHuit 311 KC y narnueHTOB, HAXOOSIIIMXCS HA reMOoana-
Ju3e, yallle BCTpevaloTcs ryboKkast mepumnporesHas nubekuus (TIITA) u acenTuyeckoe paciiatbiBanue. Ya-
CTOTa PEBM3VOHHBIX BMENIATENbCTB Y MAIMEHTOB C TEPMUHAIBHOI CTamyeli XpOHUYECKOi 60Ie3HM MoYeK
(XBII) cyuiecTBEHHO BhIIIE TI0 CPABHEHMIO C Mal[ieHTaMy 6e3 MaToMOTUM TTOYeK.

Ilens uccnedosaHus — Ha OCHOBAHUY OLIEHKM TepUOIIePallMOHHBIX MOKa3aTeleil U CpemHeCPOUHBIX pe3yilb-
TaTOB MEPBUYHOTO SHAOMPOTE3MPOBAHMS KOJEHHOTO CYCTaBa y MalMEHTOB, HAXOASIIMXCSI Ha XPOHUUECKOM
reMmonuann3se, 000CHOBATh HEOOXOAMMOCTDb OTHECEHMS JAHHOI KaTeroOpUy Oreparuii K CJIOKHBIM CTyJasiM.
Mamepuan u memodsl. IIpoBeIeHO PeTPOCIIEKTUBHOE PaHIOMM3MPOBAHHOE OJHOIIEHTPOBOE KOTOPTHOE MCCIIe-
JIOBaHIe, B KOTOPOE BOIIIM 62 MalMeHTa C pas3IuJIHbIMK (opMaMu roHapTpo3a. [TanyeHTs! ObUTM pa3ieeHbl Ha
IBe rpymnmnbl: rpynna 1 — 29 (46,8%) naineHTOB ¢ TepMuHaabHOV cTaguent XBI1, Haxomsammxcs Ha Juanuse, Tpym-
ma 2 — 33 (53,2%) mauyenTa 6e3 rmatonoruu noyek. CpemHuii mepmos HabIomgeHUs B 00eMX IpyIinax CoCTaBuI 3,7
roga (min — 1, max — 6). O1leHMBaIM CIeIyoIIMe MoKa3aTean: BO3pacT NallMeHTOB, AJIUTeTbHOCTb HAXOKIeHUS
B CcTalMoHape, Moph0o-KOPTUKAIbHBIN MHAEKC, MHAEKC Macchl Tena (IMT), niauTenbHOCTb reMoayanisa, GyHK-
LIMOHAJIbHbIE TTOKA3aTesM KOJIEHHOTO CycTaBa B 6autax 1o mkaie KSS Function Score u mkaste 3a6bITOTO CycTaBa
(FJS-12), perntreHonorunyeckue pe3ynbTaThl o mkaje KRESS, yacToTy pasnamnuHbIX OCIOXKHEHWIA.

Pesynemamet. Y naiyeHToB rpymnmbl 1 MMT 6bI1 3HAUMMO HUKe IO CPAaBHEHMIO C TAIMeHTaMM TpyII-
bl 2. CpoKM rocrMtanusaiuu B rpymre 1 6putu Bbiie B 1,7 pasa. ITo mkange KSS Function Score B mepBbie
36 Mec. mocae ornepanuy 3HAUMMbBIX Pas3JINuMii MEXAY TPYyNIamMy He BbISIBJIEHO, OOHAKO K 4-My TOAy Ha-
omonenyus B rpymme 1 cpemume mokasatenu no KSS Function Score cumswinuch go 77,3 6a/uioB, 4TO 00-
YCIOBJIEHO WMHQEKIMOHHBIMUY OCIOKHeHMsIMU. Ilo mkame FJS-12 B rpymme 2 mokasaTenu ObUIM XYyKe
— B cpegHeM 68,7 6Ga/ta. B cpoku 6Gosee Tpex JIeT IMOCIe OHepalyy CTaTUCTUUECKM 3HAUMMOM pasHUILIbI
MEXAy TPYIIaMM BbISIBJIEHO He ObLIO, UYTO CBSI3aHO C YBeIMYEHMEM KOMMUYECTBA OCIOKHEHUI Yy IMalieHTOB
B rpymrie 1. PesynpraTs! no mkane KRESS uepes 43 mec. Mmexay rpynmnaMy He OTAMYaINCh M COCTaBUIN B CPeJi-
HeM 4,8 6asuta. B rpynme 1 66u10 60sbIe OPTONEANYECKUX OCTIOKHEHMIE U cryyaes TN — 7 u3 37.
3akntouenue. Bo3pacTHbIe ¥ KOHCTUTYLIMOHHBIE XapaKTePUCTUKU NALMEeHTOB, HAXOASIIMXCSI Ha TeMOoAuanmse,
CYIIECTBEHHO OTJIMYAIOTCSI OT OOTbHBIX OOBIYHOM MOIMYIAINY. YacToTa OpTONeaMUYECKUX OCTIOKHEHUI B TOI
rpyrme cocraBuia 23,5%. IM Heo6X0oayMOo MMILIAHTUPOBATh 6ojiee CBSI3aHHbIE KOMIIOHEHTBI SHIOMIPOTE30B U
MOAY/IbHbBIE CUCTEMBI. [I03TOMY MepBUYHOE 3HAOTPOTE3MPOBAHNE KOJIEHHOTO CYCTaBa Y NallMeHTOB, HAXOMsI-
LMXCSI HA XPOHUYECKOM reMOAVaIn3e, MOKHO OTHECTU K KaTETOpUMU CJIOKHBIX.

KioueBble CJIOBa: SHIOMPOTE3MPOBAHME KOJIEHHOTO CYCTaBa, XPOHMUECKUI TeMOAMaan3, XpoHudeckas 60-
JIe3Hb IIOYEeK.

IOnsa nutupoBanus: llen A.H., Mymitun H.E., ynaes A.K., llimeneB A.B. dHmonpoTe3npoBaHue KOJIEHHOTO CyCTaBa
y TMalMeHTOB, HaXONANIMXCS HAa XPOHMYECKOM TeMOAaMain3e: CTaHJApPTHAs oOmepanus WM CIOXKHBINA Caydain?
Tpasmamonoeus u opmonedus Poccuu. 2023;29(4):101-112. https://doi.org/10.17816/2311-2905-16495.
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BACKGROUND

Knee replacement is the most effective surgical
treatment for all etiological forms of grade II-
[II knee osteoarthritis. Modern international
and domestic publications indicate an annual
increase in the number of knee arthroplasty with
good long-term component survival rates [1, 2,
3,4, 5].

The presence of end-stage chronic kidney
disease (CKD) in a patient significantly increases
the risks of complications during surgery,
such as bleeding, acute cardiovascular events

(atrial ~ fibrillation, myocardial infarction,
pulmonary edema, pulmonary embolism, etc.),
and intraoperative periprosthetic fractures

[6, 7, 8]. Late complications of knee arthroplasty
in hemodialysis patients include deep
periprosthetic joint infection (PJI), with rates up
to 18% [9, 10, 11], and aseptic loosening, with a
rate of 16% [12, 13]. In domestic publications,
this problem is not sufficiently addressed.

The prevalence of end-stage CKD is
exponentially increasing in all countries [14].
Given the increasing need for knee replacement,
including in hemodialysis patients, there may
be an increase in revision surgeries in the near
future. Consequently, there is a growing need
for a more thorough analysis of primary knee
replacement outcomes in patients undergoing
chronic hemodialysis and the development of
preoperative preparation schemes, including
correction of calcium-phosphorus metabolism
disorders, acid-base status, anemia, bone mineral
density, thromboprophylaxis, and reduction of
the risk of infectious complications.

The aim of this study is to justify the
classification of knee replacement in patients
undergoing chronic hemodialysis as difficult
cases based on the assessment of perioperative
parameters and midterm outcomes.

METHODS

Study design

We conducted a retrospective randomized single-
center cohort study, which included 62 patients
with various pathogenetic forms of gonarthrosis.
These patients underwent knee replacement
performed by a single surgical team at the Pavlov
First State Medical University of St. Petersburg
from 2016 to 2022.

Inclusion criteria:

— grade 2-3 knee osteoarthritis according to
the N.S. Kosinskaya classification [15];

— bone defects of type 1-2A according to the
AORI classification [16];

- no previous knee surgeries;

- no severe knee trauma with hemarthrosis;

— full weight-bearing allowed no earlier than
4 weeks post-surgery.

Exclusion criteria:

— grade 1 knee osteoarthritis according to the
N.S. Kosinskaya classification;

— severe varus/valgus deformities of the knee;

- history of lateral or medial collateral ligament
ruptures/injuries leading to knee instability;

— active infectious processes in the knee area
in the preoperative period.

All patients were divided into two study groups:
Group 1 consisted of 29 (46.8%) patients (34 knee
replacement) with end-stage chronic kidney
disease (ESKD) 5D stage (chronic hemodialysis),
and Group 2 included 33 (53.2%) patients (37
surgeries) with various forms of knee osteoarthritis
without kidney pathology. The average follow-up
period in both groups was 3.7 years (min — 1, max
- 6). The main characteristics of the patients are
presented in Table 1.

Patients in both groups were comparable
in terms of the severity of knee osteoarthritis,
the extent of preoperative examination, and
postoperative management. Patients in both
study groups were randomly selected based on
the use of implants from a single manufacturer
(Zimmer NexGen, Warsaw, USA),butwithdifferent
degrees of constraint, ranging from cruciate
retaining (CR) to varus-valgus constrained (VVC).
Fully constrained systems (RHK - rotational
hinge knee) were excluded from the study
during the group selection process (Table 2).

In both study groups, bone cement with
gentamicin (Synicem 1G, 40 g) was used for
component fixation.

The average duration of hemodialysis before
surgery in patients in Group 1 was 7.7 years
(min - 1, max - 15 vyears). Hemodialysis
procedures were performed no later than 24 h.
before arthroplasty to minimize complications
related to the cardiovascular system and fluid-
electrolyte balance during surgery. The quality
of hemodialysis was assessed by calculating
the kt/V clearance coefficient, which was 1.34
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Table 1
Characteristics of patients
Group I (n=29) Group 2 (n = 33)
Parameter 34 operations 37 operations p

Gender, n (%)

Male 6 (20.6) 9 (27.7) -

Female 23 (79.4) 24 (72.3)
Mean age, years , 57.1+8.7; 58 66.7+9.5; 64 0.00002
M%SD; Me (Q1-Q3) (53.25-63.00) (60.00-76.00) :
BMI, M£SD 23.8+3.1 30.9+4.3 0.00001
Affected side, n (%)

right 19 (55.9) 18 (48.6) -

left 15 (44.1) 19 (51.4)
Deformation of knee, n (%)

varus 30 (88.3) 34 (91.9) -

valgus 4 (11.7) 3(8.1)
Mean duration of hospital stay, days; 15.3; 8.8; 0.00001
Me (min/max) 14 (8/33) 9 (5/15) ’
Morphocortical index of tibial bone 35.3; 33 40.8; 40
(Bernard-Lavallee-Zhentet)*, units.; Me (min/max) (21/57) (28/51) 0.002

*Reference: Marx V.O. Orthopedic diagnostics. Minsk: Science and Technology. 1978. P. 504-505.
Table 2
Main characteristics of implants
Implant characteristic Group 1 (n =34) Group 2 (n = 37)

Prosthesis fixation method:

CR 2 (5.9%) 31 (83.8%)

PS (posterior stabilized) 28 (82.4%) 5(13.5%)

VVC 4(11.7%) 1(2.7%)
Tibial component modularity:

All Poly 7 (20.6%) 29 (78.4%)

Metal-back 24 (70.6%) 7 (18.9%)

Precoat + stem 3(8.8%) 1(2.7%)
Femoral component modularity:

Standard femoral component 33 (97.1%) 37 (100%)

Revision component + stem 1(2.9%) 0
Bone defect replacement:

Cement 4 (11.7%) 2 (5.4%)

Autograft 2 (5.9%) 3(8.1%)

Allograft 0 0

Metal augment 4 (11.7%) 1(2.7%)

for all patients, indicating the adequacy of the
dialysates used in the preoperative period.

Both groups of patients received tranexamic
acid infusion and thromboprophylaxis according
to the new guidelines for the prevention,
diagnosis, and treatment of thromboembolic
complications in traumatology and orthopedics
approved in 2022 [17]. Standard antibiotic
prophylaxis for hemodialysis patients, as
approved by local regulations, involved the use

of protected penicillins in reduced doses and
less frequent administration for 5 days after the
hemodialysis procedure. Full weight-bearing was
allowed only 4-6 weeks after surgery.

The severity of osteoporosis in patients in
both study groups was determined by X-ray
using the Bernard-Laval-Zhentet morphocortical
index. Normal values for this index are within
48+9 units, and a value below 40 units indicated
osteoporosis of the proximal tibia.

104 2023;29(4)
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Results assessment

In the preoperative period, the condition
and function of the knee joint were assessed
using the KSS Function Score [18]. During the
clinical examination, tests for varus-valgus
stress, Lachman's test, "anterior and posterior
drawer tests" were performed, and the degree
of osteoporosis was assessed based on standard
X-rays and, if necessary, CT data. During surgery,
the average duration of the operation, the volume
of perioperative blood loss, hemodynamic
stability parameters, and the type of constraint
of the components based on collateral ligament
balance and the integrity of the posterior cruciate
ligament (PCL) were evaluated. Functional
parameters according to the KSS Function Score
were assessed at 6 and 12 months, and then
annually. F]JS-12 scores after knee replacements
were assessed at 12 months and subsequently
annually [19]. Radiological criteria for aseptic
loosening of components according to the KRESS
(Total Knee Arthroplasty Roentgenographic
Evaluation and Scoring System) were scored on
average at 43 months (min - 13, max - 72) [20].
The frequency of various complications was also
assessed throughout the observation period.

Statistical analysis

Statistical data analysis was performed using
IBM SPSS v. 20 software.

The normality of the distribution of
quantitative parameters, such as age, duration
of hospitalization, morphocortical index, body
mass index (BMI), duration of hemodialysis,
functional knee joint characteristics according

to KSS Function Score, FJS-12, and radiological
parameters in KRESS, was tested based on
the Shapiro-Wilk criterion (modified by
J.P. Royston). In case of non-normal distribution
of related samples, the Wilcoxon test was used,;
for unrelated samples, the Mann-Whitney
test was used. In cases of normal distribution,
Student's t-test for related and unrelated samples
was used. To assess the significance of the
influence of complications on the presence or
absence of chronic hemodialysis, the y2 criterion
with a likelihood correction and the strength of
association according to Pearson's contingency
coefficient were used.

RESULTS

The average length of hospital stay differed
between the groups. Patients in Group 1, who
received hemodialysis three times a week,
had a hospital stay that was 1.7 times longer,
indirectly indicating higher economic costs for
the treatment of one patient.

Functional results based on the KSS Function
Score did not statistically differ between the
groups in the preoperative period and averaged
48 points (Fig. 1). At 6, 12, 24, and 36 months after
surgery, no statistically significant difference in
KSS Function Score was observed between the
groups. However, by the fourth year after primary
knee arthroplasty in the group of patients
receiving hemodialysis, the average KSS Function
Score decreased to 77.3 points, which is likely
due to infectious complications in five patients.
In Group 2, only one infectious complication
occurred 48 months after arthroplasty.
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Fig. 1. Knee function assessed using
the KSS Function Score in the study

48 months groups over the follow-up period
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The assessment based on the FJS-12 at
12-36 months after knee replacement in Group 1
patients averaged 77.04 points (SD = 3.9) (Fig. 2).
In Group 2 (without terminal kidney pathology),
the FJS-12 was lower, averaging 68.72 points
(SD = 4.8). A statistically significant difference
(p < 0.0001) in FJS-12 results between the study
groups was observed in the first three years after
knee arthroplasty. However, no difference was
observed between the groups after three years,
likely due to an increase in complications in
Group 1. The better FJS-12 in Group 1 in the early
postoperative period are likely associated with
the presence of severe forms of polyneuropathy
that develop in the late stages of ESKD, resulting
in a sharp decrease in pain sensitivity thresholds.
Therefore, any improvement in physical and
functional status, as well as the condition of
the nociceptive system, leads to better FJS-12 in
hemodialysis patients.

Radiological results according to the KRESS at
43 months did not show a statistically significant
difference between the study groups (min — 12,
max — 72). Table 3 shows the results based on the
number of points obtained by countingthe lucency
lines in different zones at the "bone-implant”
boundary on standard X-rays in anteroposterior
and lateral views. There was no component
migration observed in patients from both groups
after primary knee arthroplasty. However, the
high number of observations with borderline
values (median = 3; 1-7) in Group 1 indicates

By
12 months 24 months 36 months

an increasing risk of revision interventions in
patients with terminal ESKD after TKR. It is also
important to note that according to the KRESS, in
89% of cases, lucency lines were detected on the
tibial component.

An example of a clinical case of aseptic
loosening of the tibial component leading to
infectious complications in a patient from
Group 1 after primary knee arthroplasty is shown
in Figure 3.

Orthopedic complications after primary knee
arthroplasty were predictably more frequent in
Group 1 (Table 4).

It is important to note that the total number
of complications did not differ between the
groups, but the lack of statistical significance
suggests the need for further research in this
direction. With an increase in the sample size and
longer follow-up, the frequency of orthopedic
complications may statistically differ between
patients who underwent knee replacement
with terminal stage ESKD and patients without
kidney pathology. However, the frequency of PJI
was significantly higher among hemodialysis
patients. Additionally, in one patient from
Group 1, during the implantation of the tibial
component, there was perforation of the lateral
wall of the tibia due to severe osteoporosis. After
an additional assessment of the severity of the
periprosthetic fracture, the decision was made
to immobilize the knee joint in an orthosis and
restrict weight-bearing for up to 6 weeks.

Fig. 2. Mean FJS-12 values

48 months
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Table 3

Radiological assessment results using the KRESS at an average follow-up

period of 43 months

Radiolucent line

Group 1 (n=34) Group 2 (n =37) p
Less than 4 points - insignificant 23 (67.7%) 34 (91.9%) 0.06
5-9 points - requires dynamic observation 11 (32.3%) 3(8.1%) 0.05

More than 10 points — component migration

Fig. 3 (a, b, ¢, d, e). A 32-year-old man with secondary osteoarthritis of the right knee.

Concomitant diseases: end-stage chronic kidney disease (5D stage), chronic hemodialysis for 7 years, type 1
diabetes:

a — X-rays in two projections and CT scans before surgery: a bone defect is detected in the posterolateral part
of the lateral femoral condyle;

b — knee after arthrotomy;

¢ — X-rays after knee replacement (a revision femoral component and a standard 100 mm stem; the bone
defect was replaced with two metal blocks of 5 mm and 10 mm, posterior-stabilized insert; standard tibial
component);

d — X-rays one year after knee replacement: no signs of osteolysis or component instability are observed;

e — X-rays of the right knee three years after arthroplasty: radiolucent lines are noted in zones 3, 4, and 2
of the tibial component according to the KRESS (indicated by arrows)
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Fig. 3 (f, 8). A 32-year-old man with secondary osteoarthritis of the right knee. Concomitant diseases:
end-stage chronic kidney disease (5D stage), chronic hemodialysis for 7 years, type 1 diabetes:

f — X-rays 3 years and 7 months after knee replacement (an articulating spacer was implanted);

g — X-rays 4 years and 2 months after primary knee arthroplasty (an articulating spacer was replaced with
a block spacer due to recurrent infection)

Table 4
Structure of complications in the study groups

Complication Group 1 (n = 34) Group 2 (n = 37) p
Aseptic loosening 0 -
Periprosthetic fracture 1(2.9%) >0.05
Periprosthetic joint infection 6 (17.6%) 1(2.7%) >0.05
Residual joint contracture 1(2.9%) 1(2.7%) >0.05
Total 8 (23.5%) 2 (5.4%) 0.05

DISCUSSION

Analyzing the average age of patients in the
hemodialysis profile who underwent knee
arthroplasty, we found that this value (57.1+8.7,
Me — 58) was significantly lower compared to
the average age of patients without end-stage
kidney disease (66.7+9.5; Me — 64 years). This
corresponds to the findings of N. Venishetty and
colleagues [21]. According to the latest reports
from the Swedish Joint Registry, the average age
of knee arthroplasty patients is 69.1+9.0 years,
in the Joint Registry of England and Wales, it's
70.0£7.0 years, and in the US Joint Replacement
Registry, it's 67.2+9.4 years [22, 23, 24].

According to the Vreden National Medical
Research Center of Traumatology and
Orthopedics joint replacement registry, this
value was 63.4 years in 2019, increasing over

the past few years [25]. The gender distribution
of men and women with degenerative changes
in the knee joint receiving renal replacement
therapy corresponds to the general population
(men - 20.6%, women — 79.4%; ratio 1:5).
Special attention should be given to the data
obtained when analyzing the degree of constraint
of knee arthroplasty components in patients
with a hemodialysis profile compared to patients
in Group 2 (see Table 2). According to the Joint
Registry of England and Wales for 2022, the
frequency of cemented knee replacements with
retained cruciate ligaments was 62.7%, posterior-
stabilized (PS) was 15.3%, and varus-valgus
constrained (VVC) was 1.7% [23]. Similar data is
presented in the US Joint Replacement Registry:
CR knee replacements — 57.4%, PS — 42.5%, VVC
- 0.2%, with a trend of increasing the use of
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less constrained knee implants in primary knee
arthroplasty [24]. Despite the lack of reports in
contemporary literature on long-term results of
knee replacement using CR and PS systems [26],
some studies, such as the work of G. Thuysbaert
and colleagues, have reported statistically
significant differences in FJS-12 when using CR
and PS implants [27]. This largely explains the
increasing frequency of less constrained systems
in Western European countries. However, in our
study, the proportion of CR knee replacements
in hemodialysis patients was only 5.9%, PS —
82.4%,and VVC — 11.7%.

The final choice of constraint level of the knee
implant was made intraoperatively in both study
groups based on the condition of periarticular
soft tissues, collateral ligament elasticity, the
status of cruciate ligaments, the degree of
osteoporosis, and the presence and size of bone
defects. In hemodialysis patients, we observed
weakness and hyperelasticity of soft tissues,
the posterior capsule, ligaments, and muscles
surrounding the knee joint in most cases. These
were associated with both concomitant renal
myodystrophy and deposits of -2 microglobulin
amyloid fibrils around the knee joint, confirmed
by histological studies. Additionally, there was
the formation of bone cysts in the intercondylar
notch of the femur and/or tibia, also filled
with -2 microglobulin amyloid complexes
(see Fig. 4).

Similar results were obtained when analyzing
the modularity of the tibial component. Among
patients in Group 1 receiving hemodialysis,
metallic-backed tibial components were
implanted in 79% of cases, and only 20.6% had
polyethylene monoblocks, which differs from
the usage patterns of tibial components in
patients without kidney pathology. The work of
K.A. Gustke and colleagues reports more frequent
use of polyethylene tibial monoblocks in elderly
patients [28]. V. Apostolopoulos and colleagues
report better 10-year survival rates of All Poly
Tibial implants (97.1%) compared to Metal-back
Tibial (93.2%) [29].

In patients in Group 1 who had been on
chronic hemodialysis for an extended period,
various methods of bone defect replacement were
required in 29.4% of cases. Such a high frequency
of compensating for bone mass deficiency is due
to the formation of bone cysts in the intercondylar
notch of the femur and/or tibia, also filled with
B-2 microglobulin amyloid complexes. According
to G.F. Scheumann and colleagues, the most
typical locations for the formation of bone cysts
in patients on long-term hemodialysis are the
femoral head and neck, spine, distal metaphysis
of the radius, and the intercondylar notch of the
femur [30].

Fig. 4. View of knee joint in patients receiving
hemodialysis after arthrotomy:

a — inclusions of -2 microglobulin amyloid fibrils
along the capsule, ligaments, and muscle fibers;

b — bone defect of the lateral femoral condyle with
adipose tissue and proteinaceous amyloid complexes
replacing the bone tissue in the background of chronic
inflammation
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One of the most common complications of knee
replacement is PJI. According to A.I. Stavrakis
and colleagues, the frequency of PJI development
within 90 days after knee arthroplasty in patients
with a hemodialysis profile is 2.66% [12]. In later
stages of follow-up, infectious complications
in patients on hemodialysis reach 18% or more
[9]. In our study, the frequency of infectious
complications among patients with end-stage
kidney disease after 3.4 years was 17.6%, which
is comparable to the literature data. Importantly,
we did not observe early infectious complications
in the first year after knee replacement, which
may be due to both routine use of antibiotic-
loaded cement for implant fixation and an
individualized approach to extended antibiotic
prophylaxis in this patient category.

CONCLUSIONS

Primary knee arthroplasty in patients undergoing
chronic hemodialysis treatment can be classified
as primary difficult interventions. This is due
to the age and constitutional characteristics
of patients in the hemodialysis profile, which
significantly differ from patients without kidney
pathology. The average length of hospitalization
for patients with end-stage kidney disease is
1.7 times longer, and the complication rate was
23.5% during an average follow-up period of 3.7
years. During the first three years, better results
were observed in terms of KSS Function Score and
FJS-12, which may be attributed to concomitant
renal polyneuropathy, reducing the pain
threshold, and less demanding expectations
regarding the outcomes of knee arthroplasty.
Patients undergoing hemodialysis  more
frequently received more constrained knee
implants (PS and VVC) compared to the general
population, as well as modular tibial and
femoral components. This is associated with the
presence of significant systemic osteoporosis
and the formation of B-2 microglobulin amyloid
complexes along the joint capsule, ligaments,
muscle fibers, and the formation of bone cysts in
the intercondylar notch of the femur and tibia.
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PepakunoHHbIM KOMMeHTapumii K ctaTbe A.H. Lleaa ¢ coasTopamm
«JHAONPOTE3UPOBAHUE KOJIEHHOrO CyCTaBa Y NAaLMEHTOB,
HaXoAAWMXCA Ha XPOHMUYECKOM reMoauanuse:

CTaHpApPTHas onepaums AU CNOXKHbIM CyYan?»

H.H. KopHuunos

QOI'BY «HayuoHanbHblli MeOQUYUHCKULL ucciedosamensckuli yeHmp mpasmamosnozuu u opmoneduu um. P.P. Bpedena»
Munsdpasa Poccuu, 2. Cankm-Ilemep6ype, Poccus

Pedepar

ToTanbHOe 3HIOIPOTe3UpoBaHKe KomeHHOro cycraBa (TOKC) y maiyeHToB ¢ TSKeloi coMaTuueckoit maTonorueit, K KoTopoit
OTHOCHUTCSI ¥ XpOHMUeCKast ToYeYHast HeJOCTaTOYHOCTb, COMTPSIKEHO C TIOBBILIEHHBIM PUCKOM Pa3BUTUSI OCIOKHeHMiA. [Taryen-
ThI, HAXOISIIVECS] Ha TeMOIua3e, TpeOYIOT KaK CIelyaIbHOl MpefoTepaioHHOl MOATOTOBKY, TaK 3a4acTyI0 M KOPPEKLUU
TIePUOTIEPAIIIOHHO aHAJIbTe3MY, AaHTUOMOTUKO- U TpoMOoTIpoduIakTyky. OTHAKO TEXHUYECKIIE BOIIPOCHI JOCTVKEHMST KITIO-
yeBbIx 33724 TOKC, B 4aCTHOCTY BOCCTAHOBJIEHNSI OCY KOHEUHOCTH, CTAGMIBHOCTY CyCTaBa U IMOTHOM aMIUTUTYIbI IBUKEHUA,
a Taxke JOCTMKeHMS HaIe)KHOM pUKcalyy MMIUIAHTATA, He OTIIMYAIOTCS OT APYTUX KIMHUYEeCKMUX CUTYaLit, KOTOpbIe Tpagu-
LIMOHHO OTHOCSIT K CJIOXKHBIM c/Tyuyasim repsuaHoro TOKC. Beex nx 06beqyHsIeT NOTeHLIMaIbHASI HEOOXOAMMOCTb TPYIMEHEHUST
MOZY/IbHbIX PEBM3MOHHBIX MMIUIAHTATOB Ipy nepsuuHom TOKC.

KiroueBblie cjioBa: KOJIE€HHBI CyCTaB, SHOOIIPOTE3MPOBAHME, [T0OUEeUYeUHasad HEJOCTAaTOUYHOCTDb, TeMOANA/IN3.

Editorial [@)er |

https://doi.org/10.17816/2311-2905-17423
Editorial Comment on the Article by A.N. Tsed et al.
“Total Knee Arthroplasty in Hemodialysis Patients:

Routine or Complex Surgery?”
Nikolai N. Kornilov

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

Abstract

Severe comorbidities, like chronic kidney disease, strongly associated with higher risk of complications after total knee
arthroplasty. Therefore hemodialysis patients need specific pre-operative as well as peri-operative management, including
proper analgesic, antibacterial and thromboembolic pharmacological prophylaxis. Nevertheless the technical issues that
surgeon has to solve in achieving proper leg alignment, knee stability and range of motion does not differ from other complex
knee primary cases when revision implants and instruments are essential part of surgical requisite.

Key words: knee arthroplasty, chronic kidney disease, hemodialysis.

[ dns uwuruposaumsa: Kopumnos H.H. PemakumoHHBII KoMMeHTapuii K crathe A.H. Ilema ¢ coaBTopa-
MU «JDHIONPOTE3MPOBaHME KOJIEHHOTO CyCTaBa Yy [allMeHTOB, HaxXOASMIMXCS Ha XPOHMUYECKOM TeMOAMaIu-
3e: CTaHJapTHAs omepauusl WM CJIOXKHBINA CIydaii?». Tpasmamonoeus u opmonedus Poccuu. 2023;29(4):113-115.
https://doi.org/10.17816/2311-2905-17423.

Cite as: Kornilov N.N. Editorial Comment on the Article by A.N. Tsed et al. “Total Knee Arthroplasty in Hemodialysis

Patients: Routine or Complex Surgery?”. Traumatology and Orthopedics of Russia. 2023;29(4):113-115. (In Russian).
https://doi.org/10.17816/2311-2905-17423.

DA< KopHunoe Huxonati Huxonaesuu / Nikolai N. Kornilov; e-mail: drkornilov@hotmail.com

IMonyuen: 28.11.2023. Ony6imkoBaH: 15.12.2023. Submitted: 28.11.2023. Published: 15.12.2023.

© Kopumnos H.H. / Kornilov N.N., 2023

113 2023;29(4) TPABMATONOIMNA N OPTOMNEANA POCCMN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KOMMEHTAPUWN / COMMENTS

ToTanbHOe SHAOMNPOTE3UPOBaHME 3apeKOMEH-
IoBayio cebst Kak 3 (PEeKTUBHBIN M HAZEKHbI METO]I
XUPYPrUUYeCKOro JieueHusl TalyeHTOB C TepMUHAb-
HBIMM CTagUsSIMM AeTeHepaTUBHBIX 3a00eBaHmil KO-
JeHHOTrO cycTtaBa [1]. Tem He MeHee 10607 OTIMYUHBIN
OT MIOMONATUYECKOTO TOHApTpo3a MaTOJOrMYeCcKuit
Mpoliecc, TPUBOASIIIMIA K pa3pylIeHUI0 CycTaBa, ac-
COLIMMPOBAH C TIOBBIIIEHHBIM PUCKOM paHHUX U
MO3JHUX TOCAeoIepalMOHHbIX OCIOXKHEHUI, cpeau
KOTOPBIX TIPEBATMPYIOT TEPUIIPOTEe3HAST MHOEKIINS
M acerTuyecKkoe pacliaTblBaHKe MMILUIAHTaTa [2].

Pa6ora A.H. llema ¢ coaBTOpaMy IOCBSIIIIEHA PeT-
POCIIEKTMBHOMY aHaju3y CpegHeCPOYHbIX pe3ysbTa-
TOB TOT&JIbHOM apTPOIVIACTUKM y TAlMEHTOB, HAaXO0-
ISIIMXCSl Ha reMopuanu3e. XpoOHMYECKYI0 MTOUEUHYI0
HepgocTaToyHoCTh  (XITH) TpaaAuMUMOHHO OTHOCST
K BaXHBIM (akTOpaM KOMOPOMAHOCTM, YBEIUUYMBA-
IOIIYM BEPOSTHOCTh KaK HEOMarompusITHbIX MCXOIOB
SHJOIPOTE3UPOBAHMS, TaK 3HAYMMOIO COKpAallleHMsI
MPOJO/DKUTETbHOCTH XXM3HM T10C/Ie 3aMeHbI CyCcTaBa Ha
MCKYCCTBeHHbII [3]. IarieHThl JaHHOV KaTeropuu tpe-
OYIOT CHeIMaIbHOI IMpefoIepalyiOHHON TTOATOTOBKU U
6oree IIUTENLHOTO HAXOKIEHMS B CTAllMOHAPE MOC/Ie
orepauyy 1jis1 KOppeKIM Kak paHee MMeIIMXCS, TaK
¥ BHOBb BO3HMKAIOIIVX HAPYIIIEHNH B paboTe OPraHOB
M CUCTEM, YTO HAISIAHO JEeMOHCTPUPYeT U HaHHasi
pabota. Kpome crienmasbHbIX OPTaHU3AIMOHHbBIX Me-
ponpusITUit yisi obecIiedeHusT TeMOANANIN3a B TIpel-
M TIOC/IeOoNepalyiIOHHOM Tepuonax, HeoOXoamMma MH-
IUMBUyaTbHAS KOPPEKIMS ITPaKTUUeCK Bceit hapma-
KOTepanuu: NepuonepauyoHHOi aHalbre3nn, aHTU-
OMOTHKO- ¥ TPOMOOITPOGUIAKTUKY, UYTO, HECOMHEHHO,
BBIAEJISIET STUX OObHBIX CPeOV MHOTUX IPYTUX C TSDKE-
JIOV COITYTCTBYIOIEV COMaTUYECKO ITaTOIOTUEN.

K ¢10XHBIM CTyyassM MepBUYHOTO 3HAOMPOTE3U-
pOBaHMUS TPAAULIMOHHO MPUHSITO OTHOCUTb T€ KIIN-
HUYEeCKMe CUTyallMu, B KOTOPBIX MCIIONIb30BaHMe
CTaHJAPTHOM TEXHUKU U MHCTPYMEHTOB COIPSIKEHO
C TIOBBIIIEHHBIM PUCKOM XUPYPTUUECKUX OIIMOOK,
a peBU3MOHHbIE MHCTPYMEHTAbHbIE CUCTEMBI Y M-
IJIAHTAThI C GOJIBINEN CTeeHbI0 CBSI3aHHOCTY HE006-
XOAVIMBI JIJISI TOTO, YTOOBI HE KOMITPOMETMPOBATD:

— TMpaBUIbHYI0O  OpMEHTAalMI0  KOMIIOHEHTOB
3HJIOTPOTE3a;

— HAJEXKHOCTHb UX GUKcaun;

— UTOTOBYIO CTAOMIBbHOCTH KOJIEHHOTO CYCTaBa;

— TIOJTHOLIEHHOCTDb BOCCTAHOBJIEHUSI ABVDKEHWIA [4].

Hanb6osee yacTo HEOOXOAMMOCTb B 3TOM BO3HMKA-
eT y TAIMeHTOB C ITPOTSDKEHHBIMY KOCTHBIMMU JTedeK-
Tamu, GUKCMPOBAHHBIMM AedOpMaIVSIMU, TSKETbIMU
KOHTPAKTypaMy M aHKWIO3aMM, HECOCTOSITEIbHOCTBIO
MSITKOTKQHHBIX CTabMIM3aTOPOB, JTOKAIBHBIM OCTEO-
MOPO30M, HEITPaBWIbHO CPOCIIMMMCS M HECPOCIITUMM-
Cs1 BHYTPU- ¥ BHECYCTaBHBIMMU TlepesioMaMu, TTOBPeX-
IeHUsIMM pasrubaTenbHOro anmapara [5].

[IpyHIUIIBI XUPYPTUYECKOI KOPPEKIMM OMMUCAH-
HBIX BbIIII€ CJIOKHBIX KIIMHUYECKUX CUTYaLUIA JeTalb-

HO PacCMOTPEHbI B OTEUECTBEHHON U 3apybekHOi
JIUTEpaAType U B 1IeJIOM He 3aBUCSIT OT MPUYMH, ITPU-
Be[IIMX K UX Pa3BUTHUIO [6, 7]. DTO TOATBEPXKAAETCS
u pesynbraTaMmu pabotsl A.H. Ilega ¢ coaBTOpamu:
TeXHMUYecKasl peajnmusalusl KJIacCUMUeckux 3amad To-
TaJIbHOTO 3HJOINPOTE3UPOBAHMSI KOJIEHHOTO CyCTaBa
(T9KC) B omepaliOHHOM y GOJIbHBIX, HAXOMSIIMUXCS
Ha reMopuasuse, He JEMOHCTPUPYET HUKAKUX OT/IU-
ynii. IHTpaomnepaioHHas Heo6XOAMMOCTb MCITIONb-
30BaHMsI TOTO MJIM MHOTO CITIOCO6a 3aMeneHusT KOCT-
HOro gedeKTa 3aBUCUT OT MPEATIOUTEHMUIT XuUpypra
M TeXHUYECKUX BO3MOXHOCTEN MeIUIMHCKOTO yu-
pexxaeHus (LOCTYIMHOCTM KOCTHBIX aJlJIOTpaHCIIaH-
TaTOB, META/UINYECKNX MOMIYJIbHBIX GIOKOB, BTYJIOK,
KOHYCOB), OT ITOBBIIIIEHNSI CBSI3aHHOCTU MUMILJIAHTATA,
OT COCTOSTHUSI MSITKOTKAHHBIX CTaOMIM3aTOPOB U TaK
nanee. Tem He MeHee, 3HasI O TSI’KEJI0M CUCTEMHOJ I1a-
TOJIOTMM, KOTOPAsT K TOMY JKe OyZIeT epCruCcTUPOBATh
M B JajbHelillleM, y ONEepUPYIOIIero Xupypra CHuU-
’KaeTcss BO3MOXKHOCTD IS KOMIIPOMMCCHBIX pelie-
HUI, TaK KaK OHM MOTYT ObITh HEHAJEeXKHBIMM Jaske
B CpegHeCpOYHO} mepcrneKkTuBe. IloaToMy aBTOPbBI
CIIpaBeJINBO MOAUYEePKMUBAIOT HEOOXOAVMOCTD HaJIM-
YKsl M IPpU MajeillinX COMHEHUSIX IPUMEeHEeHUs pe-
BU3MOHHBIX VIMIUIAHTATOB B IOAOOHBIX KIMHUYEC-
KUX CUTyalMSsIX.

C nmpyroit cTopoHbl, ecin naiueHT ¢ XITH, Haxo-
ISIINUIICS He reMoayan3e, 06paTuiics Ha MeHee BbI-
paskeHHOI cTaguy pa3pylieHusl CycTaBa, HalpuMep,
KOI[la oyar OCTeOHeKpOo3a JIOKaI1M30BaH TOIbKO B Me-
IMaJbHOM MBIIIENIKe 6eIpeHHOI KOCTH, fedopmarys
elle He HOCUT (PUKCUPOBAHHbIN XapaKkTep ¥ KOHTPaK-
Typa BbIpa)keHa yMepeHHO, TO BIIOJIHE YCIIeIIHO BMe-
CTO TOTAJbHOIM MOXKET OBbITh BBITIOJIHEHA YaCTUYHASI
apTpoIiacTMka. ABTOpPbI IPOJEMOHCTPUPOBAIN, UTO
YacToTa IMepuUIpoTe3HO MHQPEKIUY Y OOJIbHbBIX, Ha-
XOOSIIIMXCST HA TeMouasu3e, B 6,5 pas Bbllle 10 CpaB-
HEHMIO C KOHTPOJIbHOJ TPYIINONM, UTO CYIIECTBEHHO
TIpeBbIIIAeT [MOKa3aTey, oyyeHHble B OIPYTUX aK-
TyaJdbHBIX MCCIenoBaHMsIX [8]. B maHHOM cuTyauumn
OJIHOMBIIIIEJIKOBOE 3HIONPOTE3UPOBaHME BIIOIHE JIO-
TMYHO MOSKET OBITH METOIOM BbIOOPA IO CPAaBHEHMIO
C TOTJIbHBIM, TaK KaK acCOIMMPOBAHO C MeHbIlIeil Ha
IIBa MOPSIKA YaCTOTOM MHMEKIMOHHBIX OCIIOKHEHMIA
[9]. OnHako mpu 3TOM NMpOBeLeHNe XUPYPTUIECKOTO
JleueHus1 TpebyeTcsl, HECOMHEHHO, Ha 6oJjiee paHHEM
CpOKe pa3BUTUS TATOJIOTMYECKOTO Mpolecca B KOJeH-
HOM CyCTaBe.

B 3aBepiieHne HeoOXOOMMO IOMUEPKHYTb, UTO
XOThb ¥ Majiasl YMCJIeHHOCTh BBIOOPKM TpebyeT B3Be-
IIEHHOJ TPaKTOBKM TOJyYEHHbBIX Pe3ylbTaTOB, AaH-
Hasl pabora SIBJISIeTCS KpaiiHe BakHOJN, IpMBJIeKast
BHMMaHMe KJIMHUIMCTOB K KOMIIJIEKCY CUCTEMHBIX
M YaCTHBIX MPO6IeM, KOTOPble BO3HMKAIOT IIPU TPO-
BelleHMM TOTaJbHOTO 3HAOMNPOTE3UMPOBaHUs KOJeH-
HOT'O CycTaBa 60JIbHBIM C XPOHMUYECKOI 60JIe3HbBIO MO-
yek, HaXO[SIIMMCSl Ha TeMOoAuanuse.
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PesynbTaTbl OTKpPbITOro BNpaBieHUsl BPOXXAEHHOrO BbiBUXa 6eppa,
Bapu3UpYyOLLE AepPOTAaLLMOHHOM OCTEOTOMUM U aLeTabynonaacTUKm
no Dega y aereii ¢ pucnnasueit Ta3obeapeHHOro cycraBa:
peTpoCneKTUBHbIM aHanus

P.W. KexaitoB 2, A.A. Cemennctsiit 2, I1.P. Teoprues -2, A.W. l'epueB -2

I MeduyuHckuti yHusepcumem Coguu, 2. Cous, bonzapus
2 VHueepcumemckas cneyuaiuduposaHHas opmoneduueckas 6onvHuya um. npod. b. Boiiuesa, 2. Cogus, Boneapus

Pedepar

AKmyansHocms. JledeHue porpeccupyoliei AUCIia3uy Ta300eJpeHHOTOo CyCTaBa MPeICTaBseT OOMbIUIYIO TTPO6IeMY IJIs
JIETCKMX OPTOTIE/IOB B CBSI3U C BBICOKMM PUCKOM OCJIOKHEHMIA, Cpeiy KOTOPBIX HanboIiee TSHKEIbIMU SIBISTIOTCS] aBACKYJIISIP-
HBII1 HEKPO3 roioBKY 6enpeHHO KocTy (AHTBK) 1 perinaus BbiBuxa. [Ipy HamMbosee TsoKeNoi GpopMe IUCIIIa3uy — BPOXK-
JIeHHOM BbIBMXe Oefipa — mocie 1,5-ieTHero Bo3pacta IMoKa3aHo orepaTMBHOe yiedeHye. OQHAKO BOMIPOC OIMpeeneHust
o6beMa OrepaTMBHOTO BMEIIATeIbCTBA OCTAETCS CTIOPHBIM.

Ilens — mpenCcTaBUTh CpeIHECPOUYHbIE PE3YAbTATHI JIeUeHNs MalMeHTOB C MPOrpeccUpyIoleiil aqucruiasmeii Ta3o0epeH-
Horo cycraBa III-IV crenenu mo kimaccudmkanyy IHDI, KOTOpbIM BBITIOJIHSUIMCh OTKPBITOE BIIpaBjieHMe BbIBUXa Gempa
yepe3 MOIMMUIIMPOBAHHBIN AUTACTPATbHBINA AOCTYN Ganz ¥ Bapu3MpYIOIas AepOTAlMOHHAS OCTEOTOMUS OeqpeHHOi
KOCTY B KOMOMHALIMY C OCTEOTOMMEI MTOAB3A0UIHOM KOCcTH 110 Dega.

Mamepuan u memodst. TIpoaHaM3MPOBaHbl Pe3y/bTAaThl JeUeHNsT 12 TMalMeHTOB C MPOrpecCcUpyrolleit AucIiasueii Ta-
306empenHoro cycrasa III-1V crenenu o kinaccudukanyum IHDI B Bospacre ot 1,5 mo 3,5 set. BoinmonHeHo 13 oneparimii:
JlepOTaIMOHHASI BAPU3UPYIOIIAsT KOPPUTUPYIOIIAsi OCTEOTOMMUSI 6eJpeHHOI KOCTY B KOMOMHAILIMM C OCTEOTOMMeEi Tasa
o Dega. B ojHOM ciyuae orepaTMBHOE BMEIIATEIbCTBO BBIMTOJTHEHO GMjIaTepasibHO B IBa 3rana. CpegHuit CpoK Ha6III0-
neHust coctaBua 31,9%4.9 mec. (ot 12 1o 66 mec.). [l OLleHKM pe3yabTaTOB IPOBEAEHHON KOPPeKI UM aHAJIU3UPOBAIN
wlenyloniyie peHTTeHOMeTpuYecke mapaMeTphl 10 olepanyy, mocjie onepanuu 1 Ha TocaeTHeEM OCMOTpe: aleTabymsip-
HbIlt MHAEKC (AW), meeuHo-auadusapuslii yroa (IUAY) n mugekc murpaunu Peiimepa. ITpoBeieHa olleHKa YaCTOThI BO3-
HUKHOBEHUST OCJIOKHEHUI: penuaus BoiBMxa, AHI'BK, Hecpamenus, nHGeKUys U MOTepst KOppeKuyuu. Y 8 manyeHToB
C IepuoaoM HaboIeHus 60siee 2 JIeT MIPOBeAeHa OlleHKA PAa3HUIIBI ITMHBI KOHEUHOCTEN.

Pesynomamel. IIpoBeneHne octeoromun no Dega mo3Bonmiio CHU3UTb 3HaueHne AU ¢ 38,62° no 18,76° mocie onepauum u
1o 20,61° Ha mowtenqHeM ocmoTpe (p<0,05). B pesynbraTe Bapu3upPYIOILIEi JepOTAllMOHHO OCTeOTOMMUM OGefipa OTMEeUeHO
cHsKeHMe 3HaueHus LY ¢ 143,62° no 110,53° (p<0,05). AHI'BK Habmromasncs B 4 ciayvasix y 3 mauueHToB (25%), BKIovast
MalyeHTa, KOTOpoMy Obljia BBITIOJIHEHA OIepanust ¢ AByX CTOpoH. Ha mocinegHem ocmotpe Y yBenmumics o 119,11°
y 9 NalMeHTOB, Y KOTOPbIX He 6bul0 oTMeueHO paButTus AHI'BK, u ymenbimmics mo 87,75° y mauueHntoB ¢ AHTBK.
V opnoro naiuenTta ¢ AHI'BK oTmeueHO pa3BuUTHe BbIBMXA FOOBKY GeIPEeHHOI KOCTHM M3-3a MPOTpeccupyomieit BapycHO
nmedopmatyu (1o 41°). HecpaieHuii M MHOEKIMOHHBIX OCJIOKHEHUI He Hab/TI0/1a/10Ch.

Baxnouenue. OTKPBITOE YCTpaHEHMEe BbIBUXA OGelpa ¥ Bapu3MpPyoOLIasl JepOTallMOHHAs OCTEOTOMUST GeApeHHOI KOCTU
B KOMOMHAIIMY C OCTeOTOMMEl MOAB3OUTHOI KOCcTH 10 Dega siBiisieTcst 3bGeKTUBHBIM METOLOM JIEUeHMSI IPOTPeccupy-
IolIelt gucrasum tasobeapenHoro cycrasa III-1V crenenyu no knaccudukaiyy IHDI. MajeHbkast BbIGOPKA ¥ OTCYTCTBUE
TPYIIIbI CPAaBHEHMS HE MO3BOJISIIOT CAeIaTh BHIBOABI 00 3G (HEKTMBHOCTM BBITIOTHEHNUSI MOAM(UIIMPOBAHHOTO IUTaCTPalb-
HOTO MeTo/a 1Mo Ganz Kak Mepbl MPOGWIAKTUKMA Pa3BUTHS aBACKYISIPHOTO HEKPO3a TOJIOBKM 6eApeHHOI KOCTH TI0C/Ie orle-
pauum.

KiroueBbie cmoBa: AycCIia3usl Ta300eAPeHHOTO CycTaBa, BPOXKIEHHBI BbIBMX Oempa, JepoTalMOHHAs BapU3MPYIOIIast
ocTeoToMMsI 6efipa, OCTEOTOMMS Ta3a, aleTabynonacTmka.
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Treatment Outcomes After Open Reduction, Varus Derotational
Osteotomy and Dega Acetabuloplasty in Children With Dislocated
Dysplastic Hip: Retrospective Analysis

Raytcho I. Kehayov 2, Anton A. Semenistyy "2, Pavel R. Georgiev -2, Aleksandar I. Gerchev !-2

I Medical University Sofia, Sofia, Bulgaria
2 Specialized Orthopaedic University Hospital “Prof. B. Boychev”, Sofia, Bulgaria

Abstract

Background. Treatment of developmental dysplasia of the hip (DDH) poses a great challenge for pediatric orthopedists
due to the high risk of complications, the most severe of which are avascular necrosis of the femoral head and recurrent
dislocation. In the most severe form of dysplasia, hip dislocation, the surgery is indicated after 18 months of age. However,
the issue of determining the exact surgical intervention remains controversial.

The aim of the study was to provide our own midterm treatment outcomes of patients with DDH, who underwent open
reduction for DDH through a modified Ganz digastric approach and varus derotational femur osteotomy combined with
Dega acetabuloplasty.

Methods. The treatment outcomes of 12 patients with DDH grade III-IV according to the IHDI classification at the age of
1.5 to 3.5 years were analyzed. Thirteen operations were performed: open reduction, derotational varus femur osteotomy
combined with Dega acetabuloplasty. In one case, surgery was performed bilaterally in two stages. The average follow-up
period was 31.9%4.9 months (from 12 to 66 months). To evaluate the correction performed, a comparative analysis of X-ray
images (acetabular index (AI) and femoral neck-shaft angle (FNSA) and Reimers migration index (MI)) was performed before,
after surgery and at the last follow-up. The incidence of complications was assessed: recurrent dislocation, avascular necrosis
of the femoral head (AVN), nonunion, infection, and loss of correction. In 8 patients with a follow-up period of more than
2 years, the limb length discrapancy was assessed.

Results. Dega acetabuloplasty allowed to reduce the Al value from 38.62° to 18.76° (p<0.05) after surgery and to 20.61° at the
last follow-up. As a result of varus derotational femur osteotomy, a decrease in the FNSA value was noted from 143.62° to
110.53° (p<0.05). AVN was observed in 4 cases in 3 patients (25%) (including the patient who underwent bilateral surgery).
At the last follow-up, the FNSA increased to 119.11°in 9 patients without AVN and decreased to 87.75° in patients with AVN.
In one patient with AVN, the development of medial dislocation of the femoral head due to progressive varus deformity was
noted (up to 41°). No nonunions or infectious complications were observed.

Conclusion. The combination of open reduction, varus derotational femur osteotomy with Dega acetabuloplasty is an
effective method for treatment of DDH in toddlers. The small sample size and the absence of a control group do not allow
us to draw conclusions regarding the effectiveness of the modified Ganz digastric approach as a measure to prevent the
development of avascular necrosis of the femoral head after surgery.

Keywords: hip dysplasia, DDH, congenital hip dislocation, derotational varus femur osteotomy, pelvic osteotomy,
acetabuloplasty.
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BBEJTEHUE

[Tporpeccupyomiasi [UCIUIa3us Ta306epeHHoro cyc-
taBa (I[IITC) mpencrapisieT co60ii CIIEKTP MTaTOMOTHIA
OT JIETKO¥ AUCIUIa3uu O0 BbiBUXa 6enpa. Ee ormmum-
TelbHOJ OCOOEHHOCTOCTBIO SIB/ISIETCS IIPOTpeccupy-
Iolllee TeyeHMe, HauMHawlleecs B aHTEHAaTaIbHOM
nepuoze ¥ MPOAO/IKaloLieecsl B IOCTHATAIbHOM ITe-
puope, B CBSI3Y C UeM CTapble TepMMHBI «BPOKAEHHAS
IUCIIA3us» U «BPOXKIEHHBI BBIBUX Oegpa» OOIb-
uie He UCTONb3yOTCA [1, 2]. Jleuenue ITITC cBs13aHO
C GONMBUIMM KOJMMYECTBOM OCJIOKHEHUI U SIBSIETCS
OIHO} M3 CcaMbIX TPYLOHBIX 3a4ay JETCKOV OpToIle-
nuu [3]. Hanbonee tskenoit popmoit IIATC sBnser-
Cs BPOXKIEHHBIN BBIBUX Oelpa, COOTBETCTBYIOLIMIA
[II-1V cragusam no knaccudukauuu IHDI [4]. TIpn
He3(DHEeKTUBHOCTM  KOHCEPBATMBHOTO  JIEUEHMUS
K Bo3pacTy 18 Mec. peKOHCTpPYKIMS Ta300elpeH-
HOTO CyCTaBa SIBJISETCS 30JI0TBIM CTaHJapTom [5].
PekoHCTpYKLMS Ta300eIpeHHOr0 CycTaBa 3ak/iova-
eTcsl B IIPOBeJEeHUN OTKPBITOM MM 3aKPLITOM pe-
MO3ULINUM, OCTEOTOMMUM Oefpa U Tasa, MHOTAA KOM-
OMHMPOBAHHBIX C PA3IMYHBIMM BMeIIaTeabCTBAMMU
Ha CyXOXUIMSX U MbIIILAx [6, 7, 8]. [IpoBeneHne ot-
KPBITOI PEITO3ULIUU MOKET ObITh COTIPSIKEHO ¢ Goitee
BBICOKMM PUCKOM Pa3BUTHUS aBACKYJISIPHOT'O HEKPO3a
ronoBku G6empenHoit koctu (AHI'BK), HO mpu sTom
M03BOJISIeT JOOUTHCS JIYULIEero peMoJeapoBaHNUS
BepTIY>KHO Briaguuel [9, 10]. Mogudukanms gura-
CTpajbHOrO focTyna 1o Ganz 6e3 ocreoToMuy 60b-
IIOT0 BepTesia M03BOJIsIeT COXPAaHUTb KPOBOCHabKe-
HMe U CHMU3UTh puck passutus AHI'BK [11, 12, 13].
Korpa fesno xacaeTcsi oCTeOTOMMIA, MHOTME XUPYPIU

TIPeAIIOUMTAIOT BBITIOJIHEHME TOJIbKO BapM3UpyIoIei
IepOTaIMOHHOM YKOpauMBaloLIeil ocTeoToMUm Ge-
PEeHHOJ KOCTM, Opyruie — TOJIbKO OCTeOTOMMUM IIOf-
B3JOIIHOI KocTu [14, 15, 16]. CormacHO HAHHBIM JIK-
TepaTypbl, KOMOMHALIMS OCTEOTOMMUM Oempa M Tasa
MMeeT JiyJllne pesyabtaTsl [17, 18, 19, 20].

Ilenv uccnedosarus — TMPeACTaBUTh COOCTBEHHBIE
CpemHeCcpOYHble pe3y/lbTaThl JieUyeHUs Ial[ieHTOB
C Tporpeccupylolieii muciuiasueil Ta3obeapeHHOTo
cycraBa III-IV crenenu mo knaccudukauum IHDI,
KOTOPBIM BBITIOJHSIMCh OTKPBITOE YCTpaHEHME BbI-
BUXa, BapuU3UPYIolas JepoTalMOHHAsT OCTeOTOMMUS
O6epeHHO KOCTM B KOMOMHALMM C aneTabysoriac-
TUKOV 1o Dega.

MATEPHAJI U METO/IbI
Hu3aiin ucciegoBaHNUSa

BpInonHeHO peTpOCHeKTUBHOE KOTOPTHOE MCCIENO-
BaHMe.

[TpoaHanu3mMpoBaHbl Pe3yabTaThl ieueHUs 12 ma-
uneHToB (11 geBouek, 1 manbumk) ¢ IIATC B BO3-
pacrte 19-41 mec. V omHOTO MaieHTa Haboganach
JIBYyCTOPOHHSSI NTATOJIOTHS, B CBSI3U C YeM KOppeKLUs
BBITIOJIHEHA OMjIaTepaJibHO C WHTEPBAJIOM MEXIY
onepanusmu B 10 mec. (tabs. 1).

Kpumepuu exawuernus: IOTC III-1V crenenu mo
kinaccudumanym IHDI, Bo3pacT mamueHTa Ha MOMEHT
omepaiiuu He 6osee 3,5 et (42 Mec.), mepuom HabIo-
neHus He MeHee 1 rona.

Kpumepuu HesktoueHus: Halu4uye HelipoOMBIIIeY-
HbIX 3abosneBanuii. IIpusHaku passutus AHIBK mo
orepanyy He 6bUTM YUTEHBI TPU HAO6OPe MaI[MeHTOB.

Tabnuya 1
XapaKkTepucTHKa NanMeHTOB
Ne | Tlon Bospacr, mec. CTopoHa omnepauumn AW, rpan. Ay, rpag,. nwm, %
1 K 22 [TpaBast 40 135 100
2 K 22 [paBas 35 145 75
3 K 41 JleBast 40 147 100
4 K 29 JleBast 34 150 85
39 [paBast 34 150 100
5 M 20 ITpaBast 38 144 85
6 K 19 JleBast 35 136 100
7 K 26 IIpaBas 42 141 100
8 XK 23 JleBast 44 140 85
9 K 24 JleBas 40 140 100
10 K 22 ITpaBas 30 150 100
11 K 25 JleBast 43 149 80
12 K 31 JleBas 47 140 100
Cp. 26,38+3,61 38,62+2,67 143,62%2,97 93,08+3,44

AU — anetabynsipHbIii MHAeKC; LY — meeuHo-auabusapHblii yroia; UM — nHaekc Mmurpanyu Peiimepa.
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TexHuxa onepayuu

OnepaTuBHOEe BMeNIATeIbCTBO BBIMNOIHSJIOCh Yepe3
mopuduIMpoBaHHblii Joctyn Ganz 6e3 oCTeoTOMUM
6ompioro Beprena [11, 12]. OHO COCTOSITIO U3 OTKPbI-
TOTO YCTPaHeHMS BbIBMXA FOJIOBKYM G peHHOI KOCTH;
IEepOTallMOHHONM Bapu3MPYOIIEil yKOpauduBawlei
OoCTEOTOMMUM OelpeHHO KOCTM ¢ duKcamyuein 6710-
K/PYeMOI MIaCTUHONM [JIS1 BapU3UPYIOIIEel OCTeOTO-
muu 6empa 2,7 MM wim 3,5 MM ¢ yriom 100° wm 110°
(Pediatric LCP Plate System, DePuy Synthes); ocreo-
TOMMM Ta3a Mo MeTonuke Dega C IIacTMUKON mecTa
OCTEOTOMMM MOJB3A0IIHOI KOCTU TPACIIAHTATOM U3
6egpeHHO KocTH (puc. 1).

OueHka pe3ynbmamos

Cpenuuii cpok HabmomeHus: cocraBwi 31,949 mec.
(ot 12 go 66 mec.). [l OLIEHKU IIPOBENEHHOI KOP-
peKLMM BBITIOJIHEH CPaBHUTENbHbIN aHANNU3 peHTre-
HOI'paMM: alleTaby/IsIpHbIi nHAEKC (AN), meeuyHoama-
duzapusblii yroa (IIIY) u nagekc murpauumu Peiimepa
(M) mo (AU1, IAY1, UM1), nocie onepauyu (AN2,
HIay2, UM2) u Ha niociiegHeM ocmotpe (A3, IIAY3,
NM3). [IpoBeneHa OlleHKAa YaCTOThl BO3HMKHOBEHMS
ocnokHeHMI: peunaus BbiBuxa, AHI'BK, Hecpae-
HUsl, MHGEKLIMS M noTepss Koppekuun. Y 8 maiyeH-
TOB C IIepUOAOM HabIomeHKs 6oiee 2 JIeT IIpOBeIeHa
OLIeHKa PasHULbI AJIMHbI KOHEYHOCTEN (pUC. 2).

Puc. 1. Xupypruueckoe BMeUIaTeAbCTBO:

a — PeHTreHorpaMMma JIo Orepalyi: BU3yaau3upyeTcsl BBIBUX [IPABOr0O Ta306eIPEHHOr0 CyCcTaBa

(IV crenens nucruiasum no knaccudmkauyu IHDI);
b — XMpypruyecKkuii JOCTyI;

C — peHTreHorpaMMa I10cjIe Ofepanyy: BbIBUX IIPABOro Ta300eAPeHHOT0 CYCTaBa yCTPpaHeH, BHIITOTHEHa BapU3UPYIOIIast
octeoToMMsI 6GeipeHHOI KocTu, ukcaiys 2,7 mm LCP mutacTuHO# 1 atjetabyroriacTrka mo Dega

Fig. 1. Surgical intervention:

a — X-ray before surgery: dislocation of the right hip is visualized (Grade IV dysplasia according to IHDI classification);

b — surgical access;

¢ — X-ray after surgery: dislocation of the right hip is corrected, varus osteotomy of the femur is performed,
fixation with a 2.7 mm LCP plate, and acetabuloplasty according to the Dega technique

AU = 24°

way =120°

Puc. 2. PeHTreHOMeTpUUECKMe TTapaMeTphl Ta3a MaluyueHTa 2 jiet 1 mec.:
a — 70 orepanuu; b — mociie onepanun; ¢ — Ha IocjaeHeM OCMOTPe

Fig. 2. Radiometric parameters of the patient's pelvis aged 2 years and 1 month:
a — before surgery; b — after surgery; c — at the latest follow-up
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CraTucTuyeckuii aHaamus

AHanu3 pesy/nbTaTOB MCCAENOBAaHMUS ITPOBOAMIU
C MOMOIIBI0 IIPOTPAaMMHOr0 obecrieuenuss Microsoft
Excel 2010. M3 KonmnyecTBeHHBIX JAHHBIX COCTABJISIIIN
HeB3BellleHHble BapuallOHHbIe psabl. OTpemensin
CcpemHue, UX OIIMOKY M CTATUCTUUYECKYIO 3HAUMMOCTb.
[MTonyueHHbIE JaHHBIE 00PAOATHIBAJIN C IIOMOIIbIO Me-
TOZOB HellapaMeTPUUYecKoi CTaTUCTUKM C UCIIONb30-
BaHMeM KpuTepus BuiakokcoHa. PasHuiia cumransach
CTATUCTUYECKY 3HAUMMOI mipu 3HaueHmn p<0,05.

PE3VJIBTATDbI

[IpoBemenne ocreoromuu 1Mo Dega MO3BOAUIO CHU-
3uThb 3HaueHue AU c 38,62%2,67° mo 18,76%2,36°
(p = 0,00165) mocre omepanumu u go 20,61+2,25°
(p =0,00165) Ha mocimegHeM ocMoOTpe. Mismenenust AU
MocJie orepaluy U Ha MociegHeM OCMOTpe CTaTUCTU-
yecku 3Hauumsbl (p = 0,00107).

B pesynpraTe BapusupyoIeil OepoTaliiOHHOM
ocTeoTOMMM GeIpa MPOU3O0IUIO CHIUKEHME 3HAUeHMS
IOy c 143,62+2,97° mo 110,53%3,44° (p = 0,00160).
AHTBK nHab6mopancs B 4 cryuasax (30,1%) y 3 mereii
(25%), BKIIIOUAST TALIMEHTa, KOTOPOMY Oblja BBIMOJ-

HeHa omepauus ¢ ABYX CTOpoH (puc. 3). Ha mocnen-
Hem ocmotpe IIAY yBenmumiacs pgo 119,11%6,82°
(p = 0,03765) y 9 maumMeHTOB, Y KOTOPBIX HE ObIIO
oTmeueHo pa3Butusi AHIBK, M yMmeHbIIMICS OO
87,7+31,3° (p He oIpenessiics U3-3a MaJ€HbKO BbI-
60pku) y 3 maimentoB ¢ AHI'BK. Y ogHoro nanyeHTa
¢ AHI'BK oTmMeueHO pa3BUTHE MeOUATbHOTO BbIBMXA
TOJIOBKM GeIpPeHHOM KOCTY M3-3a MPOrpecCUpyroIneit
BapycHoi medopmaiium 10 41° (puc. 4).

Komb6uHMpoBaHHas orepanust M03BOJINIA
CHU3UTh WUHOEKC Murpauunu Perimepa Ha 89,23%
(p=0,00074) — ¢ 93,08+3,44% no 3,85+2,01%. Ha moc-
negHeM ocMoTtpe MM cocraBun 6,33+3,05% (13 aHa-
J3a ObUT MCKIIOUEH OAVH IallieHT C PaBUBIIMMCS
AHT'BK m mepmanbHbIM BbIBMXOM. Pasnuums B UM
Ha T0c/eorepaliOHHbIX PeHTITeHOrpaMMax M Ha 1o-
CJIeIHEM OCMOTPE ObLIM CTATUCTUYECK! He 3HAUMMBbI-
mu (p =0,05791).

V 8 manmMeHTOB C IepUOIOM HabOmomeHus 060-
Jiee 2 JieT BbISIBJIeHA pasHUIlA B JIJIMHE KOHEUHOCTe
1,81%0,72 cm (Tabm. 2).

Hecpaniennit 1 MHQEKIIMOHHBIX OCIOKHEHUI He
HaOGJII0IA/IOCh.

Puc. 3. PeHTreHOrpaMMbI HALMEHTKN B BO3pacTe 2 JieT 5 Mec.

Io oreparyu: IBYCTOPOHHMII BBIBUX Ta306€IPEHHBIX CYCTaBOB

(III cremeHb aycIasuu Mo knaccudmkanyy IHDI 6unaTepaibHo) (a);
TIoCIe TIePBOIA OTIepalyy: BbIBUX JIEBOTO Ta306€APEHHOr0 CycTaBa
yCTpaHeH, BBITIOIHEHA BapU3UPYIONIast OCTEOTOMUST 6eIpeHHOI
Koctu, ukcaryst 2,7 mm LCP tutacTuHOi 1 arjetabyioriacTuka
o Dega (b); uepe3 10 mec. mocie BTOPOJi omepanym:

BBIBMX ITPABOTO Ta306eAPEHHOr0 CyCTaBa yCTPaHeH, BhIMOJHEHA
BapM3MPYIOLIAsi OCTEOTOMUS 6eAPEHHOI KOCTH, hUKCaTIVsI

3,5 mMm LCP 1utactuHoi 1 anjerabysoriactika rmo Dega (c);
pa3BUTHMeE aBaCKYISIPHOTO HEKpO3a GuiaTepasbHO uepes 2 rofa

1 5 Mec. rocie repBoit oneparyu (d)

Fig. 3. X-rays of the patient aged 2 years and 5 months.

Before the first operation: bilateral dislocation of the hip
(Grade III dysplasia according to IHDI classification) (a);
after the first operation: dislocation of the left hip is corrected,

varus osteotomy of the femur is performed, fixation with a 2.7 mm
LCP plate, and acetabuloplasty according to the Dega technique (b);
10 months after the second operation: dislocation of the right hip
is corrected, varus osteotomy of the femur is performed, fixation
with a 3.5 mm LCP plate, and acetabuloplasty according to the Dega
technique (c); development of avascular necrosis bilaterally 2 years
and 5 months after the first operation (d)
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Puc. 4. PenTreHorpamMmbl auueHTKM B Bo3pacte 1 roga 10 mec.:

a — 10 ollepalyi: BU3yaJIM3UPyeTcsl BBIBMX ITPABOr0 Ta300€IPEHHOTO CyCTaBa
(IV crenens aucrias3um no kiaccudukauuy IHDI);

b — mocste omepatuy: BHIBUX ITPABOTO Ta300€PEeHHOTr0 CyCcTaBa yCTpaHeH,
BBINOJTHEHA BapU3UPYIOLIAst OCTEOTOMMS 6eIPeHHOI KOCTH, (UKCAIST

2,7 mm LCP ruracTmHOI 1 anjetabysnoracTyika mo Dega;

C — pa3BUTHME aBaCKYJISIPHOrO HEKPO3a M BapyCcHOi1 gedopmarm

C MeIuaabHOI qucaoKalMel ToJIOBKY uepes3 3 rofa

u 10 mec. mocse orepanyu; d — rocjie yaajieHus TUIacCTUHbI

Fig. 4. X-rays of the patient at 1 year and 10 months of age:

a — before surgery: dislocation of the right hip is visualized

(Grade IV dysplasia according to IHDI classification);

b — after surgery: dislocation of the right hip is corrected, varus osteotomy
of the femur is performed, fixation with a 2.7 mm LCP plate,

and acetabuloplasty according to the Dega technique;

¢ — development of avascular necrosis and varus deformity with medial
subluxation of the femoral head 3 years and 10 months after surgery;

d — after plate removal

Tabnuya 2
N3meHeHNsI peHTTeHOJIOTMUYEeCKMUX IIapaMeTpoB [0 U IMoc/Ie onepanmun,
Ha MocjegJHeM OCMOTpPe U XapaKTepUCTHKA 3aperuCTPUPOBAaHHbBIX OCIOKHEHUI
Cpok
N | HaGmomeHus, AU, AN2, | AW3, | IIOY1, | WIOY2, HIays3, I/H;II, I/H;IZ, I/II(\;IZ, Lo T —
Mec. rpag. | rpan. | rpap. | rpag. | rpap. rpag. % @ 3
1 54 40 15 18 135 105 41% 100 10 - AHTBK +
MeauaabHbIN
BBIBUX
18 35 19 21 145 117 112 75 5 5 HeT
3 30 40 19 21 147 105 127 100 5 5 HeT
4 29 34 24 26 150 110 103* 85 0 5 AHI'BK
19 34 18 19 150 110 107* 100 5 5 AHI'BK
5 66 38 13 15 144 115 124 85 0 15 HeT
6 53 35 15 17 136 104 100* 100 5 5 AHI'BK
7 12 42 20 21 141 112 114 100 5 8 HeT
8 17 44 20 22 140 100 105 85 0 0 HeT
9 13 40 14 16 140 109 111 100 10 18 HeT
10 31 30 16 18 150 120 129 100 5 HeT
11 48 43 24 26 149 120 136 80 0 5 HeT
12 24 47 27 28 140 110 114 100 0 0 HeT
Cp. 31,9+4,9 38,62 18,76 | 20,61 | 143,62 | 110,53 | 119,11+6,82 | 93,08 | 3,85 6,33 4/13
+ + + + + / + + +
2,67 2,36 2,25 2,97 3,44 87,7+31,3* 3,44 | 2,01 3,05

* Cpemuuii LTV Ha rocjieqHeM OCMOTPEe BbIUMCIISIICS OTHOEIbHO A1 maieHToB ¢ AHT'BK.
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OBCY>KIEHUE

MHoOrokpaTHble HeyJayHble MOMbITKY 3aKPbITO pero-
3MLMY TTOBBIIIAIOT PUCK Pa3BUTHUS aBaCKYJISIPHOTO He-
Kpo3a Mpu JieyeHMM BPOsKAEHHOTo BbiBMxa 6enpa [12].
B cBS131 € 3TUM XMPypruyecKkoe jieyeHue SiBseTcs 0cC-
HOBHBIM METOJOM YCTPaHEHMSI BPOXKIEHHOTO BbIBMXA
6enpa, HauuHas ¢ 18-mMecssuHOro Bo3pacra [5]. OgHako
Ha HACTOSIIMII MOMEHT He BbIPaO0TaHO eIMHOrO0 IO -
XOJa K BBIOOPY TOT'O MM MHOTO XUPYPTUUECKOTO JOC-
TyIla U MeTopa JieueHud [7, 8]. 3akpbITOoe yCTpaHeHMe
BbIBMXA 0e3 BBITIOJTHEHUS KaIlCyJIOTOMMM TIO3BOJISIET
COXpPaHUTb KPOBOCHAOKeHMe TOTIOBKM OeipeHHO KOC-
TU M CHU3UTb PUCK aBAaCKyJISIPHOTO HEKpO3a, OfHa-
KO COTIPSDKEHO € 60yiee BBICOKMM PUCKOM PelVANBOB
U XYM PeMOJeNMPOBaHNEM BePT/IY>KHOM BIIaLMHbI
[9]- B mpoBeneHHOM MeTaaHanu3e 9 peTpOCIeKTUBHBIX
ucciaenoBanuii Y.J. Wang ¢ coaBTopaMu MPUILLIA K BbI-
BOZY, UTO MPOBeJEHME OTKPBITON Perno3uLUM COMpPOo-
BOKIaeTcst 6ojiee BBICOKMM puckom pasutus AHI'BK
(36%) 10 CpaBHEHMIO C 3aKpbITOI pero3uumeit (21%)
y nauyueHToB [0 3 et [21]. [TosTOMY IIpK BBIIIOTHEHUM
OTKPBITOTO BIIpaB/IeHUSI BbIBMXA (C KaICYJIOTOMMEI)
60sbllIoe BHMMAaHME CTOUT YOEISITh XUPYPrUUeCKUM
JOCTyIIaM, TMO3BOJISIOIIMM JIydllle COXPaHUTb KPOBO-
cHabkeHMe cyctaBa. OmHUM U3 HUX SIBJISIETCS AOCTYIT
Ganz, MCIIONb3yeMblil 11 BBIIIOJTHEHUS XUpypruyec-
KOTO BbIBMXA 6eJpa. ABTOPHI He COOOIIAIOT O CyJasxX
pPasBUTHSL aBaCKy/ISIpPHOTO HEKpO3a IOC/Ie BbINOIHE-
HuA 213 omnepauuit y naliMeHToB B BO3pacTe OT 16 [0
58 ner [11]. MommduiypoBaHHbIi OUTaCcTPaTbHbIN
nmoctyr Ganz Mo3BOJIsIeT COXPaHUTh KPOBOCHAGKeHMe
TOJIOBKM GeipeHHOV KOCTY 6e3 BBITIOIHEHUST OCTe0TO-
Muu 6onbioro Beprena [12, 13].

BeinosiHeHMe BapuUsUpYIOLLEN OepOoTalMOHHOM
ocTeoTOMMM OeIpeHHOV KOCTM TO3BOJISIET LIeHTPU-
poBaThb TOJMIOBKY OelIpeHHO} KOCTM B BepPTIyKHOM
BHIAJM/HE U SIBJISIETCS BaKHBIM 3J1€MEHTOM PEKOH-
CTPYKUMM Ta300epeHHOr0 CycTaBa MpU AUCIUIA3UN
y neteii [14]. IIo faHHBIM HEKOTOPBIX aBTOPOB, YKOPO-
yeHMe Oefpa SIBISIeTCS HEOOXOAVMBIM [JIsI CHVDKEHMST
JlaBJIeHVS TOJIOBKY OeIpeHHOI KOCTY Ha BEePTIIYKHYIO
BIAAMHY M, COOTBETCTBEHHO, IJISI CHMKEHMSI PUC-
Ka aBaCKy/JISIPHOrO Hekpo3a [22]. BeinonHeHne Haf-
aleTabyasIpHO OCTEOTOMMM TIO[B3[OUIHON KOCTU
M03BOJISIET TPOU3BECTY PEOPUEHTALMIO BEPTIYKHOI
BIAAMHBI ¥ 3HAUMTENbHO YBEJINYUTH MOKPBITUE TO-
JIOBKM GempeHHO KocTu [23]. V meTeit mianiieit Bo3-
PaCTHO¥ TPYMIIBI C OTKPBITBIM Y-00pa3HbIM XPSILIOM
HayMeHee MHBAa3UBHBIM MeETOJOM, He TpeOyIoIIUM
IOTIOTHUTENbHOM GUKCAMM U TIPU ITOM XOPOIIO
cebsT 3apeKOMEH/IOBABIINM, SIBJISIETCSI OCTEOTOMMSI
tuna Dega, KOTOPYI0 Takke Ha3bIBAalOT aleTabyno-
IUIaCTUKOM [16, 23]. [Io maHHBIM JIUTEpPATYPbl, OLHO-
STaIHOe BBITIOTHEHYE OCTeOTOMUM 6eJpeHHOI KOCTHU
U Tasza IMO3BOJISIeT NOOUTHCS Haubosee MpreMIeMbIX

KJIMHUYeCKUX pe3ynbTaToB [15]. Tem He MeHee BhIOOD
TakTUKM edeHus npu IIJITC ocreTcs ClIOPHBIM.

A.F. Al Faleh c¢ coaBTOpamMu IpoaHaJIM3MUPOBAIN
pesyabrarsl Jeyenus 204 cayvaes [IOTC (Tonnis 4 —
B 62,3%) y 143 nereit B Bo3pacre or 0 1o 67 mec.
(cpemumii BospacT 25,3+13,9 mec.). B 82,8% ciyuaen
BBITIOTHS/IM OTKPBITYI0 PEMO3ULMIO U Ta30BYI0 OCTEO-
tomuto, AHI'BK Ha6mogancs y 10 mauyeHToB (5,9%).
B 10,8% cnydaeB BBIIOMHSAINUCH OTKPBITAs PEIIO3ULIMS,
BapMU3UpYyIOLas yKOpauMBaloIiasi ocTeoTomus 6empa
u ocreoroMust Tasa. CiryaaeB AHI'BK He Hab0ma10Ch,
OJTHAKO pa3HMIIa MeKAY IPYTIIaMy 6bLIa CTAaTUCTHUUEC-
KM He3Hauuma. ENVHCTBEHHBIM 3HAYMMbBIM (HaKTO-
poM, OKa3bIBalOIMUM BiausHue Ha passutue AHI'BK|
0Ka3aJIoCh KOHCEPBATMBHOE JieueHMe C TOIbITKaMU
3aKpBITOr0 yCTpaHeHMs BbiBuxa: passutime AHIGK
y 6 nmauyueHToB (14,3%). CTOUT OTMETUTb, UTO B JaH-
HOe HCCIeloBaHMe ObUIM BKIIOUEHBI MAI[MEeHThI
¢ mucruiasuein TMmoB 1 u 2 mo KiaaccupuKarum
Tonnis [24]. B npoBenenHoM MeTaaHanuse 21 uccie-
noBaHus yactora passutusg AHI'BK cocrasmiia 20,4%
y MaIMeHTOB C MOSBUBIIUMCS SAPOM OcCubUKALINU
n 21,2% — 6e3 anpa occudpukauuym Ha MOMEHT Ha-
yaJsa JieueHus, pa3HuIla MeKAy TpynnamMu 6b1a cra-
TUCTUYECKM He3Hauumoi. Kpome TOro, aBTOpbl HE
Hall/IYM CTaTUCTUYECKM 3HAYMMON pasHULbl B pUC-
kax passutusi AHI'BK 1mpu pasinyHbIX xupypruue-
CKMX IOCTYTaxX ¥ mMeTozax jeueHus [25]. Takum 06-
pasoM, BOIPOC OLeHKM (PAKTOpPOB puUCKa pasBUTUS
AHI'BK ocraeTrcst CHOPHBIM U TpebyeT malbHeiIero
U3y4YeHUs.

MbI IpUMeHSIM JUracTpaabHbli focTym no Ganz
B 13 cayvagx y 12 maumeHToB, passutue AHIBK
Habmoganoch B 4 (30,8%) cryvasax y 3 (25%) mamu-
eHTOB. OgHAKO CpaBHMBATb MOJyYeHHbIE [TaHHbIE
C pe3ynbTaTaMM MMPOBOI JUTEpPATypbl HEKOPPEK-
THO B CBSI3UM C MajleHbKOI BBIOOPKOI U Heo6XOo-
IVMOCTBIO OLleHKM OO0Jbllero KoiauyecTBa (GakTo-
pOB, OKa3bIBAWIIUX BaMsSHMUEe Ha pa3Butue AHI'BK,
a MMEeHHO: HeyCIIellHble MOTBITKM 3aKPBITOTO YCTpa-
HeHMs BbIBMXa OO 18 mec., BBIIIOJIHEHME OTKPBITOM
penosuiuy, 60ee BbICOKUI PUCK PA3BUTUS OCIOXK-
HeHM}I y MNaluMeHTOB C JBYCTOPOHHMM BBIBUXOM,
a Takke TO, YTO He YYMTHIBINCH NMPU Habope ma-
[MEHTOB MPU3HAKM AUCTPODUUECKUX MU3MeHeHU
B TOJIOBKe 6e/ipeHHO KOCTM Ha MpefoIepaIMOHHbIX
peHTreHorpaMmax.

Taxkum 06pa3oM, Ha HACTOSIIMIT MOMEHT OCTAeTCsI
MHO3KECTBO BOIIPOCOB 00 OMTMMATbHBIX METOZHAX Jie-
YyeHMsI BPOKAEHHOTO BbIBMXA Ta300€IpeHHOTO CyCTa-
Ba B 3aBMCUMOCTH OT BO3pacTa U CTeleHU AUCIIIa3um
KaK MPOKCUMMAJIbHOTO OTHena 6eqpeHHOi KOCTH, TaKk
M BEPTIYXHOJ BHaAuHbl. V3yuyeHMe 3TUX BOIPOCOB
B MPOCIEKTUBHBIX KIMHUUECKUX MCCAeL0BaHUIX
MpeACTaBisieT OObINION MHTEpeC.
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3AK/IIOYEHHME

Komb6uHalus Bapu3upyrolieii 1epoTalMOHHO 0CTeo-
TOMUM OGEeIPEeHHOI KOCTM C aleTaby/aoriacTUKoi 1o
Dega saBnsiercs 3G(EKTUBHBIM METOHOM JIEUEHMUSI
BPOKIEHHOTO BbIBMXA Oenpa. Vcronb3oBaHme Momu-
(upoBanHoro muractpansbHoOro goctymna mo Ganz
MOXeT CHU3UTb PU3K Pa3BUTUSI aBACKY/ISIPHOTO He-
KpO3a TOJIOBKM OeqpeHHO KOCTY IIPU BBITIOJTHEHUN

JOIIOIHUTEJIbHASI MTHOOPMALIMISI

3aseneHHslii 6K1a0 A8MOPo8

Bce aBTOpBI cuenany 3KBUBAJEHTHbBIN BKIAM B IOATO-
TOBKY IyOIMKAIUNA.

Bce aBTOpBI Mpowin U omo6puiv GUHAIBHYIO BEPCUIO
PYKOITMCHK CTaThy. Bce aBTOPBI COTVIACHBI HECTY OTBETCTBEH -
HOCTb 32 BCe acCIeKThl paboThl, YTOOBI 06ECIIEUNTh HaJIjIe-
Kalee pacCMOTPEHME U pellleHe BCeX BO3MOXKHbIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAAEXKHOCTHIO JII000T
yacTu paboTsl.

Hcmounuk  ¢uHaucupoeanus.  ABTOpPbI  3asIBJISIOT
06 OTCYTCTBUM BHEIIHETO (DMHAHCUPOBAHMS TIPU MTPOBELe-
HUY VCCIIEOBAHMSI.

Bo3moscHblli KOH(pAUKM uHmMepecos. ABTOPBI IeKia-
PUPYIOT OTCYTCTBME SIBHBIX U IMOTEHIIVATbHbBIX KOHMIMKTOB
MHTEPECOB, CBSI3aHHbIX C ITyOIMKaIeil HaCTOSIIIEeN CTaTh.

Omuueckas 3xkcnepmu3sa. He mpumMeHuma.

HugopmupoeanHoe coenacue Ha nyoaukayuro. ABTOpbI
MOJIyUMJTA TTVICbMEHHOE Corjlacue 3aKOHHBIX IIpe/ICTaBy-
Tejieil MalyeHTOB Ha MyOaMKaIMi0 MeIUIIMHCKUX JaHHBIX
u dororpadmii.
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Pedepar

AxmyansHocms. Borpoc BbIOOPA TAKTUKY JIEUEHNsI TTOTHOCTOMHBIX OCTEOXOHIPATbHBIX Te(GeKTOB TapaHHO KOCTH A0 CUX
TIOp SIBJISIETCS AKTyaJlbHBIM. [Ipy BbIGOpE TaKTUKM JIeUeHUST CJIeyeT YUUTHIBATb IBA KIIOUEBBIX MOMEHTA: BOCCTAHOBJIE-
HMe apXUTEKTOHWKYU TaPaHHOI KOCTY 1 BOCCTAHOBJIEHVIE XPSIIENIOA00HOT0 MTOKPBITHSI B 30HE OCTEOXOHAPAILHOTO fedekTa
B [OJITOCPOYHO ITepCIieKTHBeE.

Onucanue KauHU4Yeckoz20 cayuas. IlauyeHT 34 net, Gusndecku akTuBHbIN, B 2011 . MOay4YmI TpaBMy roJIieHOCTOITHOTO CY-
CTaBa, Jeumscs KoHcepBaTUBHO. B 2020 r. yCyMImanch skano6bl Ha 601 ¥ CHMsKeHYe aKTUBHOCTH. OlieHKa I10 [IKajzaM Ipu
nocrymieHu: BAIIl — 6 6annoB, AOFAS-AHS (3amuuit otaen crombl) — 49 6amioB, FAAM — 55 6a/utoB. Ha MPT BbIsIBIIEH
OCTEOXOHIPAIbHBIN HedeKT MeaualbHOTO OTAeIa KyIojia TapaHHOM KOoCTu pasmepoM 16,4x9,4 MM u ray6uHoit 20,8 Mm.
[ManyeHTy BBIOTHEHO 3aMellleHlie KOCTHOTO fedeKTa ayTOTPaHCIIAHTATOM, B3SIThIM U3 MISITOYHOM KOCTH, C TPYMEHEHeM
AMIC-texHONMOrMM (METOAVKY MHAYLIVMPOBAHHOTO Ha MaTpUILIe ayTOXOHApOoreHes3a). Uepes 6 Mec. MpOBefeH KOHTPOIbHBIN
OCMOTD, BBITTOJTHEHA apTPOCKOIMS TOJEHOCTOITHOTO CYCTaBa C yAaJleHKeM MeTa/utohuKcaTopoB. 1o JaHHBIM apTPOCKO-
1Y, 30Ha XOHIPOIUIACTUKM MTPAKTUYECKM MAEHTUYHA MHTAKTHOMY CyCTaBHOMY Xpsiily. Yepes rof, mocie XOHIPOTUIACTUKA
ManyeHT BePHYICS K MPeskKHel CIIOPTUBHOI akTuBHOCTYU. OlleHKa 1o mkamam: BAIII — 1 6ann, AOFAS-AHS — 94 6ama,
FAAM — 83 6asuta.

3axnrouenue. IlpennoskeHHBII MeTOZ, MMO3BOJSIET BOCCTAHOBUTH apXUTEKTOHMKY TapaHHOM KOCTM BMeCTe C XpSIILeBON
MOBEPXHOCTHIO. [IpyMeHeHe KOCTHOTO ayTOTPAHCIIAHTATA [TO3BOJISIET BOCIIONHUTD JeeKT TapaHHOM KOCTH, & YKPbITHE
ayTOTpaHCIIaHTaTa KOJUIAreHOBOI MeMOPaHOIi CITocO6CTBYET GOPMUPOBAHMIO B 30HE AedeKTa rMaanHOII0N06HOI Xpsile-
BOJ TKaHU.

KiroueBble cjioBa: TapaHHast KOCTh, OCTEOXOHIpaIbHbIi HJe(eKT, XOHAPOIlIacTMKa, KojlareHoBast memb6pana, AMIC.
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Repair of Bone Defect of the Talus with Calcaneus Autograft
and Autologous Matrix-Induced Chondrogenesis:
A Case Report

Gleb V. Korobushkin !, Bagavdin G. Akhmedov?, Vitaliy V. Chebotarev?,
Arip R. Gaidarov?

I National Medical Research Center for Traumatology and Orthopedics named after N.N. Priorova,
Moscow, Russia

2 Vishnevsky National Medical Research Center of Traumatology and Orthopedics,
Moscow, Russia

Abstract

Background. The question of choosing a treatment strategy for full-thickness osteochondral defects of the tarsal bone
remains relevant. When choosing a treatment strategy, two key points should be considered: restoring the architecture
of the tarsal bone and achieving long-term restoration of cartilage-like coverage in the area of the osteochondral
defect.

Case report. A 34-year-old physically active patient sustained an ankle injury in 2011 and was treated conservatively.
In 2020, he complained of pain and reduced activity. Initial assessment scores were: VAS (Visual Analog Scale) —
6 points, AOFAS-AHS (American Orthopaedic Foot and Ankle Society Ankle-Hindfoot Score) — 49 points, FAAM (Foot
and Ankle Ability Measure) — 55 points. An MRI revealed an osteochondral defect in the medial part of the tarsal
bone dome, measuring 16.4x9.4 mm and with a depth of 20.8 mm. The patient underwent the replacement of the bone
defect with an autograft taken from the heel bone, using autologus matrix induced chondrogenesis (AMIC) procedure.
After 6 months, a follow-up examination was performed, including ankle arthroscopy and removal of metal fixators.
Arthroscopic findings showed that the chondroplasty area was almost identical to intact joint cartilage. One year after
chondroplasty, the patient returned to his previous level of physical activity. Assessment scores were: VAS — 1 point,
AOFAS-AHS — 94 points, FAAM — 83 points.

Conclusion. The proposed method allows for the restoration of the architecture of the tarsal bone along with the cartilage
surface. The use of a bone autograft helps to fill the tarsal bone defect, and covering the autograft with a collagen membrane
contributes to the formation of hyaline-like cartilage tissue in the defect area.

Keywords: tarsal bone, osteochondral defect, chondroplasty, collagen membrane, AMIC.
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BBEJEHUE

OcreoxoHapasnbHble AedeKTbl TapaHHON KOCTU COC-
TaBISIOT 4% OT BCeX MOBPEeXIeHUI CyCTaBHOTO
xpsima [1]. B 75% ciyuaeB puuMHOi BOSHUKHOBEHMS
OCTEeOXOHAPATbHBIX AeheKTOB TapaHHO KOCTY SIBJISI-
eTcs TpaBMa, Kak IpaBUjIo, peUUAMBUPYIOLMIT IO -
BBIBMX B I'OJIEHOCTOITHOM cycTase [2]. Hamie Bcero 3a
TIOMOIIIbI0 0OPAIAIOTCS JIIOAM MOJIOLOTO TPYHOCIIO-
COOHOTO BO3pacTa U MallMeHThl, TOBCeAHEBHAS Hesi-
TeIbHOCTb KOTOPBIX COMPSDKEHA C MOBBILIEHHO ABMU-
raTesbHOI aKTUBHOCTbBIO U CIIOPTOM [3, 4, 5]. JleueHue
JAHHOI MaToNIOruM 06YCIOBIEHO CJIOKHOCTHIO TMar-
HOCTUKM: Hecrenyuduueckasi KIMHMUECKas KapTuHa,
MIPOSIBIISIONIAsICS 60/IbI0 B TOJIEHOCTOITHOM CYCTaBe,
MaJIOMH(POPMATUBHOCTb peHTreHoTrpaduy Ha paHHUX
craausx 3abomeBanus. Okono 30-43% moBpeskoeHnin
Ha peHTreHorpamMMax He UAeHTUGULUPYIOTCS, a 1N -
TeabHAasl CMMIITOMAaTUYecKas Tepanus, He JOIMOJTHEeH-
Hasl 3TUOTPOITHOM, MPUBOIUT K MPOrPeCCUPOBAHUIO
3a6omeBaHus ¥ (GOPMUPOBAHMIO TTOTHOCIOHOTO
0CTeOXOHApabHOTO fedekTa [6, 7].

[lpy XUpypruyeckoM JieYeHUM OCTEOXOHIPallb-
HbIX 1e(heKTOB IMPOKO UCIIOMb3YIOTCS apTPOCKOIIN-
yeckue ocreorepdopaTuBHble MeTOAVKM, KOTOpPbIE
MUHUMMU3UPYIOT TIOBPEXIEHMSI MSITKMX TKaHel u
KOCTHBIX CTPYKTYD [8, 9, 10]. PesynbraT IaHHOrO BO3-
IelicTBUS — obpa3oBaHue B 06acTy gedeKra Xpsiie-
BOTO pereHepara, HaltOMMHAIOIIEero GUOPO3HbIN XS,
KOTOpBIIi 1O CBOMM OMOMEXaHMUYeCKUM XapaKTepwu-
CTMKaM YyCTyIlaeT rmajamMHoBoMy xpsuty [10, 11, 12].
Pemienuem mpo6ieMbl BOCCTAaHOBJIEHMUS XPSILEBO-
rO TIOKPBITUSI MOKET ObITb IIpMMeHeHMe MeTOIM-
KU KyJbTUBMPOBAHMSI ayTOJOTUUYHBIX XOHAPOLMTOB
n AMIC-texnonoruu [13].

B 2006 r. P. Behrens c coaBTopaMu BIiepBbIe Ipu-
MeHWIN [JIs JIeueHUsT OCTeOXOHIPaIbHbIX eheKTOB
KOJIEHHOTO CyCTaBa KoJlJlareHOBble MeMOpaHbl [14].
M. Wiewiorski ¢ coaBTopamu ormcany Mmoguduumpo-
BaHHYI0 MeTonuky AMIC (autologous matrix-induced
chondrogenesis, B pycCKOSI3bIUHO} JUTepaType —
XOHJApPOreHe3, MHIAYIMPOBAHHBIA ayTOJO0TUYECKON
MaTpuLei) Jis JiedeHUsT IMalieHTOB C OCTEOXOH]I-
panbHbIMU AedeKkTaMM TapaHHOI KocTu. 15 BoccTa-
HOBJIEHMSI apXUTEKTOHMKY TApaHHOI KOCTU 3apybesk-
Hble KOJUUIETY MCII0/Ib30BaIM CIIOHTMO3HBIV KOCTHBIN
ayTOTPaHCIJIAHTAT, KOCTHAs IJIACTUKA JOMOIHSIACh
KOJIJIareHOBO¥ MmeM6paHoit [15].

Mbl aganTupoBaiM UM MOOUPUUIMUPOBAIU METO-
IuKy, npennoxeHHyro K.A. ErmasapsHoMm ¢ c0aBTO-
pamu 151 jeueHus 6onesHu Kéumra, xotopas 3a-
K/II04asnach B BBbINIOJHEHMM MO3aUYHOM KOCTHOM
ayTOXOHAPOIUIACTUKY C NPUMEHEHMEM TEeXHOIOTUMN
AMIC u nocienyruuM apTPOCKOMMYECKMM KOH-
TponeMm [16]. Hamu paspaboran crocob 3amerneHust
TIOJTHOCJIOMHBIX KOCTHO-XPSIIIEBbIX Te(deKTOB CyCTaB-
HOJi IOBEPXHOCTU TaPaHHOM KOCTH, 3aK/II0UAIOIINIACS

B MNPUMMEHEHM) KOMOMHMPOBAHHOV KOCTHOM ayTo-
IUIACTUKM C ucnonb3oBaHueM AMIC-TexHOmOTMM
(nateHT P® N2 2766042).

Llenv uccnedosanus — Ha KIVMHUYIECKOM IIPUMEPE
MPOAEMOHCTPUPOBATh BO3MOKHOCTM KOCTHOV ayTo-
IUIACTUKU B coueTaHuM ¢ TexHonorueir AMIC nipu ne-
YeHUM TOJTHOCIOMHOTO KOCTHO-XPSIIEBOTO AedeKTa
TapaHHO KOCTU.

OINIMCAHUE KIIMHUYECKOTI'O CIIVUA4

IMauyeHt 34 yer 6e3 COIYTCTBYIOIIEH MATOJOIUU
B 2011 r. Mosy4Ymsi TpaBMy TOJIEHOCTOITHOTO CyCTaBa
BO BpeMs 3aHSITUIi CIIOPTOM B TpeHakepHOM 3aJie,
MoC/e 4Yero ero HayvaauM OeCITOKOUTH ITOCTOSTHHbIE
6011 HOIOIIEr0 XapaKTepa M OTEUHOCTb B 06JaCTU
TOJIEHOCTOTIHOTO cycTaBa. KoHcepBaTMBHas Tepanus
(HITBIT 1 XOHAPOIIPOTEKTOPHI) HE Aajia MOI0XKUTENb-
Horo sdgdexra. Bonm ycunmBanuch mpu pusnuueckoin
Harpyske, 4To [eaJI0 HeBO3MOYKHOI MPEKHIOW hu-
3MYECKYI0 aKTMBHOCTb. BOJIeBOI CUMHAPOM YCUINJI-
cst B 2020 r. ITamuent obpatwicas 8 HMULL TO um.
H.H. IlpmopoBa. CocTosiHMe MalyieHTa Ipu IOCTY-
IJIeHuM B KIMHUKY: BAIIl — 6 6amioB, AOFAS-AHS
(American Orthopedic Foot and Ankle Society scale —
Ankle Hindfoot Scale) [17] — 49 6annoB, FAAM (Foot
and Ankle Ability Measure) [18] — 55 6a10B.

beuto BeinonHeHO MPT 71€BOro rosieHOCTOITHO-
ro CycTaBa: IMPOCJIEKMUBAJICS TeTEePOTeHHBI CUTHAT
B MeAMaabHOM OTZAesle Kyroja TapaHHOW KOCTH, BbI-
SIBJIEHbI XOHAPOMAJSIMUS CYCTaBHOI TOBEPXHOCTH,
MepecTpoiika KOCTHOJM TKaHM MeOMaibHOTO OTAea
TapaHHOI KOCTU. B 06/1acTy MeauasbHOTO KYIOjia Ta-
PAHHOI KOCTU OMpenensiCsl OCTEOXOHAPaIbHBIN fOe-
dexT pasmepammu 16,4x9,4x20,8 mm (puc. 1).

Puc. 1. MPT s1ieBOro roieHOCTOITHOTO CYCTaBa,

MYJIbTUIUIAaHAPHAS] PEKOHCTPYKI[MST
(T2-B3BellIeHHOE U306pakeHNe):

a — (GpoHTaTbHAS TIJIOCKOCTD;

b — caruTTanbHas MIOCKOCTb

Fig. 1. MRI of the left ankle, multiplanar reconstruction
(T2-weighted image):

a — frontal plane;

b — sagittal plane
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Xupypeuueckoe emeuwiamenscmeo. B yeroBusix mpo-
BOOHMKOBOJ aHeCTe3MM, B MOJIOKEHU!M TalleHTa Ha
JIeBOM OOKY C TYPHMKETOM Ha HVDKHEN TpeTu 6eapa,
BBITIOJIHEH OCTYN K MeAMabHON Joabikke. C Ipu-
MeHEeHMeM IIeBPOHHOM OCTEOTOMUM MeINaIbHOM JIO-
IBDKKM OCYIIECTB/IEH ITOCTYIT K OCTEOXOHIPATbHOMY
medeKTy MeaualbHOTO OTHeNia KyIoja TapaHHOA
koctu. Ilpm peBM3uUM OIpenessics W3MeHEeHHbIN
Xpsilll, KOTOPBIN JIETKO OTAEIWJICS OT IOoAJiexxalei
KOoCTM € (OPMMPOBAHMEM OCTEOXOHIPAIbHOrO Je-
dekra 16,4x9,4 mMm. O6beM yIAJEHHOIO MaTepuasa
orpefessiyicsl 0 pe3yabTaTaM IMpeaoIepalioHHO-
ro MUIaHMPOBAHMS, OCHOBAHHOIO Ha nOaHHbIX MPT.

Puc. 2. YoaseHue n3MeHEHHOV KOCTHO-XPSIE€BOJ TKaHU:
a — MHTpaoInepaioHHoe $HoTo;
b — ¢moopockonyeckast KapTuHa

Fig. 2. Removal of altered bone and cartilage tissue:
a — intraoperative photo; b — fluoroscopic image

N3meHeHHas KOCTHO-XpslleBasd TKaHb

(puc. 2).

Haee n3 ckara MNITOYHOM KOCTU (IOp3ajibHas I10-
BEPXHOCTb IMSITOYHOM KOCTU MEXAYy 3aJHeli CyCTaB-
HOJi (haceTKOi IMSATOYHOV KOCTU M MpemaxuIISpHO
006/1aCThI0 MSITOYHOJM KOCTM) 3abmpasicsl CTPYKTYp-
HBIIi KOCTHBI ayTOTPAaHCIIAHTAT, 00BbeM KOTOPOIO
COOTBETCTBOBAJI 00BEMY YHAJE€HHO! KOCTHONM TKa-
HM U3 TapaHHOI KocTu. MeTomoMm press-fit KOCTHBI
ayTOTPAHCIUIAHTAT YCTAHOBJAEH B CHOPMUPOBAH-
HOe JIOKe TapaHHOM KOCTu. [JisI ToaydyeHus] Make-
Ta medeKkTa MCIIOIb30BAJICS IIAOJIOH U3 CTEPUIbHOI
aJIOMMHNMEBO ¢onbru. Momenb U3 (OIbIU COOT-
BETCTBOBA/IA IUIOIMAAN HedeKTa TapaHHOW KOCTU U
TOJIHOCTBIO MOKPbIBaJIa KOCTHBIN ayTOTPaHCIIJIaHTaT,
MOC/Ie Yero MOATOTOBJIEHHAsST KoJIareHoBasi MeMoOpa-
Ha (OprocodT, Poccust), mpeaBapuTeIbHO YBIAKHEH-
Hast GUOPUHOBBIM TejIeM C KJIEIOIIeil CIIOCOOHOCTHIO
(Kpuodut, Poccust) ycraHaBiaMBaaach Ha KOCTHBIN
ayToTpaHcIiaHTaT. OCTeOTOMUPOBAHHBIN (parMeHT
MeIaTbHOM JIOABIKKM (UKCUPOBAH ABYMS BUHTAMM,
paHbI NOCJIOMHO YIINTHI.

s ipuagaHus TIOKOSI OIIEPUPOBAHHOM KOHEYHOC-
TU Y TPODWIAKTUKY PA3BUTHUSI SKBUHYCHOTO ITOJIOKe-
HMSI CTOITBI BBITIOJTHEHA €€ MMMOOVIT3aIIVs TUTICOBOI
MMOBA3KOI. PekomeHmanum: xogbba Ha KOCTBUIAX 6e3
Harpy3kyu Ha ONEePUPOBaHHYI HMUKHIOI KOHEYHOCThb
B TeueHMe 8 HeJ,. C MOCIey0NIMM IlepexofoM Ha op-
Te3 M HAvYaJIOM J03MPOBAHHOI HArpysku, akTMBHas
paspaboTka OBMKeHUIT B TOJIEHOCTOITHOM CYyCTaBe.
[lepexon Ha MOJIHYI0 HArpys3Ky udepe3 8 Hem. Mocie
orepaiuu.

ymaneHa

Puc. 3. 3amereHne gedeKkra KOCTHBIM ayTOTPAHCIIAHTATOM :

a — B[ ayTOTPaHCIUIAHTATA, [IOMEIEHHOTO B 30HY OCTEOXOH/IPaJIbHOTO IedeKTa;

b — nocse 3anonHenus nedekra crepubHast posibra CMOIEIMpPOBaHa B COOTBETCTBUY C pa3MePOM
KOCTHO-XPSIIIEBOTO AeheKTa;
C — KoJutareHoBast MeM6paHa 1ocjie HaHeceHMsI pUOPMHOBOTO TeJis C KJIEHIIeli ClIOCOOHOCThIO TTIOMeleHa
B 30HY OCTEOXOH/IPAJIbHOTO eeKTa;
d — peHTreHoMOTMY€eCKIii KOHTPOJIb FOJIEHOCTOITHOTO CyCTaBa Mmocie (puKkcauuy MeaaabHOM JOIbDKKY BUHTAMMU

Fig. 3. Replacement of the bone defect with a autograft:

a — view of the autograft placed in the osteochondral defect;

b — after filling the defect, a sterile foil is shaped according to the size of the osteochondral defect;
¢ — a collagen membrane is placed in the osteochondral defect after applying a fibrin adhesive gel;
d — radiographic control of the ankle joint after fixing the medial malleolus with screws
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Ha ocmoTtpe uepe3 6 mec. OTMeueHa MOJIOXKUTENb-
Has IMHAMMKa: ypoBeHb 6oy 1o BAIIl cHusmiicst oo
2 6annoB, onenka o AOFAS-AHS — 90 6ajioB, 110
FAAM — 84 6aina. [IpoBemeHa apTPOCKOMMS TOJIEHO-
CTOITHOTO CYCTaBa C 11e/1bl0 KOHTPOJIS pe3ysibTaTa KOCT-
HO-XpSILIEBOI ayTOXOHIPOIUIACTUKM C MIpUMeHeHUeM
AMIC-TexHOMornm. ApTPOCKOIMS OCYIIECTBISUIACh
yepe3 CTaHJApTHbIe TepeqHeaTepalbHbIi U TIepe[-
HeMeOVaabHbI/ NOPThI. B CBSI3U C HAMMUMEM AUCKOM-
dopTa B mpoeKkiuy MeTalsIoPUKCATOPOB BHITTOJIHEHO
uX ynmaneHue. BbIsiBieHbl pyOIlOBble TKAHM B Iepe[-
HUX OTHEJIaX TOJIEHOCTOITHOTO CYCTaBa, KOTOPbIe ObUIN
yaaneHbl. [Ipy Budyanusalmuy mecTa XOHIPOILIACTU-
KM OIpenensiiioch GOpMMUPOBaHME ITMATVHOIIOI0OHOA
XPSIILEBO TKaHM, apXUTEKTOHMKA CyCTaBHOM ITOBEPX-
HOCTY TapaHHOI KOCTU COXpaHeHa (puc. 4).

Yepes 12 mec. BBINOJIHEHO KOHTpoibHOe MPT-
UcclieloBaHMe: ONpenensitoTCsl KOHCOMMUOAIMS 30HbI
OCTEOTOMMM, TlepecTpoiika  ayTOTpaHCIUIaHTaTa
B 30He JedeKTa TapaHHO KOCTu U (opmupoBaHue
XPSIIEBOTO IMTOKPBITHS (PUC. 5).

Yepes 12 mec. 1mocjie XOHAPOIUIACTUKU 00bEM
IBVMKEHUIT B TOJIEHOCTOITHOM CyCTaBe BOCCTAHOBJIEH
B ITOJIHOM O6beMe. ITaliyeHT BepHY/ICS K 3aHATUSIM
JIIOOUTENBCKUM CIIOPTOM. [Tocie ymaneHus MeTaio-
(buKcaTOpOB MaLMEHT OTMETWI CHIMKEHME OO0JIeBOro
cuHapoma. CocTosiHMe MO JaHHBIM OINPOCHUKOB ye-
pes 12 mec.: BAIIl — 1 6am1, AOFAS-AHS — 94 6aa,
FAAM — 83 6ama.

Puc. 5. MPT uepe3 12 Mec. riociie ornepauyumn
(T2-B3BellIeHHOE U306paskeHNE): TIONTHAS KOCTHO-
XpsileBast MHTerpauysi ayToTpaHCIJIaHTaTa

¥ KOJIJIaT€HOBO MeMOpaHbI

Fig. 5. MRI of the left ankle (T2-weighted image):

the completed osteochondral integration of an autograft
and a collagen membrane

OBCY>XIEHUE

B03MOKHOCTV JIedyeHMsI TIOTHOCTOMHBIX OCTEOXOH-
IPAJIbHBIX Te(EKTOB TapaHHOI KOCTY OTpaHUYEHbI —
€IMHCTBEHHBIM CITOCOG0M BOCCTAHOBJIEHUS apXUTEK-
TOHVKM TapaHHO KOCTU SIBJISIETCSI KOCTHAsI TUIaCTU-
Ka [19, 20]. [Ipu xpymHbiX gedexrax (6onee 1,5 cm?)
TSI BOCCTAHOBJIEHNMSI apXUTEKTOHUKY TapaHHOM KOC-
TU IIMPOKO IPUMEHSIETCSI KOCTHASI ayTO- U aJIIoTIIac-

Puc. 4. ApTPOCKOIMSI TOJIEHOCTOITHOTO CYCTaBa U yajeHye MeTauio(hUuKCaTOPOB:
a, b — BU3yanu3upoBaH MequabHbIii OTHEN KyIojia TapaHHO KOCTY B MeCTe
MPOBeeHMS XOHIPOTIJIACTUKN;;

¢, d — MeCTO TpaHCIIaHTalMM TIPEICTaBIeHO TKaHbIO, BU3yaIbHO MTOXOKe

Ha HeTOBPEXKIEHHbIN XPsIil, GUKCUPOBAHHbIN K HUKeJIeKaIleil KOCTH

Fig. 4. Ankle arthroscopy and removal of metal fixators:

a, b — arthroscopic visualization of the medial part of the tarsal bone dome

at the site of chondroplasty;

¢, d — the transplanted tissue appears visually similar to undamaged cartilage,
fixed to the underlying bone
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tuka [5, 15]. HecMoTpst Ha xopolye KIMHUYEeCKue
pe3yabTaThl TPU JIEYEHUM KPYIHBIX AeheKTOB, Mpu
MO3aMyYyHOI KOCTHOM ayToractuke ot 20 go 40% ne-
(exra 3amernaercss Gpuopo3HbIM XpsimoM. E. Chang u
E. Lenczner oTMeTuian, 4TO Ipu MO3aMUYHOM XOHIPO-
IJ1aCTMKe (HEeCKOMbKMX KOCTHBIX CTOJIOMKOB) BOCCTA-
HOBJIEHME OJHOPOJHOTO XPSIIIIEBOr0 TOKPBITUSI TapaH-
HOI KOCTY BeCbMa 3aTpyIHUTENbHO [21]. ITo maHHBIMUK
N. Kodama ¢ coaBTOpamu, cycTaBHast TIOBEPXHOCTH TP
BBIITOJIHEHMM MO3aUYHOM XOHJPOIUIACTUKM, B YaCT-
HOCTM MPOCTPAHCTBO MEKAY KOCTHBIMM CTOJIOVKAMM,
MPeUMYIIEeCTBEHHO MpeICTaBieHo (UOPO3HOI TKa-
HbIO [22].

Vcrnonb3oBaHMe 11€bHOIO aJ/UIOTPaHCIJIaHTaTa
MO3BOJISIET BOCCTAHOBUTbh apXUTEKTOHUKY TapaHHOI
KOCTM, MUHUMMUSUPYS pasBuTve (GUOPO3HOI TKaHU
[23]. Hanbomee 4yacThIM OCJIOKHEHMEM SIBJISIETCSI KOCT-
Hasl pe3opOIMs, COMPOBOXKIAMIASACS 3aMeIeHHO!
KOHCOMMAALel Uin ee OTCYTCTBUEM U TTpOCeaHMEM
TpaHCIUIAHTaTa, a B PegKUX CJIyyasix — TPaHCIUIaH-
Tar-accounumpoBaHHas uHbekius [24]. ITo maHHBIM
nociaeonepainoHHbix MPT-uccienoBanmii, yaie Ha-
OJIIOAAETCST KOCTHASI Pe30opOIys Ha TpaHuIlEe «aJljio-
TPAHCIUIAHTAT — 3J0pOBasi KOCTb», HEXeIU «ayTo-
TPAHCILIAHTAT — 3[J0POBast KOCTh» [15].

Co3paHne KOCTHOTO «KapKaca» C ITOMOIIbIO0 ayTo-
TPAHCIUIAHTATOB SIBJSETCS OAHON M3 TPUOPUTET-
HBIX 3a/auy B JIeYeHUM TMalMeHTOB C IIOJHOC/ION-
HBIMM OCTEOXOHIpPAAbHBIMU HedeKTaMy, OJHAKO
BOCCTaHOBJIEHME XPSILEBOrO MOKPBITUSI UT'DAET He-
MajOBaXXHYI0 POJIb B JOJITOCPOYHON TepCIieKTUBeE.
HWcrionp30BaHMe KOJUIareHOBO MeMOpaHbI IJISl O-
KPBITMSI KOCTHOTO ayTOTPAaHCIUIAaHTaTa I103BOJISeT
KOHIIEHTPUPOBATh OONIBIIOE KOJMUECTBO ME3eHXM-
MajbHBIX KJIETOK M BOCCO3JaTh IeJbHOe XpslieBoe
MTOKPBITHE, COCTOSIEe U3 THATMHOIIOLOOHON Xpsi-
meBoil Tkauu [25]. ®dukcanuss MeMOpaHbI C TTOMO-
b0 (GMOGPUHOBOrO rejisl ¢ KIeIei ClIoCOOHOCTHIO
MOXET CITOCOOCTBOBATH XOHIAPOTreHHOI AuddepeH-
LIMPOBKE Me3eHXMMaJbHbIX CTBOJIOBBIX KJIETOK [26],
YyeM MbI ¥ PYKOBOJICTBOBAJIMCh IIPU BbIOOpE MeToa
(ukcamyy memMOGpaHbI.

F. Migliorini ¢ coaBTOpamyu CKJIOHSIOTCSI K BO3-
pacTHOMY OTpaHMUYEHMI0 MMIUIaHTALMM ayTOJIOrY-
HbBIX KYJIbTMBUPOBAHHBIX XOHIPOLUTOB JJisl BOCCTA-
HOBJIEHMUSI XPSIIIIEBOTO TTOKPBITUS, TaK KaK MalyeHTbl
B Bo3pacTte 30-33 jieT AeMOHCTPUPYIOT JIydlline pe-
3YJIbTATHI TI0 CPABHEHMIO ¢ GoJlee cTapiieil Bo3pacT-
HoV rpyrinoii. [Tpu ucronb3oBanuu TexHonorn AMIC
IlaHHas TeHAEeHIMS He MpociaexuBagach. [losTomy
aBTOPBI MIPUILIM K BBIBOAY O TOM, UTO 3Ta METOAMKA
MOJKET MPUMEHSITBCS B CTAPIIMX BO3PACTHBIX IPyIax
MaIMeHTOB ¢ JedeKTaMu TapaHHoi KocTu. K Tomy ke
OHOATAITHOCTh M CTOMMOCTb [JAHHON TMpOlEeLypbl
B OT/IMYME OT METOOMKM KYJIbTUBUPOBAHUS XOHIPO-
IUTOB (3a60p ¥ KyJAbTMBMPOBAHME XOHIPOIVTOB
B J1a6OPaTOPHBIX YCIOBUSIX C MOC/IEAYIONIei MMIUIaH-

Tamyei) IBJISIOTCS HeMaTOBaKHBIMU MTPEMMYIIeCTBa-
MU Kak JIJISI TallMeHTOB, TaK U AJ1s XMpypros [13, 27].

B wimHMYECKOM HaAGIIOmEHUM, TTPEICTABIeHHOM
M. Wiewiorski ¢ coaBTOpammu, ornycaHa KOMOMHUPO-
BaHHAs METOMVKA JIeUeHUsT KPYITHOTO fedeKTa TapaH-
HOJt KOCTH, KOTOpasi COCTOUT U3 3aMeleHust nedekTa
ayTOTPAHCIUIAHTATOM, B3SITBIM 13 I'PeOHS MOIB3 101~
HOJi KOCTH, C TIPMMEHEHMEeM KOJIJIareHOBOi MeMbpa-
HbI. KpyTIHbIi HeCTabMIIbHbBII OCTEOXOHAPATbHBII TTe-
(eKT IIoIaabI0 OKOJIO 3 cM? 6bIT YAAIEH B Ipefeiax
3I0POBBIX TKAHE, BBITIOTHEHA CTUMYJISIIVSI KOCTHOTO
MO3ra C JWCIIOMb30BAHMEM PETPOTPATHOTO MUKPO-
IPUUTVHTA, 3aT€M B 30HY AedeKTa yIoKeHa KOCTHAs
KPOIIIKA, B3SITast U3 rpeGHsI TOAB3IOIIHO KocTH [15].
Kak u B Hamem ciaydae, KOJUIareHOBYIO MeMOpaHy
(uKcUpoBaIM K KOCTHOMY ayTOTPaHCILIaHTaTy Hub-
PUHOBBIM KJIEEM.

B skcnepumenTanbHoil pabore I.I. JlasumBuin
C coaBTOpaMMi IIpOBeNM cpaBHeHMe 3¢deKTUBHO-
CTU KoOJIJIareHOBbIX MeM6paH Oprtocodt (Poccus) u
Chondro-Gide (I'epmanust). Mem6pana OpTtocodT
chopmMupoBaHa MeTOIOM 3IEKTPOCITMHHMHTA U3 Ha-
HOBOJIOKOH auamMeTpom 300-500 HM, COCTOSIIMX U3
cMecH TIOMWIAKTMIA M Oblybero KoswiareHa I Tuma.
Memb6pana Chondro-Gide msroropieHa 13 CBUMHOIO
kosutareHa I u III Tunos. B ciyyae npuMeHeHUST KOM-
MO3UTHOI MeM6paHbl OpTocO(T BechMa ITOKa3aTe b-
HbI CJIeAyIolIie MOMEHTHI. Bo-TiepBbIX, 06pa3oBaHue
XPSIIEBOJ TKAaHM B IMPOIIEHTHOM COOTHOIIEHUM 3a-
METHO BBIIIe; BO-BTOPBIX, SIPKO BbIPAskeHbI OCTPOB-
KM XpSIIEeBOJ TKaHU B IieHTpe medeKTa I10 BCeil ero
TOJIIIIIHE, CKOPOCTb perapamyuy KIeTOK BbIIIEe, YTO
U SIBJISIETCSI TIPUYMHON GOJIbIIIEro oObeMa XpsIIeBO
TKaHU, B OTJIMYME OT 30HBI MMIUIAHTALMM MeMOpa-
Hbl Chondro-Gide, re BBISBISIIICSI TOJTBKO «KPaeBOii»
HeOXOHAporeHe3. Bo Bcex ciydasx xpsineBasl TKaHb
MIpY HEOXOHIpPOTeHe3e OblIa ITPeICTaB/IeHa IYMaINHO-
BBIM XpsiioM. Takum 06pasom, MpoBefeHHOe VCCie-
IoBaHMe TOATBepAMUIO 3G (MEKTUBHOCTD MPUMEHEHUS
KOJIJTaT€HOBBIX MeMOpaH [Jid pereHepamnyuu xpsiie-
BOJ TKaHM. JKCIIEPUMEHT I10Ka3aJjl, YTO KOMITO3UTHAsI
meMmbpaHa OpTocodT He YCTYIIaeT, a B psae ciyuyaen
Y TIpeBOCXOAUT 3P deKTUBHOCTb MeMOpaHbl Chondro-
Gide [25].

Onsg  npoduaakTuku  HOPMUPOBaHMUS CyOXOH-
IPATbHBIX KUCT TPEATIOUTUTENbHEEe WCIIONb30BaTh
CTPYKTYPHBII ayTOTPAHCIJIAHTAT C MPOYHON Ioca-
KO, HeXeJy CIIOHTMO3HYI0 KpOIUKy [28]. B Hamei
paboTe ayTOTPAHCILIAHTAT MbI Opaiv B BUE KOCTHBIX
CTOJIOMKOB ¥ MMILJIAHTMPOBAJIM B MecTO AedeKkra me-
TomoMm press-fit 1Mo aHamorMyM € TEXHUKOV XOHMAPO-
mactuku o Hangody. B opuruHaabHOV MeTOAMKe
L. Hangody 6bUI0 IpeIOKeHO BHITIOJHEHNE «MO3a-
MYHOI» ayTOXOHJPOIUIACTUKMU, TIe KOCTHBIN TPaHC-
TJIAHTAT OpaJICs 3 HeHATrpykaeMoit 06/1aCTy MbIIIIEJ-
Ka 6empenHoit koctu [29]. K mpenmymiecTBam 3a6opa
TPaHCILIAHTATa U3 JaHHOM 06JIaCTM OTHOCUTCSI BO3-
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MOYKHOCTb BOCIIOJTHEHMSI KPYITHBIX AeheKTOB KOCT-
HBIM ayTOTPAHCIUIAaHTATOM, MOKPBITBIM XpsIleBOii
TKaHbI0. OTpUIIATEIBHOI CTOPOHOI CIiocoba SIBJIsIeT-
€SI BOSHMKHOBEHME 60JIeBOTO CMHAPOMA B IOHOPCKOM
mecte [30]. B.B. Ky3HenoB ¢ coaBTOpamMu npenaoKu-
s 6paTh KOCTHBIN ayTOTPAHCIUIAHTAT U3 MIPeIaxui-
JISPHOJ 061aCTY MISITOYHOM KOCTHU, YTO 0OeCIieuBaeT
MEHBIINII OCTaTOUHBI 6OJIEBO CHMHIPOM <«IOHOP-
CKOT0 MecCTa» 1 GOJIBIIYIO YIOBI€TBOPEHHOCTD Maly-
€HTOB II0 CPaBHEHMUIO C OPUTMHAIbHON METOAUKOI
[31]. B HameM KIMHMYECKOM CJTyyae MbI Gpaiy KOCT-
HbIV ayTOTPAHCIUIAHTAT M3 CKaTa MSITOYHOM KOCTHU, U
60J1€BOr0 CMHApOMa uepe3 12 Mec. IMocie onepauun
He HaoOmopanock. Oguako metonuka AMIC ¢ ocreoTo-
MUei TOOBIKKM MPU JOCTyIe K OCTEOXOHAPaTbHOMY
nedeKTy TapaHHOIM KOCTM He JIMIeHa HeJOCTAaTKOB.
Tak, 3apybeskHble KOJJIETM COOOINAIT 00 OCHOBHOM
OCJIO)KHEHUM, CBSI3AHHOM He CTOJIbKO C CaMoli MeTOo-
VKO, CKOJIBKO € (UKcalyeil 0CTe0TOMMPOBAHHOI
JIOIBDKKY BUHTAMM — 3TO JKaJI0ObI MAI[MEeHTOB Ha Ha-
Juuye auckoM@opTa B IPOEKIUM MeTalI0(pUKCATO-
poB [32]. IMeHHO IT03TOMY MBI CUMTaeM Ijesiecoobpas-
HBIM YAQISITh METa/UTIOMUKCATOPDI, HO He paHee Yem
yepes MOAToja Mocie onepannuu. ApTpockomnmnyeckas
caHamus ¢ 0630pOM MeCTa XOHMAPOIUIACTUKMA B CO-
BOKynHOCTU ¢ MPT-ucciegoBaHuem IO3BOJSIIOT BU-

JOIIOIHUTEJIbHASI MTHO®OPMALIMISI

3aseneHHslii 6K1a0 A6MOpPo6

Bce aBTOpBI cfenany SKBMBAJEHTHbIN BKIAJ B IMOATO-
TOBKY IyOIMKAIIAMN.

Bce aBTOpPBI MPOWIM ¥ OmOOpUIN GUHATBHYIO BEPCUIO
PYKOTIICK CTaTbi. Bce aBTOPBI COT/IaCHBI HECTU OTBETCTBEH-
HOCTb 3a BCE acCIeKThl PaboThl, YTOObI 06ECIIeUnTh HajIe-
sKailiee pacCMOTpeHNe U pellieHe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO ¥ HAJEXKHOCTDIO JTI06071
yacTy paboThl.

Hcmounuk  ¢puHaHcuposanus.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBMM BHEIIHEro (GbMHAHCUPOBAHMS NP MPOBe/Ie-
HUM UCCITeOBAHMS.

Bo3moscHbLll KOH(AUKIN UHINEepecos. ABTODHI IeKiia-
PUPYIOT OTCYTCTBME SIBHBIX M TIOTEHIIMAIbHBIX KOH(IMKTOB
MHTEPEeCOB, CBSI3aHHbIX C MyOIMKaIl/ei HaCTOSIIe CTaThu.

Amuueckasa 3kcnepmusa. He mpumeHnMa.

Hugopmupoeantoe coanacue Ha ny6aukayuro. ABTOPbI
MTONYYITM TMChbMEHHOE coriacue MallieHTa Ha IMmy6mKa-
LIMI0 MEAUIIMHCKMX TaHHbBIX U M306paskeHmIi.
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3yaJbHO OIEHUTH XPSIIENoq00HOe MOKPBITHE 30HbI
XOHJPOTUIACTUKU U €r0 UIOEHTUYHOCTb C OKpYsKaro-
VM XPSIIIIEBBIM MTOKPBITHMEM TapAaHHOI KOCTM.

3AK/TIIOYEHHE

[Tpy MOTHOCIOMHOM OCTEOXOHIPaJIbHOM JedeKTe
TapaHHOM KOCTM ONTUMAJbHBIM METOLOM JieYeHMUsI
SIBJISIETCST  3aMellleH)ie OCTEeOXOHAPAIbHOrO nedex-
Ta KOCTHBIM ayTOTPAHCIUIAHTATOM. [JaHHBIA CIT0CO0
SIBJIIETCSI OJHUM M3 CaMbIX TOCTYIHBIX, BOCIIPO3-
BOOMMBIX, & «MO3aM4Hass» MMIUIAHTALMS KOCTHBIX
ayTOTPAHCIUIAHTATOB ITO3BOJISIET 3aMeIlaTh Je(QeKThI
PasIMUYHbBIX pasMepoB 1 (OPMBI.

B mpepcraBieHHOM KIMHMYECKOM HaOMIOAeHUN
NpYMeHeHre KOCTHOTO ayTOTpPaHCIIJIaHTaTa I03BO-
JIUJIO BOCIIOJMHUTH MedeKT TapaHHO¥ KOCTH, a YKpPbI-
THE ayTOTPaHCIJIAHTATa KOJIJIAaT€HOBOJ MeMOpaHOii
crioco6cTBOBAIO  (pOpMMpOBAHMIO B 30HE aedekTa
TMAJMHOIIOA00HO XpSIIEeBOii TKaHM, BU3YaTIbHO
UJIEHTUYHON OKpYXKaIoIeMy XpsIleBOMY MOKPBITUIO
TapaHHOM KOCTU. HeCMOTps Ha IOJOXKUTENbHBIN pe-
3y/IbTaT JIeueHMs, HeBO3MOXKHO C/ie/IaTh BbIBOJ, O Tpe-
MMYIeCTBE METOAA JieueHMs Ha OCHOBaHMUM OJHOTO
KIMHMYeckoro Habmomenus. Heobxomumbl Gosee
MacIITabHble VCCIeqOBAHNSI HOBOTO METO/IA JIEUEHMST
" ero CpaBHEHMeE C yKe CYIeCTBYIOUUMMA.
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Correction of Multiapical Deformities of Long Bones of the Lower
Extremities: A Literature Review
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Abstract

Background. Multiapical deformities of the long bones of the lower extremities represent a complex and widely
prevalent orthopedic pathology. A numerous of publications address its individual aspects: diagnosis, planning,
and correction. However, no single study was found that offers a comprehensive assessment of contemporary
views on treating patients with multiapical deformities of long bones.

Aim of the review — to define current concepts and unresolved issues in the analysis, planning, and correction
of multiapical deformities of the long bones of the lower limbs based on the scientific literature.

Methods. Electronic databases were utilized for literature search: PubMed/MEDLINE, SAGE Publishing
Journals, Embase, eLIBRARY, Google Scholar. Particular attention was paid to studies that provide information
on diagnosis, planning, and correction methods for multiapical deformities. A total of 46 publications were
included in the review.

Results. In the literature, the terms «multiapical deformity» and «multilevel deformity» are used synonymously.
At the same time, the term «multilevel deformity» is used to denote uniapical deformities of different limb
segments. The main diagnostic feature of a multiapical deformity is the location of the apex outside the bone.
Unlike uniapical deformities, the correction planning of multiapical deformities uses the axis of the interme-
diate fragment(s). Most authors define it as the mid-diaphyseal line. The correction of multiapical deformities
is performed either acute or gradually. Acute correction with internal fixation is undoubtedly more comfortable
for the patient. If there are contraindications to it, the deformity correction is performed gradually using Ilizarov
hinges or orthopedic hexapods.

Conclusions. The term «multiapical deformity» inherently indicates that the deformed bone has more than
one apex, so it should take precedence over the term “multilevel deformity”. The diagnostic feature of the
multiapical deformity “localization of the AOD outside the bone” is not absolute and requires clarification.
There are challenges in planning the correction using mechanical axes, as well as in determining the axis of
the nonlinear (bowing) intermediate fragment(s). The “spring technique” has significant advantages over
other variants of using orthopedic hexapods in correcting a multiapical deformity. However, a rationale for the
optimal characteristics of springs, their fixation points to supports, and clarification of the computer program’s
use method is required. Addressing these issues will enhance the treatment efficiency for patients with
multiapical deformities.

Keywords: multiapical deformities, multilevel deformities, deformity correction planning, acute deformity
correction, gradual deformity correction, assisted external fixation, orthopedic hexapod, “spring techniques”.
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Koppekuusa MHorosepLumHHbIX agedopmMaumnii ANIMHHbIX KOCTEN
HMXXHUX KOHEYHOCTel: 0630p nuTepaTtypbl

E.C.Tonosénkuu!, JI.H. Comomu 2

L @I'BY «HayuoHanvHbIli MeOuyuHcKuil ucciedosamenbckuti ueHmp mpasmamosiozuu
u opmoneduu um. P.P. Bpedena» Mun3dpasa Poccuu, 2. Cankm-ITemep0ype, Poccus

2000 «Opmo-CYB», 2. Cankm-ITemep6ype, Poccus

Pedepar

AxmyansHocms. MHOTOBepUIMHHBIE TedhopMalMy IJIMHHBIX KOCTE HMKHUX KOHEUHOCTeN SIBJISIIOTCS CIOKHOM M IIN-
POKO pacipoCTpaHeHHOl OPTONeauUecKoli maToaorueii. Bomblioe KOAMYeCTBO MyOaMKaluii TIOCBSIIEHO ee OTHeTbHbIM
acrmeKkTaM: JMarHOCTHUKe, TUIAaHMPOBaHMIO, KOppekiu. OgHaKko He 6bLIO HaliZleHO HY OMHOI paboThI, ComepsKaliei KoM-
MIJIEKCHYIO OII@HKY COBPEMEHHBIX B3IVISIIOB Ha MpOo6ieMy JieueHMs MalyeHTOB ¢ MHOTOBEPIIMHHBIMK AedopManyusiMu
IJIVHHBIX KOCTEIA.

Ilens — OCHOBBIBASICh HA TAHHBIX HAYYHON JTMUTEpATypbl, OTIPEIeIUTbh COBPEMEHHbIE TTPE/ICTABIEHNS U HepellleHHbIe BO-
MPOCHI aHAIN3a, IJITAHUPOBAHMS M KOPPEKIMY MHOTOBEPIIVHHBIX TedopMalnii JIMTHHBIX KOCTel HVDKHUX KOHEYHOCTEIA.
Mamepuan u memodst. 151 TIOVCKA JUTEPATYPbl GbIIM MCIIONb30BaHbI JTEKTPOHHbIE 6a3bl JaHHbIX: PubMed/MEDLINE,
SAGE Publishing Journals, Embase, eLIBRARY, Google Scholar. Oco6oe BHMMaHMe yaeasyioch paboTaM, COmepKaliuM MH-
dbopmaiuio o IMarHoCcTuKe, IVIAHMPOBAHUYM Y METOHAX KOPPEKIIMY MHOTOBEPIIMHHbBIX AedopMaiinii. B 0630p 6bUIO0 BKITIO-
YeHO 46 My6aMKaIuii.

Pe3zynvmamoi. B nutepaType Kak CMHOHMMBI UCIIONb3YIOTCSI TEPMUHBI «MHOTOBEPIIMHHAS AedhopMaLysi» U «MHOTOYPOB-
HeBas gedopmariiysi». OMTHOBPEMEHHO C 3TUM TEPMUH «MHOTOYpPOBHeBast medopMaliusi» UCTIONb3yeTcs ISl 0603HaAUeHMSsI
OIHOBEPIIMHHBIX AedopMaiuii pa3HbIX CETMEHTOB KOHEYHOCTU. OCHOBHBIM IMATHOCTMYECKUM MPU3HAKOM MHOTOBEP-
MIMHHOV fedopMalum SBISIETCSI PACIIONOXKeHe BEPIIMHBI 32 TIpefeiaMy TPaHull, KOCTU. B oTiiMume oT omHOBEPIIMHHBIX
nmedopmaruii, Tpy IVIAHMPOBAHUY KOPPEKIIMY MHOTOBEPIIMHHBIX AedhopMalyit MCIIOIb3YeTCs OCh IIPOMEKYTOUHOTO(-bIX)
(bparmenTa(-oB). BOMBIIMHCTBO aBTOPOB OIPEESIOT ee Kak cpefHennadusapHyio muHMo0. KoppeKiys MHOTOBePIIVHHBIX
nedopmalnuii BbITIOMHSIETCSI OMHOMOMEHTHO WM TocTerieHHO. OMHOMOMEHTHAsT KOPPeKUMsI ¢ BHYTpeHHel dukcauuein,
HEeCOMHEHHO, SIBJIIeTCsT 60ee KOMGbOPTHO s matyeHTa. [Ipy Haau4Iuy IPOTUBOIIOKA3aHMit K Helt ycTpaHeHue nedop-
Maluy BBITIOTHSIETCS O3MPOBAHHO C MCIOMb30BaHMEM YHU(PUUIMPOBAHHBIX PETIO3UIIMOHHBIX Y3/I0B WJIM OPTOIeMUeCKIX
reKcaro/oB.

3axntouerHue. TepMUH «MHOTOBepUIMHHAS IedhopMalus» alpuopy MoKa3bIBaeT, yTo AedopmMupoBaHHASI KOCTh MMeeT
HECKOJIbKO BepIIuH gedopmaiinii, T0O3TOMY OH JO/DKEH MMEeTh NIPUOPUTET Mepes; TePMUHOM «MHOTOYpOBHeBast nedop-
Mauysi». [IMarHoCcTuyeCcKuii Mpu3HaK MHOTOBEPIIMHHONM AedopMaunm «JI0Kaan3auus BepIiHbl fedhopMalum 3a mpejie-
JIaM¥ TPAHMUIL KOCTU» He SIBJISIeTCSI aOCOMIOTHBIM U Tpe6yeT yTouHeHus. [Ipy miiaHMPOBaHUM KOPPEKLIUY MMEIOTCS CIIOXK-
HOCTM TIPU UCTIOb30BAHMUY MEXaHMUECKMX OCeif, a TAKKe OIpeiesieHs OCY HeJTMHEHOTO ITPOMEXYTOUHOTO (parMmeHTa
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BACKGROUND

The definitions of the term “deformity” from
a technical and orthopedic point of view differ
significantly. From a technical standpoint,
deformation is a change in the relative
positions of points of a solid body, the distance
between which changes under the influence
of external forces*. In orthopedic surgery, the
concept of "deformation” implies a discrepancy
of reference lines and angles from accepted
norm values in the presence or absence of
shortening [1, 2, 3]. Components of deformation
include displacement along the length, angular
displacement, peripheral displacement, and
rotational displacement. In the presence of
angular deformity, the term “apex of deformity
- AOD” is used - the point of intersection of
the axes of the proximal and distal parts of
the bone [2, 4, 5, 6, 7, 8]. The terms “Center of
Rotation of Angulation - CORA” [9, 10, 11, 12,
13, 14], “Center of deformity — CD” [15] and
“Vertex” [16] are used in a similar meaning.

Deformities can have one or multiple apexes.
Deformation with multiple apexes within one
segment is referred to as multiapical deformity
[3, 6, 13, 17, 18] or multilevel deformity [5, 7, 8,
19, 20, 21]. Multiapical deformities (MD) of the
long bones in the lower extremities are relatively
common and complex orthopedic pathologies
that lead to severe disruptions in the statics and
kinetics of the musculoskeletal system [5, 21, 22].
Specialized publications have addressed specific
aspects of MD, including diagnosis, planning,
and correction, particularly concerning different
segments. However, no comprehensive review has
been found that provides a holistic assessment of
contemporary perspectives on the treatment of
patients with MD of long bones.

Aim of the review — to define current concepts
and unresolved issues in the analysis, planning,
and correction of multiapex deformities of the
long bones of the lower limbs based on the
scientific literature.

METHODS
A literature search was conducted in the
following electronic databases: PubMed/

MEDLINE, SAGE Publishing Journals, Embase (in
English), eLIBRARY (in Russian), Google Scholar
(in Russian and English). The following keywords
were used: multiapical deformities, multilevel

deformities, acute deformity correction, gradual
deformity correction, acute deformity correction,
assisted external fixation, Ilizarov apparatus,
orthopedic hexapods, spring technique. Key
terms in Russian and English were used to ensure
comprehensive coverage.

Inclusion criteria:

1) studies of all levels of evidence;

2) publications containing information about
the treatment of patients with MD of long bones
in the lower extremities;

3) publications that define the term
"deformation" and contain data on the diagnosis,
planning, and treatment of long bone deformities;

4) availability of the full text of the publication
in Russian or English.

The review included 47 publications (8 in
Russian and 39 in English). Particular attention
was given to the methods used by authors to
correct MD, indicators of accuracy and duration
of correction, as well as complications.

It should be noted that the vast majority of
reviewed sources consisted of expert opinions
[1, 11, 19, 23, 24, 25], case analysis or series of
clinical cases [4, 11, 17, 18, 20-37]. Many authors
did not distinguish patients with MD as a separate
group in their studies, making it difficult to
interpret the results within the scope of the topic
[4, 11, 18, 29, 35, 37, 38]. Based on this, it can
be concluded that there is a deficiency in high-
evidence research in this area.

RESULTS

As previously noted, in scientific literature, two
terms, multiapical deformity and multilevel
deformity, are used synonymously to denote
deformations with multiple apices within one
segment. Simultaneously, the term "multilevel
deformity"is used torefer touniapical deformities
of different segments within one limb [39].

The diagnosis of multiapical deformities of
the femur or tibia is discussed in 12 publications
[1,6,8,9, 12, 13, 17, 21, 24, 29, 34, 35]. In these
publications, the primary criterion for MD is the
localization of the deformity apex outside the
bone: medially, laterally, anteriorly, or posteriorly
(Fig. 1a), as well as higher or lower (Fig. 1b).
Diagnosis of MD of the tibia is recommended to
be performed using mechanical axes, while the
femur is recommended to use anatomical axes
[1,12].Other diagnostic criteria for MD mentioned
in the literature include:
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- the presence of a "bowing" bone [8]
(Fig. 1 ¢);

- deviation of one of the angles from reference
values when crossing anatomical axes in the area
of "obvious deformity" [8] (Fig. 1 d);

- thelocalization of the deformity apex within
the bone but outside the obvious deformity”
[1, 8] (Fig.1 e);

- the presence of parallel axes in the proximal
and distal segments of the bone [8] (Fig. 1 f).

Planning for the correction of multiapical
deformities is discussed in 12 studies[1,6,8,9, 12,
13, 17, 21, 24, 29, 34, 35]. In addition to the axes
of the proximal and distal segments of the bone,
the axis of the intermediate part of the bone
where osteotomies will be performed to create
intermediate fragments is also used.

The majority of authors agree that the
axis of the intermediate fragment is the mid-
diaphyseal line [8, 12, 13, 17, 21, 29, 34]. However,
in D. Paley's study, an alternative position
is presented, suggesting that the axis of the
intermediate fragment “can be drawn at different

® ® ©

orientations” [9] (Fig. 2). Based on the illustration
provided in his article, it can be assumed that any
position and angle of inclination of the axis of
the intermediate segment are permissible as long
as it intersects with the axes of the proximal and
distal segments of the bone and does not extend
beyond the bone's boundaries.

(W

Fig. 2. Different options of identifying the axis
of intermediate fragment according to D. Paley [9]

% 3
@ ® ® U

Fig. 1. Diagnostic signs of MD (using the tibia as an example):

a — AOD is located outside of the bone (laterally);
b — AOD is located outside of the bone (proximally);
¢ — the bone has a long, curving bow;

d — the bone segment has an obvious deformity plus the LDTA formed by the mid-diaphyseal line is abnormal;

e — AOD doesn’t match the obvious deformity;
f — the proximal and distal axes are parallel
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Authors concur that the points of intersection
of the axis of the intermediate segment with the
axes of the proximal and distal segments are
optimal for performing osteotomies. Correction
at each apex is carried out according to the 1%
osteotomy rule. In cases where the size of one
of the segments is too small, the use of the 2
osteotomy rule is recommended [8]. If correction
of deformities with more than two apexes is
required [4, 17, 20, 30, 31, 35, 37], planning is
carried out using axes of multiple intermediate
fragments [1, 20]. In planning the correction
of tibia deformities, D. Paley recommends the
following algorithm [1]:

1) draw mid-diaphyseal lines of the proximal
and distal segments of the bone,;

2) determine the correspondence  of
anatomical angles to normative values; in case of
mismatch, draw anatomical axes corresponding
to the norm;

3) identify AODs (points of intersection of
the axes of the proximal, intermediate, and distal
fragments), measure the angular deformities for
each AOD, and determine the optimal levels for
performing osteotomies.

Correction  of  deformities, including
multiapical ones, can be performed either acutely
or gradually, i.e. progressive. The following
advantages of acute correction with internal
fixation over gradual correction have been
identified:

1) convenience for the patient due to the
absence of bulky external metal constructs
[17, 18, 24, 29, 30];

2) prevention of deformity recurrence and
refractures, especially in cases of osteogenesis
imperfecta [17, 28];

3) absence of complications typical of external
fixation, such as transfixation contractures
and inflammations around the transosseous
elements [30, 31];

4) elimination of the need for patient and/or
orthopedic curator participation in the correction
process [40];

5) reduction of overall treatment duration [29].

The use of monolateral [17, 24] or circular [31]
frames as assisted external fixation increases
the accuracy of acute correction [18, 24, 27,
29, 31]. This method has been successfully applied

in the correction of multiapical deformities of
the long bones in the lower extremities. For the
final fixation of bone fragments during single-
step correction of multiapical deformities,
intramedullary nails were used (Table 1).

At acute correction, according to various
authors, the total magnitude of angular
deformity should not exceed 20-35° [4, 10,
41,42], and torsional deformity should not exceed
20° [41]. Acute correction with internal fixation
compared to gradual correction has the following
disadvantages:

- longer duration of the operation [38];

- lower accuracy of correction [7, 29];

- inability to correct residual deformity
[7, 29];

- longer time required for consolidation
[10, 44];

— risk of deep infection [17, 28, 29, 31];

— greater intraoperative blood loss [38];

- objective limitations on the magnitude of
deformity that can be corrected without the risk
of neurotrophic complications [10, 29, 38, 41, 42].

In cases where there are contraindications to
acute correction, gradual correction should be
used. This method is preferable when there is a
need to correct complex (multi-planar, multi-
component) deformities [1, 7, 44]. Ilizarov hinges
[4, 28, 32, 33] and orthopedic hexapods [11, 20,
21, 34, 35, 36, 37] were used in gradual correction
of MD (Table 2).

Orthopedic hexapods offer several advantages
over Ilizarov hinges:

- the ability to correct all components of the
deformity in a one-step procedure [2, 11, 20, 44];

— better accuracy of correction, especially
when dealing with complex deformities[11,40,44,
45, 46];

— a shorter learning curve [34, 40, 44, 45].

As of today, there are three techniques for
correcting MD using orthopedic hexapods:

1) simultaneous correction of multiple apexes
of the deformity using multiple orthopedic
hexapods, one at each apex [11, 14, 21, 25, 34, 36,
37, 47];

2) sequential correction of MD using a single
hexapod [21]. When correcting at the level of one
apex, the level of the other(s) is fixed. Deformity
is corrected sequentially at each apex;
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3) simultaneous correction of multiple apexes
of the deformity using a single orthopedic hexapod
with the use of the so-called "spring technique"
[19]. The struts of the orthopedic hexapod are fixed
to proximal and distal rings. An intermediate ring
(one or more) is fixed to adjacent supports using
elastic springs. When correction is performed, the

intermediate fragment "automa-tically" takes its
correct position.

Despite all the positive qualities, orthopedic
hexapods have a significant disadvantage -
relatively high cost, making them less accessible
for widespread use compared to the Ilizarov
apparatus [33, 34].

Table 1
Studies on acute correction of multiapical deformities
(level of reliability higher than expert opinion)
o
G —~ o
©und =
Author, 58S &3
publication Methodology @ 8 E Correction accuracy =5 Complications
© 00 [z "
year S &d 2
AN S)
O
Bilen F.E. et Fixator-assisted nailing 4(4) | MAD +2.25 mm (0-6) MPTA | Average BHI 15t degree by
al., 2010 [17] 89.75° (89-90) — 43 days/cm Caton —
LDTA 90° (90) (30-48)) 2 episodes
Galal S.,2017 | Fixator-assisted nailing >1(=1) N/a N/a N/a
(18]
Paley D. et al., | Fixator-assisted nailing n/a (8) *1° from planned N/a Absent
1997 [26]
Eralp L. et al., | Fixator-assisted nailing 2(7) MAD +8.75 mm (5-11) N/a Absent
2004 [27] (FAN) MPTA 86.5° (85-90) LDFA
87.5° (86-90)
Song H.R. et Final locking nail fixation | >1(>1) N/a N/a N/a
al., 2006 [28]
Eralp L. et al., | Fixator-assisted nailing >1(>1) N/a N/a N/a
2011 [29]
Kocaoglu M. Fixator-assisted nailing 17 (43) | LDFA 87° (80-92) (val.), 90° N/a 1t degree by
etal., 2011 [30] (87-109) (var.); Caton — 5
MPTA 88° (86-90) (var.), 87° episodes,
(85-91) (val.); 2" degree by
MAD (var.) +7 mm (0-29); Caton —
MAD (val.) -6 (-20...+7) 4 episodes
Hughes A. et Fixator-assisted internal N/a N/a N/a N/a
al., 2017 [31] | fixation (12)
Chaudhary Fixator-assisted nailing 12 (12) LDFA 89.1° (80.4-90.0) 161 days N/a
M.M. et al., PDFA 86.6° (82.0-90.3) (103-208)
2019 [38] MAD restored
in 42% of cases

MAD — mechanical axis deviation; LPFA — lateral proximal femoral angle; PDFA — posterior distal femoral angle; LDFA — lateral distal
femoral angle; MPTA — medial proximal tibial angle; LDTA — lateral distal tibial angle; BHI — bone healing index; N/a — not available;
val. — valgus; var. — varus.
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Table 2
Studies on gradual correction of multiapical deformities
(level of reliability higher than expert opinion)
5,2 ¥
uthor, 23g orrection s -
publication year Methodology g = on accuracy & = g Complications
z =& SE
Zyrjanov S.Y., Use of Ilizarov hinges <66 (N/a) N/a N/a N/a
1995 [4]
Ganger R. et al., | Simultaneous correction | >1 (>1) N/a N/a N/a
2009 [11] using multiple Hexapods
Solomin L.N. «Spring technique» 7(7) 97.6% 6 (4-9) weeks; | 1%t degree by Caton —
et al., 2017 [20] 47 (37-54) 2 episodes,
weeks 2 degree by Caton —
1 episode
Vilenskiy V.A. Simultaneous correction | 25 (30) Val: MPTA 31.1+20 days; 15t degree by Caton —
etal., 2019 [21] | using multiple Hexapods 90.1%4.4° 47 (37-54) n/a ("almost
LDTA 86.5%8.0° weeks. in all"),
Var: MPTA 2 degree by Caton —
88.6%1.8° 11 cases
LDTA 88.7+4.4°
Gradual deformity 14 (19) Val: MPTA 27.1¥48.3 days; | 1° degree by Caton —
correction using one 90.9+2.3° 177.8+10.3 days | more than 3 episodes
Hexapod LDTA 89.7+5.5° ("almost in all"), 2nd
Var: MPTA 87£3.2° degree by Caton —
LDTA 86+11.2° 5 episodes (26%)
Song H.R. et al., | Use of Ilizarov hinges >1(>1) N/a N/a N/a
2006 [28]
Vaidya S.V., Use of Ilizarov hinges 24 (47) MPTA 86.3%6.4° n/a; 15t degree by Caton —
2006 [32] LDTA 91.2+#8.4° Average BHI 17 episodes;
MAD 4.7+11.6 mm 26.06+3.27 2" degree by Caton —
days/cm 29 episodes
Matsubara H. Use of Ilizarov hinges 2 (6) LDFA 88° (87-90); n/a; Absent
et al., 2008 [33] MPTA 86.5° 146 (133-157)
(85-88); days
LDTA 87° (86-88)
Naqui S.Z.H. Simultaneous correction | >1 (>1) N/a N/a N/a
et al., 2008 [34] | using multiple Hexapods
Koren L. et al.,, | Simultaneous correction | >2 (>2) N/a N/a N/a
2016 [35] using multiple Hexapods
Riganti S. et al., | Simultaneous correction | >1 (>1) N/a N/a N/a

2018 [36]

using multiple Hexapods

MAD — mechanical axis deviation; LPFA — lateral proximal femoral angle; PDFA — posterior distal femoral angle; LDFA — lateral distal
femoral angle; MPTA — medial proximal tibial angle; LDTA — lateral distal tibial angle; BHI — bone healing index; N/a — not available;
val. — valgus; var. — varus.
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DISCUSSION

There is terminological confusion arising from
the use of "multiapical deformity" and "multilevel
deformity" as synonyms. In our opinion, the term
"multiapical deformity” inherently indicates that
the deformed bone has several (two or more)
apexes of deformity. Therefore, we consider that
preference should be given to this term. The term
"multilevel deformity" is more appropriate for
denoting deformities in different segments of the
same limb.

The diagnosis of MD (multiapical deformity)
deserves separate consideration. Signs referred
to as "bow curving bone "and"deviation of
one of the angles from the reference values
when crossing anatomical axes in the area
of "obvious deformity" are illustrated in
Fig. 1 ¢ and 1 d. However, when determining
the MD using mechanical axes in both cases,
the point of intersection is located outside the
bone (Fig. 3 a, b). Thus, the discussed signs
are not independent but rather specific cases
of feature No. 1, which is "location of the MD
outside the boundaries of the bone."

Another MD feature, "localization of the apex
of deformity outside the obvious deformity,"
(see Fig. 1e) also cannot be considered universal.
With standard planning using mechanical axes,

MPTA=87°

MPTA=87"

®

LDTA=89°

Fig. 3. Analysis of the diagnostic signs of MD:

/
@ LDTA=89° @ l‘

the MD is determined within the boundaries of
the bone, allowing correction according to the
1st osteotomy rule (Fig. 3 c).

Deformity with parallel axes of the proximal
and distal fragments (Fig. 1 f) is referred to in
the literature as "isolated translation deformity."
Its correction can be performed with either one
or two osteotomies. The question of whether
translational deformities corrected with two
osteotomies can be classified as multiapical is a
subject of debate.

Despite the fact that restoring proper
relationships between reference lines and angles
is a key goal of deformity correction, the bone's
shape after correction must also be taken into
account. MD correction can be successfully
accomplished with a single osteotomy, following
either the 1st osteotomy rule (for MD located
anteriorly, posteriorly, medially, or laterally to
the bone's boundaries) or the 2" osteotomy
rule (for MD located above or below the bone).
However, in the first case, a "zig-zag" in the
anatomical axis and a bony "bump" may occur
[6], while in the second case, pronounced distal
fragment translation occurs. Performing multiple
osteotomies can eliminate these undesirable
outcomes. The optimal number of osteotomies
in specific cases and the best levels for their
execution remain points of discussion.

MPTA=88°

LDTA=90°

a — correction planning using the mechanical axes of the proximal and distal bone fragments

(analysis of sign N 2);

b — correction planning using the mechanical axes of the proximal and distal bone fragments

(analysis of sign N 3);

¢ — correction according to the 1st osteotomy rule (analysis of sign N 4)
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In the implementation of most MD correction
techniques, the axis of theintermediate fragment
is aligned with the proximal fragment's axis,
and the axis of the distal fragment is aligned
with the intermediate fragment's axis. However,
this method can be easily implemented only
when the intermediate fragment's axis is linear
(i.e., straight). If we consider the axis of the
intermediate fragment as the mid-diaphyseal
line, then in cases where the intermediate
fragment (and thus its axis) is nonlinear, the
realization of the described method becomes
impossible. Recommendations for planning
MD correction, as described by D. Paley et al.
(See Fig. 2) and the algorithm for planning
three apical deformities, become significantly
more challenging when dealing with nonlinear
fragments. The more "curved" the bone is,
the more challenging it is to implement the
described planning method; there are no
recommendations on how many straight
segments the anatomical axis curve should be
divided into.

Diagnosing deformity and preoperative
planning are just the initial steps in the treatment
of patients with MD. A literature analysis has
shown that the most common surgical treatment
methods for MD at present are acute correction
with internal fixation using intramedullary
rods and gradual correction using orthopedic
hexapods.

One of the most important indicators in
assessing correction results is its accuracy.
However, only 10 out of 20 authors provided these
data. Furthermore, in some studies, correction
accuracy is reflected as percentages [20], while in
others, values of reference lines and angles are
provided [17, 21, 26, 27, 30, 32, 33, 37, 38]. All of
this creates challenges for an objective evaluation
of the effectiveness of the methods being used.

As previously noted, despite its advantages,
acute correction with internal fixation has
objective limitations and contraindications.
In cases where these exist, gradual correction
is preferable. However, techniques for gradual
correction using orthopedic hexapods also have
their disadvantages. When multiple hexapods
are used simultaneously, the construct becomes
excessively heavy and cumbersome, increasing
patient discomfort associated with the external

fixation frame. There is also an increase in
labor requirements; the orthopedic surgeon
must perform several isolated calculations in
the computer program, and during correction,
adjustments need to be made not for just six,
but for twelve, or in the case of threeapical
deformities, eighteen struts. Additionally, the
economic burden on the healthcare facility
increases because more orthopedic hexapods are
required to implement this method.

In sequential correction using a single
hexapod, a choice must be made regarding which
apex to start correction from, and two separate
calculations are necessary. The correction period
increases proportionally with the number of
deformity apexes (See Table 2). Premature
consolidation at the level of the apex «awaiting»
correction is possible.

The "spring technique" aims to overcome
the drawbacks of both methods. This technique
involves using only one hexapod, which is more
comfortable for both the surgeon and the patient.
The correction is performed simultaneously at
multiple apexes, reducing its duration. However,
despite the promise of this technique, several
technical details essential for its successful
realization remain unclear:

- the optimal number
characteristics of elastic rods;

- the optimal points for attaching elastic rods
to supports;

- the specifics of using computer software for
orthopedic hexapods when the "spring technique”
is realized.

In the ‘spring technique,” during the
calculation of correction in the computer
program, the distal fragment's axis is aligned
with the proximal fragment's axis, ignoring
the intermediate fragment's axis. In this case,
it remains unclear how to define the "yellow
contour" in the computer program, indicating
the initial position of the mobile bone fragment:
should it correspond to the boundaries of the
distal fragment or include the intermediate
fragment entirely or partially? Another function
of the "yellow contour” is to establish so-called
"structures at risk" (SAR) based on its boundaries.
SAR are critical points for calculating the
number of correction days in the program. SAR
represent the point at the proximal edge of the

and technical
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distal fragment that will undergo the greatest
displacement in both the frontal and sagittal
planes during correction.

In the implementation of the ‘spring
technique,” the first stage of correction
(distraction) is performed using the orthopedic
hexapod at one apex and two-plane Ilizarov
hinges at another apex. When performing the
standard calculation in the computer program
to achieve distraction, axes of the proximal and
distal (mobile) fragments are required. Based on
this, the algorithm built into the program aligns
the distal fragment's axis with the proximal one.
Therefore, in cases where one axis is not an
extension of the other, meaning there is angular
deformity, the distal fragment will experience
displacement in width and/or at an angle (Fig.4).

The "free movement" of the red contour
using program options is not technically sound
and may cause a malfunction in the program.
Therefore, the technique for correctly performing

Step 1 e
Translation
Axial, mm
5 | (
AP view, mm Lat view, mm
@G (-
AP tilt,°® Lat tilt,®
| ——
Rotation
BASIC € o * BASIC
c= o

Fig. 4. When trying to identify the axes of the
proximal and distal fragments by the standard
method, the program calculates not the plane-
parallel distraction, but the translation and
angulation of the distal fragment

distraction using an orthopedic hexapod when
implementing the "spring technique" currently
requires clarification.

CONCLUSIONS

The term "multiapical deformation,” in
contrast to the term "multilevel deformation,”
inherently indicates the presence of two or more
deformation apexes in the bone. Therefore, it
should be used to denote this pathology. The key
diagnostic feature of MD is the localization of the
point of intersection of the axes of the proximal
and distal fragments outside the bone. However,
it is not an absolute feature and requires further
clarification. Unlike uniapical deformities, MD
requires the use of intermediate fragment(s)
axes for planning correction. To date, there is no
known method for accurately determining the
axis of a nonlinear intermediate fragment(s). It
remains unknown how to perform MD correction
planning based on mechanical axes.

Acute correction of MD with intramedullary
fixation and gradual correction using several
orthopedic hexapods (one for each deformity
apex) are the most commonly used methods.
The "spring technique" has clear advantages as
it allows the use of only one orthopedic hexapod
and one calculation for MD correction. However,
there is a need for justification of the optimal
characteristics of elastic rods, their fixation
points, and clarification of the method for using
the hexapod's computer program, specifically
for calculating initial distraction and defining
the boundaries of the movable fragment and
"structures at risk." Addressing these challenges
will enhance the effectiveness of treating
patients with MD of the long bones of the lower
extremities.
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3HayeHne uHPpanaTeNNIIPHON XXMPOBOM TKaHU
B MaToreHese o0CTeoapTpuTa KOJIEHHOro CyctaBa:
0630p 3apybexxHOM nuTepaTypbl
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I ®I'BOY BO «Cesepo-3anadHulii 2ocydapcmeeHHblii MeduyuHckuti yHusepcumem um. U.1. Meunukosa» Mun3dpasa Poccuu,
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Pedepar

Octeoaptput (OA) SIBJISIETCS OMHMM M3 CaMbIX PACIIPOCTPAHEHHBIX 3a607€BaHMI CYCTAaBOB CpPely B3POCIOTO HACETeHMS.
B Hacrosiee BpeMsI OKa3aHa POJib BSUTOTEKYIIETO BOCHATIEHUST M TIPpeobiagaHys KaTabomMyecKux IIMTOKMHOB Haj, aHab0-
smyeckuMu ipy OA. JlokazaHO BiaMsiHME OXMpeHMs Ha pasButue OA MocpecTBOM BbiZie/IeHUS JXKMPOBO TKaHbIO BOCIIAIN-
TeTbHBIX MeIMaTOPOB. [IoTeHIMaNbHBIM JOHATOPOM ITPOBOCIIAIUTEIbHBIX IIUTOKMHOB, ¥ B TOM YMCIIe CrieluduiecKux mpo-
BOCITAJIUTENbHBIX IIUTOKMHOB SKMPOBOJ TKAHY — aIAITOKMHOB, SIBJISIETCSI MH(PATaTe/UISIPHAsT JKMPOBast TKaHb (KMPOBOE TEJI0
Todda). Y 3mopoBoro uenoBeka uHbpanaTe/uisspHas KMpoBasi TKaHb YUaCTBYET B PacIpefesieH MeXaHM4YecKoi Harpy3Ku
Ha CyCTaB ¥ MeTaboaM3Me CMHOBMAIbHON KUAKOCTU. MHGMWIbTpalys MHbpanaTe/uiipHOii SKUPOBOi TKaHM Makpodaramu
u muMdoIMTaMI CITOCOGCTBYET HE TOTBKO BHIPAOOTKE MPOBOCITAIUTETbHBIX IIMTOKMHOB, 00aIAI0IINX XOHIPOTUTUIECKIMU
CBOJICTBAMM, HO ¥ TTOAEPSKaHMIO XPOHUUECKOTO BOCITAJIEHNS B CUHOBMATbHOI 060/10UKe, CYCTAaBHOM XPSIIIe U CyOXOHIPasb-
HOJ KocTu. Mopdosornyeckye U3MeHEHNUST B SKUPOBOM Tejie Todda MOryT SIBISIThCS KaK MHIMKATOPOM BOCHAIUTETHLHOTO
pol1iecca B CyCTaBHO IOJIOCTH, TaK M MPEJUKTOPOM TMAaTOMOTMYECKUX U3MeHeHuii B cycTaBe. Cpeny TMCTOMOTMYeCKNX U3-
MeHeHmit 11 TedueHust OA BasKHBIMMU SIBJISTIOTCST MHOMIBTpaIs Makpodaramu u aumdbontamu, Gubpos, yToieHne Mex-
IIOJTIbKOBBIX TTePeroposioK, yMeHbIlIeH/ e Pa3MepOB KMPOBbIX AOMEK M aAUTIOIMTOB U yCuUIeHMe BacKyasipu3anmu. Mopdoio-
ruJeckyie M3MeHeHMsI MOKHO OLIeHMBATb IPU TTOMOIIM HEeVMHBAa3MBHOIO METOAA BU3yanu3aluy — MarHUTHO-Pe30HAHCHOM
Tomorpaduu, 61aromapsi KOTOPOii MOKHO OI€HUThH Haluuue M BbIPaKEHHOCTh CMHOBUTA, YTOMIIEHe CMHOBMATbHOIM 060-
JIOUKM, OTEK, YTOJIIEHME MEKIOIbKOBBIX MEPEropofoK, yMeHblleHe obbema skupoBoro Tena lodda. TcTomornueckme
1 ToMorpaduyeckyie MPU3HAKK MOTEHIMATBHO MOTYT ObITh MCIIOIb30BAHbI 1JIS1 OLeHKM cTerneHu TspkecT OA 1 cocTaBIeHMst
IMPOTHOCTUYECKUX 1IKal. MH(ppamaTe/uisipHast sKupoBasi TKaHb TaKkKe SIBJISIETCS] MICTOUHMKOM Me3eHXMMAaJIbHbBIX CTBOJIOBBIX
KJIETOK, DeHOTUITMYECKM CXOIHbIX C XOHAPOIMTAMM, KOTOPbIe MOTYT ObITh MCITOTb30BAaHbI JIJIS1 pereHeparu XpsieBoi TKaHU
cycTaBa Ipy MMHMMAaTIbHO MHBAa3MBHOM BMeIATeIbCTBE JIJIST VX ITOTyYeH NS,

KioueBbie cyioBa: MHMpanare/sspHas skupoBasi TKaHb, skupoBoe Teio f'odda, 0ocTeoapTpuT KOJIEHHOTO CYCTaBa, aIUITOKN -
HbI, KOJIEHHBIII CYCTaB, CMHOBMATbHASI 060JI0UKA, MAaTHUTHO-PE30HaHCHAsE TOMOrpadus.

IOna nuruposanus: Kopuesa 10.C., Bopucenko M.B. 3HaueHue nHbpanaTe/UISIpHOl JXMPOBOI TKAHU B IaTOreHes3e
ocTeoapTpuTa KOJEHHOTO CycTaBa: 0030p 3apybexHOil aurTepaTypsl. Tpasemamonozuss u opmonedust Poccuu.
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Role of Infrapatellar Fat Tissue in the Pathogenesis
of Knee Osteoarthritis: A Review
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Abstract

Osteoarthritis (OA) is one of the most common joint diseases in the adult population. The role of indolent inflammation
and predominance of catabolic cytokines over anabolic ones in OA has now been proven. The influence of obesity on the
development of OA by releasing inflammatory mediators by fat tissue has been confirmed. Infrapatellar fat tissue (Hoffa’s
fat pad) is a potential donor of proinflammatory cytokines, including specific fat tissue proinflammatory cytokines -
adipokines. In a healthy person, infrapatellar fat tissue contributes to the distribution of mechanical load on the joint
and metabolism of the synovial fluid. Infiltration of infrapatellar fat tissue by macrophages and lymphocytes leads not
only to the production of proinflammatory cytokines with chondrolytic properties, but also to the maintenance of chronic
inflammation in the synovial membrane, articular cartilage, and subchondral bone. Morphologic changes in Hoffa’s
fat pad can be both an indicator of the inflammatory process in the joint cavity and a predictor of pathologic changes
of the joint. Among histological changes, infiltration with macrophages and lymphocytes, fibrosis, thickening of the
interlobular septa, reduction in the size of fat lobules and adipocytes, and increased vascularization are important for
the course of OA. Morphologic changes can be assessed using a non-invasive method - magnetic resonance imaging,
which makes it possible to evaluate the presence and severity of synovitis, thickening of the synovial membrane, edema,
thickening of the interlobular septa, and a decrease in the volume of Hoffa’s fat pad. Histologic and tomographic signs
can potentially be used to assess the severity of OA and develop prognostic scales. Infrapatellar fat tissue is also a source
of mesenchymal stem cells phenotypically similar to chondrocytes, which can be used for regeneration of joint cartilage
tissue with minimally invasive intervention to harvest them.

Key words: infrapatellar fat tissue, Hoffa’s fat pad, knee osteoarthritis, adipokines, knee joint, synovial membrane, magnetic
resonance imaging.
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BBEJIEHUE

Ocreoaptput (OA) sBjsIeTCS CaMbIM pacIpoCTpa-
HEHHBIM 3a00jIeBaHMeM CYCTAaBOB Cpely B3POCIOTO
HacesleHMsl, a TaKKe 4aCToV MPUYMHONM MHBAIUM3A-
uuu [1]: 8,9% HaceneHuss MUMEIOT KIMHUYECKY 3HAUN-
Mble TIPOSIBIEHMS 3TOro 3aboneBaHus [2], IpU 3TOM
Haubosiee YaCTO TMOPAKAETCS KOJMEHHbI CyCcTaB —
y 6% [2]. ITapagurma nartorene3a OA momeHsiach OT
MpencTaBaeHns 0 6aHATbHOM AeCTPYKIMUY CYCTaBHO-
ro Xpsla BCJIELCTBYE TPaBMbl WIM TMPUBBIYHOTO U3-
HalIMBaHMU C BO3PaCcTOM B CTOPOHY Bocnpusatus OA
Kak 3ab01eBaHMSI BCEro CycTaBa, XapaKTepusylole-
rocsl 4aCTMYHOM yTpaToi Xpslia, YTONIEHUEM CU-
HOBMAJIbHOY 060/I0UKM, CKJIEPO30M CYOXOHIpaTbHOM
KOCTU U o6pa3oBaHMeM OCTeOhUTOB, a TaAKKe U3Me-
HEHMSIMU B CTPYKTYpe CyCTaBOB, CBSI30K M OKPY>Kalo-
myx MbIuax [3]. OtcyrcrBre 3pPeKTUBHBIX MeTO-
IIOB JiedeHMs] U MPObUIAKTUKM TIPU BO3pacTaroiiei
YacToTe BCTPeuaeMOCTU AUKTyeT He0OX0AMMOCTb T0-
MCKa HOBBIX (DaKTOPOB, YUACTBYIOUIMX B CTAHOBJIEHUN
u iporpeccupoBanuu OA. B HacTosiliee BpeMs Cylie-
CTBYeT HEeCKOJIbKO BapMaHTOB 060CHOBaHMSI €ro IaTo-
reHe3a, OIHAKO OOIENPU3HAHHO, YTO ITIABHYIO POJIb
B pasBUTUM IaHHOTO 3ab0jeBaHMUSI UIPAIOT BSJIOTe-
Kylllee BOCTaJieHMe U OucOaaHC KaTaboauyeckux u
aHabonMuecKux LMUTOKMHOB [4]. OkupeHMe BMecTe
¢ MeTabonMYeckKMM CUHIPOMOM CBSI3aHbI C Pa3BU-
THEM MPOBOCHAIUTENBHOTO COCTOSIHUSI B OpraHu3me
3a CUeT BbICBOOOKAEHMS IMTOKMHOB, KOTOpPbIE 3aIly-
CKalOT U3MeHeHMsI B MeTabosm3Me XpsIeBoii TKaHU
[5, 6 7]. 3BecTHO, YTO KMPOBas TKaHb MPOSYLIIPYET
60/bIIOe KOMMYECTBO KaTAbOONIMUECKUX IMTOKMHOB
(aZUTIOKMHOB), TAKUX KaK agUIOHEKTHH, JIENITUH, pe-
3UCTUH, XeMepuH, IL-6 1 TNF-a [8]. OnHako, mommumo
MeTaboNMMueckoil aKTMBHOCTY BUCLIEPAIbHOM SKUPO-
BOVi TKAHU, HEJTb3S1 MCKITI0YATh BAMSHIE MHbpanaresn-
JIIPHO¥ XMPOBOW TKaHM (KupoBoro Tena l'odda) Ha
passutme OA KOIeHHOro cycrasa [9], u3yuyeHue KOTo-
POTO SIBJISIETCS 11€J1bI0 JAHHOTO 0630pa.

CTpYyKTYpHO-(YHKIVMOHAJIbHAS XapaKTepUCTUKa
vH@panaTe/uIIPHOI JXUPOBOI TKAHU

JKuposoe Teno Todda mpencrasiseT coboii CKOIIIE-
HJe >KMPOBOI TKaHM, PacIoloKeHHOe TOZ, KaIcy/1oi
KOJIEHHOTO CYCTaBa B HEIOCPENCTBEHHO! OGIM30CTH
OT CMHOBMAJIIbHOI 0GOJIOYKM, TO €CTh SIBJISIETCSI BHY-
TPUCYCTaBHBIM M BHECMHOBUAJIbHBIM BKJIIOYEHMEM,
MOKPBITBIM CMHOBMAIbHOI 060/10uKkoit [10]. Criepenu
OHO OTPaHMYEHO HMKHEN MOBEPXHOCTBIO HaJIKOJIEH-
HMKa U er0 CBSI3KOM, €381 K Hell mpuieraet CMHOBU-
aJTbHast 060JI0UKa KOJIEHHOTO CYCTaBa, TIepeHle pora
MEHMCKOB, MBIIIEJKMA UM MEXMBIIIEIKOBasl BbIpe3Ka
6enpenHoit koctu [11, 12]. B Hopme wmHbpamaren-
JISIpHAs XKUPOBasi TKaHb — 3TO Geast XMpPoBasi TKaHb,
KJIeTKM KOTODPOIi colepykaT OAHY OOJbIIYI0 KarlIio
KUpa, OKPYsKeHHYI0 000JKOM IIUTOIUIA3MbI C OTTEC-
HEeHHBIM Ha Iepudepuio IIPOM, UTO SIBIISIETCS ee 0CO-

6enHocThIO. XKupoBoe Tenmo Todda chopmupoBaHo
B BUJE KPYIIHbBIX A0JieK, KOTOpble pa3sfeeHbl TOH-
KMMM COeIVHUTETbHOTKAHHBIMM IleperopojgKkaMu
n3 komnareda [ u III Tunos [13], KOTOPBIN BCTPOEH
B amMop(dHOe OCHOBHOE BeleCTBO, COAepsKaliee In-
KO3aMMHOI/IMKaHbI. IIpM 3TOM IIPOLEHTHOE COOT-
HOIlIeHMEe COeOVMHUTENbHON TKaHM 37eChb BbIle 10
CPaBHEHMIO C BUCILEPAIbHON KMPOBOV TKaHbIO, UTO
CBSI3aHO C MEXaHMYEeCKOI Harpy3Koii, KOTOPO¥ IoaBep-
skeHo skupoBoe Tesio lodda [14, 15]. Ero moskHO pasge-
JIUTD Ha JIB€ YaCTU — HAPY)KHYIO U BHyTpeHHIo [10].
BHYTpeHHSIS1 yacTb — 3TO CepAlleBMHA IPOKIaIKU
C TBEPOOI1, MOXOKEeN Ha IOAYIIKY, JKMUPOBOW TKaHBIO,
obmamammasi  aMOpPTU3UPYIOUIMMY  CBOVCTBAMMU,
B TO BpeMs KaK BHEIIHSIS MPeCTaB/sIeT Co60i Msr-
KYI0 SKMPOBYIO TKaHb, OKDYKaWILyl0 BHYTPEHHIOI
yacTtb. [lepudepust kupoporo tena I'odda xopoiiro
BaCKy/SIpU3MPOBaHa, LIeHTP BaCKyJsSIpU3MpOBaH ciia-
60; KpOBOCHAOXKEHME OCYIIECTBIISIETCS TIOCPEICTBOM
apTepuaNbHOi ceTu, CPOPMUPOBAHHON BepXHE
M HIDKHEl KOJEeHHBbIMU apTepusiMu, COeqVHEHHbI-
MM TpeMsl TOPU3OHTAJIbHBIMM aHacTomosamu [15].
WHdpamnaTeispHas XKUpoBasi TKaHb MMeeT Jumda-
TUUYECKVE COCYAbI, a TAaKKe 60raTo MHHEPBUPOBAHA U
COAEPKUT 3HAUMTEIbHOE KOIMYECTBO cybcTaHImm P,
KOTOpasi BBICBOOOXIAETCSI M3 IepBMUHBIX adde-
PEHTHBIX HEPBHbIX OKOHUYAaHMII M WUTpaeT BaXHYIO
poJib IPY XPOHMYECKOM BOCIaJIeHUM, YTO BO MHO-
rOM OIpefesisieT pa3BuTHe 6OIEeBOT0 CMHApPOMA TP
OA [16]. TlepenHemenyuanbHasi ee 4aCTb MHHEPBU-
pyeTrcss BeTBSIMM ITOJKOKHOIO, OOJIbIIeO6epIIOBOr0
M 3alMpaTeibHOTO HEPBOB U HEPBOM UIMPOKON Me-
IMAIbHOV MBIIIIIBI, B TO BpeMs Kak repeaHe60KoBast
YyacTh CHAOXKaeTCsl BeTBSIMM OT HepBa IMIMPOKOIi jaTe-
PaJbHOM MBIIIIIBI, & TaKKe OOJbIIe6epIIOBbIM, BO3-
BpaTHbIM MajI0O6ePIIOBBIM M OOLIMM MaIOGEPIIOBBIM
HepBamu [10].

CunTaeTrcsl, YTO OCHOBHOJ (YHKIIMEN SKMPOBOIO
tena Fodda sIBsIeTCsT pacrpeneneHne MexaHUIecKoi
Harpys3ku Ha cyctas [14]. [lomuMO 3TOro OHO MOXKeT
y4acTBOBaThb B CEKpeLuu U pacripeeneHun CUHOBU-
QTBbHOM XKUAKOCTYM M CTAOMWIM3aIMy HagKOJIeHHUKA
[14, 15, 17]. TecHas aHaTOMMUUeCKasi CBSI3b MHbpara-
TEJUISIPHO JKMPOBOJ TKaHM M CUHOBMAIBHOI 0060-
JIOUKY TIO3BOJISIET BBIOENIUTDH ITU JIBa 0Opa30BaHUS
B CTPYKTYPHO-(OYHKUVOHAIbHYIO eIMHUITY KOJIEHHO-
ro cycrasa [18].

Ponb uHbpanaTe/sIIpHO JXMPOBOIT TKAHU
B [IaTOreHe3e OCTeoapTPUTa KOJIEHHOI'O CyCTaBa

WHOUIbTpalMs XUPOBOI TKaHU JTI060M JloKaam3a-
uuu Mmakpodaramu 1 1 2 Tumnos [3] u iumbouuTamu
[19] samyckaeT Bblfe/leH)e MHOTOUYMCJICHHBIX IIPO-
BOCITIMTENbHBIX MeguaTOPOB, KOTOpPble aKTUBUPY-
I0T 0eCTPYKTUBHbBIE IPOLECChl B CYCTaBHOM Xpsllie
[17,20, 21], 9yTO IBASI€TCS OGHUM U3 KJIIOUEBbIX 3BEHHEB
natoreHe3a OA M CONpOBOXAAETCS B AajbHeilleM

149 2023;29(4)

TPABMATONOIMNA N OPTOMNEANA POCCMN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



OB30Pbl / REVIEWS

BOCTIAJIEHVEM B CUHOBMAJIbHOV OOOIOUKe, CyCTaB-
HOM XpSIIe ¥ CyOXOHAPaIbHOI KOCTU. 3TO TOIIOJIHU-
TEJIbHO CTUMYJIUPYET XOHIPOIUTUYECKUIA 3pdexT
3a CYeT MHTMOMPOBAHMSI CHHTE3a IPOTEONTMKAHOB
B XOHJPOIMTAX YeJOBeKa M aKTUBALMM BbIPAOOTKMU
KaTaboIMYecKuX MOJIEKY/T Y TTPOBOCTIAIUTETbHBIX ITVI-
TOKMHOB YK€ HeIOCpeICTBEHHO XOHApouuTaMu [22].
WudpanaTemispHas KMpoBast TKaHb, CIIOCOOHAST BbI-
NleJIITh TaKue aJUTNOKUHbI, KaK aJUMOHEeKTUH, auIl-
CUH, JIETITVH, Pe3UCTUH U BUChATHH, SIBJSIETCS apa-
KPVHHBIM MCTOUHVKOM (DAaKTOPOB POCTA U IIUTOKMHOB
IS CMHOBMAJIbHOV 060JIOUKYM KOJIEHHOTO cycTasa [5].
[Tpu 3TOM KOMMYECTBO MTPOBOCIIAIUTENbHBIX LIMTOKN-
HOB, CEKPETUPYEMBIX MH@pPAIaTeUIIPHON KUPOBOI
TKaHblO, KOPPEJUPYET C CUCTEMHBIM BOCIaJeHUEM
B ITOJKOXKHO-KMPOBOJ KJIeTUaTKe Mpu mMeTaboamde-
CcKOM cuHApoMe [23]. OnHaKO UX JTOKaJIbHAsI CEKpeLus
B CyCTaBe 3HAUMUTEJIbHO MPEBbINIAET TAKOBYIO B IO/ -
KO>KHO-XXMPOBOI1 KileT4yaTke [13].

JlenTuH CIIOCOOCTBYeT Mponudepanum 0OCTeo-
6JIaCTOB M TUIIEPTPO(PUM XOHIPOIIUTOB, BHIPAOOTKE
OCTEOKaJIbI[MHA, KOTOPbINi CTUMYAMUPYET 3SHAOXOH-
IpaJibHOe OKOCTeHeHMe 1 06pa3oBaHe 0CTe0(hUTOB,
xapakrepHbIX Ajs1 OA [24]. Takke JIENTUH CTUMYJIU-
pyeT MPOLYKLUMIO XOHAPOUMUTAMM MATPUKCHBIX Me-
TaJIONPOTEeNHA3 1-TO U 3-TO TUIOB, MPOCTAIJIAHIM-
Ha E, NO, IL-6 u IL-8, yTO NpMUBOOUT K pa3pylIeHUIO
xpsima [25]. Kpome Toro, IL-6 momasisieT CMHTE3 KO-
nmareHa II Tumna, ycumnmuBaet omocpenoBaHHywo IL-103
JleTeHepalyio MPOTeOIIMKAHOB U MHAYLUPYET BbI-
JleJleHVe Pa3IMYHbIX MeTa/JIONpPOTenHa3, BK/IOYas
ADAMTS (A-me3suHTErpyMH ¥ MeTa/UIONPOTeNHAa3bI,
copepskale MOTUB TPOMOOCITOHAHA), KOTOpPbIe BHO-
CAT AOTOMHUTENbHBIN BKIAJ B JereHepaiyio Xpsiia
[13, 26]. Mexanusm perictBusi pesuctuHa npu OA
OKOHYAaTe/lIbHO He YCTaHOBJIEH, CYMTAETCSl, YTO OH
CIoco6eH YCUMIMBATh BBIPAOOTKY XOHIPOLMUTAMU
TaKMX IPOBOCHAJIUTENbHBIX LIMTOKMHOB, Kak IL-1a,
IL-1B, IL-6, IL-8, CCL2, CCL3, CCL4 u TNF-a [27].
AIUTIOHEKTUH SIBJISIETCS TPOTUBOBOCIIAIUTEIbHBIM
LIMTOKMHOM, KOTODBINi CTUMYIMPYET BBIPAOOTKY
Makpodaramu 2-ro TUIA IPYroro MpOTMBOBOCIIAIN-
TeapbHOro nmuTokMHa IL-10 [25].

BocnanurenpbHas wuHuUabTpauuss uH@pamaresn-
JISPHOJ XKMPOBOJ TKaHU CIIOCOOCTBYET BO3HMKHO-
BeHMIO 0OOJIeBOr0 CHHApPOMA 3a CYeT BbIFeIeHUs
HEpPBHBIMM OKOHYaHMSIMM BellecTBa P u menTuia,
CBSI3aHHOTO ¢ reHoMm KaybuuToHMHa (CGRP), koTo-
pble yUacTBYIOT B 00pa30BaHUM O0JIEBbIX MMITYIbCOB
B nepudepnyeckoii HEPBHOW CUCTeMe U JOIOTHU-
TeJIbHO MOTYT CTUMYJIMPOBATh MPOAYKINIO TPOBOC-
naanTenbHbIX UMTOKNHOB IL-16, IL-6 u IL-8 pasnnu-
HBIMM TUITaMU KJIeTOK [13].

MexaHndeckast HectabwibHOCTb TIpu OA BBI-
3pIBaeT KJIETOYHYI0 M MOJIEKYISIDHYIO peakluio
B CYOXOHIPaJbHOM CJIO€ KOCTM, aKTUBUPYIONIYIO He-
OBaCKy/sIpU3alMIo M BocHajaeHue. BriociencTsum Ha

nmo3gHux cragusx OA pasBUBAIOTCSI KMCThI CyOXOH/I-
pasbHOM KOCTHM, a Takke OCTEOMUTHI U CKIEpPO3.
[ToBpeskmeHHbIE OCTE06IACTHI IKCIIPECCUPYIOT BBICO-
K/e YPOBHY ITPOBOCHATNTENIbHBIX IIUMTOKMHOB U (hak-
TOPOB pOCTa, KOTOPble BOBJIEKAIOT MMMYHHbIE KJI€T-
KU U KIEeTKU-TIpeJIeCTBeHHUKY, 3aycKasi CKJIepo3
u pemopenupoBanue kKoctu. CKiepo3 MOKET yCUJIU-
BaTbCS TIOJ, BO3JEICTBMEM aKTMBMPOBAHHBIX MaKpoO-
(aroB, KOTOpbIe B OOJBIIOM KOJIMYECTBE COMEPSKATCS
B XXKupoBoM Teste T'odda [24].

Ponb MHGpanaTe/IsIpHO KMPOBOJ TKAHU B Ta-
ToreHe3de OA KOJIEHHOTO CyCTaBa IMOATBEpKIeHA
B 3KCIIEpMMEHTe C ero yjgajJeHueM Yy MOPCKUX CBU-
HOK, UTO MPUBOAMIO K (POPMMPOBAHMUIO B CyCTaBe
COEeIMHUTENIbHOI TKaHU, YMEHBbIIEHUIO COAep KaHUs
MPOBOCIAJINTENbHBIX ~ MEOUATOPOB, aJUIIOKMHOB,
CHVDKEHMIO 4YacTOThl (POPMUPOBAHUSI OCTEOPUTOB
M JereHepaTMBHBIX M3MeHEHMIt XpsIia Mo JaHHbIM
MuUKpo-KT, rucronornyeckoro, MMMYHOTUCTOXUMM-
YeCKOr0 M OMOMEeXaHMYEeCKOTo ucciaemoBaHmii [23].
[Ipenmnonaraercsi, YTO UHBEKIMUM TJIIOKOKOPTUKOCTE-
pounoB B kupoBoe Teno l'odda (BHe momoctu cyc-
TaBa) MOTYT YMEHbIIAThb BOCMaJeHMe U 00JerdaThb
KIMHn4ueckoe teueHue OA, oka3bIiBasi MPOTUBOBOC-
MaJnTeNbHbIN 3(G@eKT, yUUThIBAS NapakKpUHHOE
BIIMSIHME MH@PaIaTe/IsIpHON KMPOBOJ TKAHM Ha
CMHOBMAJIbHYI0 000JI0UKY, IIpenyIpexkaas Hebmaro-
MIPUSITHOE BIIMSIHME IJTIOKOKOPTUKOCTEPOUIOB Ha CaM
XPSIII ¥ CYyOXOHAPATbHYIO KOCTB [28].

Mopdonornueckue M3MeHEeHUS
vHbpanaTe/UIIPHOI XMPOBOI1 TKAHU

¥ UX IMIPOTHOCTUYECKOE 3HAYEHME IJISI TeUeHUS
ocTeoapTpuUTa KOJIEHHOTO CyCcTaBa

XapakTepHbIMM MOPGOIOTMUECKUMM M3MEHEHUSIMU
MHbpanaTe/uIIpHOi XUPOBOI TKaHM Y IAIMEHTOB
¢ OA KOJIeHHOTO CyCTaBa SIBJISIIOTCS ee MHGWIbTpa-
s auMdonuTaMu, MakpodaraMu U TYYHBIMU
kierkamyu [20], pasButue Gpubpo3a C yTOJIIEHNEM
MEKIOMbKOBBIX TIEPErOpoAoK, YMEHbIIeHe pasmMe-
POB KMPOBBIX IOJIEK U Pa3MepOB agUIIOIIUTOB, a TaK-
Ke yeuyieHne Backynsipmusauuu [12, 29].

Makpodarn M1 wuHbpanaTemasIpHO TKaHW,
T- ¥ B-muMbOUUTH BBIAEISIOT MPOBOCIIAIUTEIbHbBIE
IIUTOKVHBI U CTUMYIMPYIOT mposdepannio u aud-
(dbepeHIMPOBKY (GMOPO6IACTOB, CUHTE3 KOJUIareHa,
BbI3bIBasl (PMOPO3MpPOBaAHME CHMHOBUAIBLHOI 060J0U-
KU U CBSI30K KOJIEHHOTO CYCTaBa, UTo JelaeT ux 6ojee
IUVIOTHBIMM U PUTUIOHBIMU [24]. TIpenmosaratot, 4TO
Makpodaryu kupoBoro Ttena I'odbda Takke ydacTBy-
10T B (opMupoBaHUM CyOXOHAPATBHOTO CKIEpOo3a:
OHU TIPOAYIIMPYIOT GOJBIIIOE KOJMYECTBO ITPOBOCIIA-
JINTENbHBIX MeAnaTopos, Bkaouass TGF-f, KoTopslit
CII0CO6CTBYET 00Pa30BaHMIO OCTEO(MUTOB U CKIEPO3Y
CYOXOHIpabHOM KOCTM T10 Mepe IPOrpecCcMpoBaHMS
OA [24]. ®ubpo3 nHppanaTeIIpHON KMPOBO TKAHU
3aITyCKAeTCs 32 CUeT ITOBBIMIEHUST KOJIMYeCTBa UTO-
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KMHOB, CIIOCOOCTBYIONIMX TTposndepaluy 1 co3peBa-
HUIO0 (GUOPO6IACTOB B 30HE BOCIIAJIEHMS, TAKUX KaK
IL-6, IL-8, mpocrarnanauua F2a u ¢akropa Hekposa
omnryxonu-a (TNF-a), pakTopa pocTa SHIOTEIUS COCy-
noB (VEGF), dakropa pocra dubpobaactos-f (FGE-B).
[Tpu yBenuueHuu obbema MHGpaANaTe/UIIPHON KU-
POBO¥ TKaHU Y MAIMEHTOB C OKMPEHMEM BO3HMKAET
ee TUIIOKCHS, KOTOpasl TakKke MHAYIMUPYET Pa3BUTHE
(bubposa mon BaMsSHMEM (haKTOpa, MHAYIIUPYEMOIO
runokcueii-lo (HIF-1a), akTuMBUpPYIOLIETO MPOIM-
depamuio dubpodnacros [30]. TlosBneHne bubposa
COTIPOBOXKIAETCS YCUIEHMEM CeKPeIMu TaKUX Mojie-
KyJI, Kak ¢akTop pocra sHuporenus cocynoB (VEGF)
u ¢axkrop pocra coemuHuUTeNbHON TKaHnu (CTGF),
dubpobnacramu [12, 31] u cHmkeHMeM 3hderTUB-
HOCTM MeXaHWYEeCKO} 3alMThl CyCTaBa 3a CYET IO0-
BBIIIEHMS )KeCTKOCTH XXUPOBOI nomymky [12, 13, 32].
[Tpu MogenMpoBaHMUM XUMWYECKM MHIYIIVPOBAHHOTO
(bubpo3a MHbpanaTe/UIIPHOI KUPOBOI TKAHU €ro
BBIPAYKEHHOCTb KOPPEIMpPOBaa C BbIPAKEHHOCTHIO
JIerpajaiuu Xpsia 1 6071eBoro cuuapoma [22].

WMHduapTpauyst KUPOBOI TKaHM Makpodaramu
1-ro u 2-ro TMNOB, TMMGOLMTAMMU U TYUHBIMU KJIETKA-
MI C IOUIEAVIOIIEN ceKpelyei MpoBOCIIaIUTeIbHbIX
IIMTOKMHOB BbI3BIBAET OTEK M HAPYIIAET CITOCOOHOCTD
uHOpanaTe/ISIpHO XKUPOBOW TKAHU OCIA0JATh Me-
XaHMYeCKOe BO3[JENCTBME ¥ TPaBUTALMOHHYIO Ha-
I'PY3KY Ha CYCTaB BO BPeMsI ABMKEHMS, UTO YCUIIMBAET
ero MmexaHunueckoe nospexnaenue [13]. Knetku Bocmna-
JIUTETbHOTO MHGUIbTpATA TaKKe B3aMMOIECTBYIOT
C pe3ueHTHbIMY Makpodaramy u agumounTamu [22].
VI3BeCTHO, UTO aAUIIOIMATHI, TOTyYeHHbIe 13 MHGPa-
NaTeJUISIPHON >KMPOBOJM TKaHM, MOTYT PeryjanpoBaThb
MMPOHMKHOBeHMe Makpodaros u CD4+ T-KIeTOK B CU-
HOBMAJIbHYIO 000JIOUKY 32 CUeT BBIAEIeHMUS JINTTUI0B
[5, 11, 13]. CBo6OAHbBIE SKMPHBIE KUCTOThI, 0OHAPYKEH-
Hble B KOHAMIIMOHMPOBAHHOI Cpefie, ITIOTyYeHHON 13
aIUITOLIUTOB XMUPoBOTO Teja l'odda, yeunmBalor mpo-
mudepanyio CD4+ T-KJIETOK U UX CIIOCOOHOCTbh ITPO-
IyIpoBaTh MHTEPGhEPOH-y, a TAKKe MOTYT CHVDKATh
cexkpenyio umTokmua IL-12p40 maxpodarammu [5].
Hanmume nmpoBocnaamTeabHbIX Makpodaros Tuma M1
B XupoBoM Tejie Todda criocobCcTByeT MOSIBIEHUIO
B CMHOBMAJIBHOJ O0OOJIOUKE CyCTaBa CyOIOMYISILIVU
Thl T-nmumdounToB, Makpodaros, B-muMbounToB u
TYYHBIX KJIETOK, IMTPOSYKIIMM MATPUKCHBIX METAJIIO-
NpOoTeMHAa3 U Aerpajanuyu xpsigeBor TkaHu. CMeHa
(eHoTHIIA MaKpO(dAaroB Ha IMPOTUBOBOCIIAIUTEIbHbIN
M2 riofaBiisieT CeKpeLyIo MPOBOCIIaNUTENbHbBIX IIUTO-
KMHOB [13, 25], cMeHSsIq X Ha MPOTUBOBOCIIATUTEb-
Hble MeIMaTOPhI (apruHasy 1, aHTarOHUCT pelenTopa
IL-1, IL-10) n HampaBisgeT auddepeHINPOBKY M-
(omuToB B cropony Th2 — Bce 3T0 3aImmycKaeT perapa-
TUBHBIE NIPOoLeccs [13].

[ToBeimenne ypoBHst VEGF B TKaHM >KMPOBOTO Tea
Todda Taxke Habmomaercs nmpu OA, UTO IOJIOXKU-
TeJTbHO KOPPEIUPYET C BACKY/IIpU3aIyeli CMHOBUAb-

HOJi 0060JIOUKM, obecreunBasi MOCTYIIEHUE KIIETOK,
dbopMuUpylOIINX BOCHAJIUTENbHbI MHOWIBTPAT, U
MIPOrpeccupoBaHMe BOCIAIIMTENBHOrO Iporecca [13].
Hammune nmumbonnTapHoii MHOWIBTPALIUY U YCUIe-
HMe BAaCKy/ISIpU3alMy HaOGII0JAl0TCs OJHOBPEMEHHO
M B CMHOBMAJbHOI 000JI0YKe, M B MH@pPaIaTesp-
HO KMPOBOJ TKaHU, YTO MOXKET CBUIETEIbCTBOBATD
0 opMupoBaHUM TOPOYHOTO KPYTa, MOAAEPKMUBAIO-
11ero nepcucTupyolee BocnaaeHue [24].

Tawke myisi OA xapakTepHO yBelMYeHMe Koauue-
CTBA TYYHBIX KJIETOK B MHGpAIaTe/uIsIpHON KUPO-
BOJ TKaHM. TyuHble KJIETKU MPOAYIUPYIOT PepMeHT
TPUIITa3y, aKTUBUPYSI MaTPUKCHbIE METaJIONPOTEN-
Hasbl TUIIOB 3 U 13, 3P eKTbI KOTOPHIX ObUIM YITOMSI-
HYTHI BbllIe [13, 32].

Takum 06pa3oM, TUCTOJIOTMUYECKOE VCCIeIOBaHMe
MHGpanaTe/uIsIpHOi SKMPOBOJ TKAHM C OIIEHKOI COBO-
KYITHOCTY MOPGhOMeTpUUeCKUX TToKa3aTeseil MOXeT CO
BpeMeHEeM CTaTb OCHOBOIJA [JIsl OLIeHKM CTereH! Tsike-
ctv OA 1160 co3aHMsI MPOrHOCTUYECKNX HIKAJT.

BrisiBIeHMe M3MeHeHUi MHdpanaTeisipHoit
JKMPOBOI TKaHU C IOMOIIbI0 METO0B
BU3ya/IM3alUU U UX IIPOTHOCTUYECKOe
3HavYeHue

Mopdonoruueckue n3MeHeHMUs MHGpanaTe/IsIpHOIi
SKMPOBO¥ TKaHM MOTYT ObITh 3a(MKCcUpoBaHbl HAa MPT
M CTaTh MPOTHOCTUUYECKUMYU (GAKTOPaAMMU JJIT OLIEHKU
pucka passutust OA 1 ero mporpeccupoBanus [33, 34].

CUHOBUT ¥ YTONIIEHME CUHOBMAIbHOI 000I0Y-
KM OTHOCSITCSI K Hambosee TummuHbeiM s OA MPT-
npu3Hakam [28], KOTOpbIe COUETAI0TCSI C BOCHATUTEIb-
HBIMM M3MEHEeHUSIMU B MHDpamnaTeIsipHOi SKUPOBOit
TKaHM B BUJie OTeKa M YTOJIIEeHUS MeKAOIbKOBBIX
reperopomok [35]. JKuposoe Teno l'odda Taxke mpe-
TepreBaeT M3MeHeHMsI: Ha Mo3aHuX craausx OA Ha-
6/IomaeTcsl yMeHblleHe ero o6beMa, IIoIamu Io-
BEPXHOCTH, yCUJIeHMe TUIIOMHTEHCMBHOIO CUTHaja
MPT, 4TO CBMIETEILCTBYET O bUbpo3MpoBauuy [14].
W3meHeHus, onpenensieMble Iipu MPT-ucciieqoBanmumu
MHGpanaTe/UIIPHOI XKUPOBO TKAHU, MOTYT OBITh
MCITONIb30BaHbl [T (OPMMPOBAHUS KIMHUIECKOI
CUCTEMbI OIIeHKM DPUCKA Pa3BUTHUS U MPOrpeccupo-
BaHust OA Ha ocHOBe 06pab6oTKu 3D-u306paskeHuit
MPT B COBOKYITHOCTU C QHIM30M KIMHUYECKUX JaH-
HBIX: TI0J1a, BO3pacTa, MHIeKca MaccChl Tejia, TPaBM U
XUPYPTUUECKMX BMEIIATeNbCTB B aHamMHe3e [34, 35].
Ha paHHBIT MOMEHT CYIIeCTBYET IOTyKOJIMYeCcTBeH-
Hasl cucTemMa OIeHKM M3MeHeHMsS WMHTEeHCHMBHOCTU
MP-cursana wuH@panaTe/sIpHON KUPOBOI TKaHU
¢ momoripio mKkaasl MR Imaging Osteoarthritis Knee
Score (MOAKS) c olieHKOJ Takoro mnapameTpa, Kak
cuHoBuT Tlodda, KOTOpbIi XapaKTepus3yeT WHTEH-
CMBHOCTH CUTHAJIa ¥ MOXeT MPUHUMATh 3HaUeHUS OT
0 o 3 [36]. B uccnemosanuu K. Yu ¢ coapTopamu 1mo-
Ka3aHa IMPOTHOCTMYECKas I€HHOCTb MCC/IeIOBaHMS
M3MeHeHU MHpanaTe/UIIPHO SKMPOBOi TKaHM, KO-
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TOpbIE MOTYT Npenacka3aTbh Hammuue OA elle 10 KiIu-
HUUYECKOVM IOCTaHOBKUM [nuarHosa [34]. PesymbraTtsl
nuccinegosanus H. Tan ¢ coaBTopamu eMOHCTPUPYIOT
CBSI3b MEXKIY TOSIBIEHMEM TUIIePUHTEHCUBHBIX 00-
Jlacteil B MH(panaTesipHOi JKMPOBOI TKAHU, BU3Y-
aMUM3UPYyeMBbIX TIPU MOMOIIM CUCTEMBbI M300paskeHMi
C TPOTOHHOW B3BEIIEHHON IIIOTHOCThIO (PAWI),
C BBIP@KEHHOCTHIO OOJIEBBIX OIIYIEHMIT Y TTAlIeHTOB
c OA [37].

CpaBHeHIe pe3y/ibTaTOB UCCIeT0BAHMIA IJISI OOHO-
3HAUHOTO CYXIEHMSI O BO3MOXHOCTM MCIIOIb30Ba-
HUSI CTPYKTYPHBIX USMEHEHU B MHQpaIaTe/uIsIpHOi
KMUPOBOJ TKaHM B KauyecTBe MPeIUKTOpa Pa3sBUTUS
OA 3aTpygHUTENbHO, OCKOJIbKY MPUMEHSIIOTCSI pas-
JIMUHbIE METOAbl BU3ya/lM3alMM, & TaKKe pasHble
METO0JIOTUYECKME TTOAXOAbI, MCIIONb3yeMble IJIsi
usMmepenuss Ha MPT-cHMMKax IUIomanyu, obbema
Y UHTEHCUBHOCTYU CUrHana [33].

B03MOXHOCTB MCIIO/IB30BAHUSI
vHbpanaTe/IIPHO XMPOBOI1 TKAHU
B TKaHEBOJ MH)KeHepun

Bb1y10 ycTaHOBIIEHO, UTO YesioBeyecKye Me3eHX/IMallb-
Hble cTBONOBBIE KineTku (MCK) SIBASIOTCS MyJIBTUIIO-
TEHTHBIMM ¥ MOTYT OBbITh BBIZEIEHbI U3 Pa3TUUHbIX
TKaHeli B3pOC/IOro Yel0BeKa, TaKMX Kak KOCTHBIN MO3T,
SKMPOBAst TKaHb U MyMIOBMHHAS KPOBb. JJ0Ka3aHo, UTo
MCK n3 nHbparaTe/IsipHOi JXKMPOBOJi TKaHM 00/1ama-
0T 3HAUUTEIbHBIM XOHAPOTEHHBIM IMMOTEHIMAIOM U
MOTYT CTaTh KIMHUYECKU MPUEeMIEeMbIM UCTOYHUKOM
XOHAPONPOreHUTOPHBIX KIeTOK [38]. YcTaHOBIEHO,
YTO MX BHYTPUCYCTaBHOE BBeJeHMEe YIydllaeT KIN-
Huveckoe TeyeHre OA KOIeHHOTO cycTaBa [39], Tem
6oree, uTo mpoienypa noaydeHus MCK u3 skupoBoit
TKaH}M MeHee MHBAa3MBHA 110 CPaBHEHMIO C UX IOIy-
yeHyMeM U3 KocTHOro mosra, a MCK, nomyuyeHHble 13
BHYTPUCYCTaBHBIX TKaHeii cycraBa, 6onee (eHOTU-
M4YecKky cxonHsel ¢ xouapouutamu [40]. Kpome Toro,
L. Luo ¢ coaBTOopaMu MOpOAeMOHCTPUPOBAIN, UYTO
CTBOJIOBbIE KJIETKH, ITOJTyUeHHbIe 13 MHpanaTemsip-
HOJ1 JXMPOBOIt TKaHU, MOTYT (pOpMIMPOBAThH IPOCTPaH-
CTBEHHBIII COCTaB, UMUTHUPYIOIIUIL CTPYKTYpy Ha-
TUBHOTO CyCTaBHOro xpsima [41]. KynbTuBuposanue
MCK u3 wuHdpamnaTe/UIIpHO/ XKMPOBOI TKaHM Ha
MeXaHUUeCKM CTabuibHOI O6Guopasiaraemoii Io-
JIMUMEpHOI IIJIeHKe B TeueHMe 28 AHeN NPUBOAMUIO
K 00pa30BaHUIO TKaHU, 6OTATOI CyIbGaTUPOBAHHBIM
[JIMKO3aMMHOIJIMKAHOM ¥ KOJIZIal€HOM, KOTOpas I0-
TEHLMATLHO MOXEeT ObITh MUMIUIAHTUPOBAHA B MeCTa

IedeKTOB B KaueCTBe MOTEHIMATIBHOTO CPEACTBA JIJIsST
pereneparnuu gedekTos xpsia [42]. OCHOBHBIM Orpa-
HMUUEHMEeM XPSIIeBbIX KOHCTPYKLMIT Ha ocHOBe MCK
SIBJIIETCST MHIOYKIMS TUIlepTpoduyeckoro ¢GeHoTura
BO BpeMs IudPepeHIIUPOBKA in Vivo, 9YTO MPUBOAUT
K 9HJOXOHAPAJIbHOMY OKOCTeHeHMI0. OfHaKo yepe3
8 Hep. TToce BHEAPEHMST TMOPUIHBIX CTPYKTYP, B KO-
Topbix MCK 13 MH(panaTe/uIsIpHOIi XUPOBOJ TKaHU
M CyCTaBHbIe XOHJIPOLUMTBHI KyJIbTUBUPOBAIUCH COB-
MECTHO, MMHepaiam3alus Xpsama Oblla CHYDKEHaA,
u deHOoTUI 66T cTa6MIBHBIM [43]. MCK nHdpanaresn-
JISPHOJ JKMPOBOJM TKaHM MOTYT HaKaIlJIMBaTb OOJIb-
1I0€ KOJIMYECTBO IMIMKO3aMMHOITIMKAHOB Ha arapos-
HBIX TeJIsIX CyCTaBHOTO Xpsillia, TeM CaMbIM YIydllast
MeXaHMYeckue CBOMCTBA TKaHEMH>KEHEPHBbIX KOH-
CTPYKLMIA CyCTaBHBIX MOBepxXHOCTeli [44]. BBemeHne
9K30C0M, mojayuyeHHbIX M3 MCK uHdpamnaTemispHoi
SKMPOBOJM TKaHM, YMEHbIIAET TsOKeCTh TeueHusi OA
invivo ¥ MHTUOUPYET altoNTO3 XOHIPOLIMTOB, yCUIMBA-
€T CMHTe3 MAaTPUKCa U CHIKAET HKCIIPeCCHIo KaTabo-
Jmueckux (pakTopoB in vitro. MexaHU3M MOXET ObITh
cBsi3aH ¢ MiR100-5p-perynupyeMbIM MHTMOMPOBaHNU-
em mTOR-niytu ayrodaruu, UtTo feraeT MpUMeHeHNe
9K30COM MepCIeKTUBHBIM BapuaHTOM JiedeHust OA
B Gymymiem [45].

Takum ob6pasom, Graromapsi CBOeMY PacIIookKe-
HUIO, MMHMUMAJbHOJ MWHBA3MBHOCTU TOAYyYEeHUS U
XOHAporeHHomy moTeHnyany MCK u3 mHbpanaren-
JISPHOJ JXKMPOBOJ TKAHU MOTYT OBbITh MCIIOIb30BaHbI
st iedeHmst OA 11t BOCCTaHOBJIEHMS TOBPEXKAEHHO-
ro Xpsiia.

3AK/TIIOYEHHE

B Hacrosmee Bpems wuHpamaTessipHas KUPO-
Basl TKaHb IPUBJIEKAaeT K cebe Bce GoOJbllle BHMUMA-
HUSI MCCIeAoBaTeieil, 3aHMMAIOIIMXCS Ipo6aeMoit
0CTeoapTpuTa KOJEHHOTO CyCTaBa, BBUIY €€ pas-
HOHAITPaBJIEHHOTO YJYacTUSl B CTAHOBJIEHUM U TIPO-
rpeccupoBaHMM JAaHHOTO 3a6o0yeBaHMs. I10 JaHHBIM
JIUTEpPATypbl, CYIIECTBYET TeopeTuuecKasi BO3MOXK-
HOCTb MCITOJIb30BaHMS MOPMOIOTMYECKUX U Paayo-
JIOTUYECKNX WM3MEHEHUI ee CTPYKTYpbl B KauecTBe
MpeAVKTOPa Pa3sBUTHUSI OCTE0APTPUTA, UTO MTO3BOIUT
ob6ecreunTh CBOEBPEMEHHYIO IMTPOMIMIAKTHKY, a TAKKE
CTaAMpoOBaTh Iporecc. Me3eHXMMaIbHbIE CTBOJIOBbIE
KJIETKM MHQpaIaTeIsIpHOi KUPOBOI TKaHM U IIPO-
IYKTBI X MeTabomu3Ma (3K30COMBI) SIBJISIIOTCS TIep-
CTIEKTVBHBIMM B OTHOIIEHUM 3aMeIjieHus Iporpec-
CHPOBAHMS OCTEOAPTPUTA KOJIEHHOTO CYCTaBa.
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Bce aBTOpPBI Npowin U opo6puan GUHATBHYIO BepCUIo
PYKOINCU CTaTh!. Bce aBTOPBI COT/IaCHBI HECTM OTBETCTBEH-
HOCTh 3@ BCE acCIeKTbl PaboThI, UTOOBI 06ECIIEUNUTDb HaJIe-
Kallee pacCMOTpPeHMe U pellieHN e BCeX BO3MOXKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HALEKHOCTBIO 060
yacTu paboThI.

Hcmounuk  ¢punaHcuposanus.  ABTOPBI  3aSIBIISIOT
06 OTCYTCTBMM BHEIIHEro GMHAaHCMPOBAHMS MIPU MTPOBee-
HUM UCCIIeN0BaHMSL.

Bo3mookHblli KOH(pIUKIN UHIMepecos. ABTOPBI JeKia-
PUPYIOT OTCYTCTBME SIBHBIX U MOTEHIMATBHBIX KOHGOIMKTOB
MHTEPECOB, CBSI3aHHBIX C ITyOIMKaLMeli HaCTOSIIEN CTaTh.

AOmuueckasa 3kcnepmu3a. He nipyumeHumMa.

UngopmupoeanHoe coenacue Ha
He TpebyeTcs.

nyoauxkayuro.
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feopruii Cepreeeuy bom — ocHoBaTenb Kadeapbl TPaBMaTONOrMUM,
opToneauu U BOEHHO-NONEeBO Xupypruu Poccuiickoro
HaLMOHaNIbHOrO UCC/IeA0BaTe/IbCKOro MeAULIMHCKOro YyHUBepcUTeTa
uM. H.WU. MNMuporoea

K.A. Ernasapss, [I.C. Epiios

@I'AOY BO «Poccutickutl HayuoHansHwLii uccniedosamensckuti meduyurckutl ynugepcumem um. H.M. ITupozoea»
Munsdpasa Poccuu, 2. Mockea, Poccus

Pedepar

Teopruit CepreeBuu bom siBiseTcst ocHoBaTesneM Kadenpbl TpaBMaTOMOTUM, OPTONIEANIM U BOEHHO-IIOJEBOI XUPYpPrumn
PHUMY um. H.U. ITnporosa, kotopoii B 2023 r. ucnoaHm1och 90 seT, a Takke OLHMUM U3 OCHOBOIIOTIOKHYKOB MOCKOBCKOJ
opronenuyeckoii mKomabl. OH 3aHMMAJICSI BOIIPOCAMU JIEUeHUSI IeTCKUX OPTOMeANYeCKUX 3a601eBaHmit, KOCTHO-CYCTaB-
HOTO TyGepKy/ie3a; pa3paboTasl psi OPUTMHAIbHBIX OTIepallnii, B YaCTHOCTM OTlepaliuio s neueHus hallux valgus, Koto-
past monyuymia Ha3BaHue «omnepanyu bomar. Vim pazpaborana kinaccudukaius Bcex BUIOB KOCOMAIOCTH, KOTOPAsI 10 CUX
mop ucnonb3yercst B opronenuu. IIpocdeccop I.C. Bom — aBTOp HECKONIbKMX MOHOTpaduii 1 GOJBIIOTO YKCIa HAYIHBIX
cTareii.

KiroueBbie cjioBa: MCTOPUA TPAaBMATOJIOIUN U OPTOIIEAUN.
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Georgii S. Bom — the founder of the Department of Traumatology,
Orthopedics and Military Surgery of Pirogov Russian National

Research Medical University

Karen A. Egiazaryan, Dmitry S. Ershov

Pirogov Russian National Research Medical University, Moscow, Russia

Abstract

Georgii S. Bom was the founder of the Department of Traumatology, Orthopedics and Military Surgery of Pirogov Russian
National Research Medical University. In 2023 the Department celebrated its 90th anniversary. Prof. S. Bom was also one of
the founders of the Moscow orthopedic school and specialized in the treatment of pediatric orthopedic diseases, as well as
bone and joint tuberculosis. He developed a number of original surgeries, in particular, an intervention for hallux valgus,
which was called «Bom’s surgery». He offered a classification of all types of clubfoot, which is still used in orthopedics.
Prof. G.S. Bom is the author of several monographs and a large number of scientific articles.

Keywords: history of traumatology and orthopedics.
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Wcropus kadempsl TpaBMATOIOTUM, OPTOIEIUN
u BIIX PHUMY um. H.W. TTuporosa Hepa3pbIBHO CBSI-
3aHa ¢ umeHeM ['eoprus CepreeBmuda boma, KOTOpPBI
B 1933 . co3mast 1 BO3IJIaBWI B YHUBeEpcuTeTe Kaden-
py opTomneAuu, KOTopasi B 3TOM rofly OTMedaeT CBOe
90-neTue.

T'eopruit CepreeBuu Bom pommiics 15 mrons 1889 .
B ropoze Opiie B ceMbe MOTOMCTBEHHOTO JIBOPSIHU-
Ha, TUTYAsIpHOTO coBeTHMKA Ceprest Kapinosnua boma
U ero keHbl Mapuu SIkoByieBHbI BoM (meBuubst hamm-
Jius TemupsizeBa).

C 1899 no 1907 r. T'eopruit bom yuuncsa B Moc-
KOBCKOM 7-11 TMMHasuu IaMsITM MMIepaTopa
Anekcanppa III v 6611 BOCIMTaHHUKOM JIBOPSIHCKOTO
MaHCUOH-TIPUIOTA.

B 1907 r. o 6bl1 3auncyieH B VMIiepaTopcKuii
MOCKOBCKMII YHUBEPCUTET Ha MEIMIMHCKUI da-
KysibTeT. Eme co crygeHdeckux jet 'eopruit bom
MPOSIBJISIZT MHTEpPeC K OpTomneAuMyu U KOCTHOMY Ty-
6epkysnesy. C 1910 mo 1918 r. on paboTan B 4aCTHO
OpTOTIeANYECKOI JieueGHMIle M3BECTHOTO MOCKOB-
CKOro Bpayva-optomnena KoncrantuHa I'puropbeBuua
ConoBbeBa. B sroit knmHuke [.C. BOM BbINOMHSII
00SI3aHHOCTY MAaCCaKMCTA, TTIOMOIIHMKA Bpava U ac-
cucrenTa K.I. ConoBbeBa.

OpHoBpeMeHHO ¢ 3TuM ¢ 1912 1. I.C. bom Hauvan
paboTraTh MOMOIIHMKOM Bpaua M acCUCTEHTOM 2-TO
Jleue6HOTO 061IIECTBA GOPHOBI C TYOEPKYIE30M™,

B 1913 r. I.C. Bom ¢ ommMumem OKOHYMI
VHUBEPCUTET U MOMYINI CTEeTIeHb JieKapsl.
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B teuenue roma I.C. Bom 6bUI 3KCTEPHOM XUPYP-
TOM-OPTOIEeOM rOPOACKOI 60abHMUIIbI N2 1. B 1914 1.
OH OBIJI MOOWIM30BAaH Ha TPU roma IJjsl MPOXOXKIe-
HUSI BOEHHOJI CTY>KObI B AO/KHOCTY MJIAIIIEro Bpava
TI0JIEBOTO TOCIIUTAJISI AJIeKCeeBCKOTO BOEHHOIO YUM-
Juia, a B 1916 1. cTan 3aBeayolyM rOPOACKUM roC-
TaseM A1 MTHBAIMUI0B BOVH.

C 1918 r. Ha nporsokenun 12 ser I.C. bom pa-
6oTay 3aBemyIOIIVM KOCTHBIM OTHeJIeHMeM Tybep-
KYy/JIe3HOTO [IeTCKOoro TrocruTaisi. OmHOBpeMeHHO
¢ 1920 r. oH paboTaja OpAMHATOPOM B GOJILHUILIE VM.
H.A. Cemaiko, roe B 1921 r. opraHusoBan opTorie-
Iyyeckoe OTAeIeHMe M CTal ero 3aBeayounuM. 31ech
JIEUMJTVCh TIAIIMEHThI C IMOCAeACTBUSIMU KOCTHO-CYC-
TaBHOrO TyOepKyJiesa U IOJIMOMMENINTA, C IETCKON
opronenuueckoi maronorueii. B 1926 r. I.C. bom
OmyOIMKOBaJ HayuyHbI Tpyn «KoCTHO-CycTaBHBIN
Ty6epKyse3 y IeTelt U ero jieueHue Ha JOMY».

C 1926 1. B Teuenue 7 net I.C. Bom sBisiics npu-
BaT-IOIEHTOM XUPYPruuecKoii KIMHUKK Ipodeccopa
Hukonas HunoBnua BypmeHKO** u Benm JOIEHTCKUI
KypC OpTOTIeINN.

B 1928 r. I.C. Bom Hauayn paboTaTh 3aBeAYIOIIVM
oTmeneHveM (GU3UUECKM aHOMAaJIbHOIO pebGeHKa
WNHCcTUTYTa OXpaHbl 300POBbSI [IETEN M IMOAPOCTKOB.
B TOM ske rofy OH ITOCe T [IJ1sT [IOBBILIEHMS ITpodeccy-
OHAJIbHBIX 3HaHMI KIMHUKY [1apioka, bepnyHa, BeHbl,
[Mparm, a Taxske n3yvaa paboTy yupexkaeHuii mo 6opboe
¢ JeTcKuUM (pu3nueckMM KajaeuecTBoM. [Tociie Bo3Bpa-
uenus u3 Espornsl C.I. bom opranmsosan [lom yBed-
HoOro pe6eHka B MOCKBe 1 CTaJl eT0 AUPEKTOPOM.
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I.C. Bomy creneHu jiekapsi
C OT/INYMEM

* Beepoccumiickasi iura o 6opbs6e ¢ Ty6epKy/ae3oM — o6IecTBeHHas OpraHm3anus, cosgansas B 1910 I., cyIIecTBoBaB-

Il1ast B OCHOBHOM Ha 6JIaI‘OTBOpI/ITeJ'IbeIe cpeacrsa.

** € 1923 mo 1946 r. Hukomait Hunoua BypaeHKo pykoBoami (GakyIbTeTCKOM XUPYPrUUECKOii KIMHUKOM 1 Kahempoit

MeIUILMHCKOI'O dpaKyaneTa MOCKOBCKOTO YHUBEpCUTETA.
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Kuunra «KocTHO-CyCTaBHbIi TyOepKyIie3
y ZieTeii 1 ero je4yeHye Ha JoOMy»

B deBpane 1932 r. mocraHoBienuem BIIVIK B
cuctemMe HapkomaTa CcOIMajabHOTO —O6GecIieueHmst
(HKCO) B MockBe Oblna opranmsoBaHa HayuHo-
MccIemoBaTebckasi 6asa mo 6opb6e ¢ JeTCKMM Kajie-
yectBoM uM. A.C. KuceneBa, pu KOTOpOJi GbUIM OT-
KPBIThI KJIMHMKA OPTOIEeINH, POTe3Has MacTepcKast
U IIKOJIA TI0 TPYyAOBOMY 06yueHMio. OpraHu3aTopom
M TEepBBIM OUPEKTOpPOM 06a3bl 6bUT mpodeccop
I.C. Bom. B manbHeiiiem 3TO yupeskaeHue 6bUIo mpe-
06pa3oBaHo B IHCTUTYT ITPOTE3MPOBAHMS.

C 1932 r. B Teuenne 10 net I.C. Bom paboran 3a-
BEIYIOIMM  3-M  XUPYPIMUYECKUM  OTHeIeHUEeM
bacmanHoit 60/1bHMIIBL, @ ¢ 1938 0 1942 1. coBMelan
3aBeJIbIBAHVE IBYMS OTHOEIEHUSIMU.

Kak y>xe roBopunocs Bblie, B 1933 r. I.C. Bom co3-
Jlaj ¥ BO3IJIaBWI BO BTopoM MOCKOBCKOM MeIUIIVH-
CKOM MHCTUTYTe Kadenpy oproneauu. [log ero pyko-
BOZACTBOM BeJlach HayuHasi paboTa IO aKTyaJlbHbIM
TOr/A IMpobeMaMm JIeueHNS JeTCKUX OPTOIIeIueCKIX
3a60/IeBaHMi1, KOCTHO-CYCTaBHOTO TybepKysesa, [e-
dopmanmii cromsl, 6bIIM pa3spaboTaHbl OPUTMHAb-
HbIe OIlepaTUBHbIE METOABI jJeueHust. COTpyIHUKAMU
Kkadenpsr 6put M.C. JKyxoBuiikmii, B.I. Bbrcokmii,
B.II. Tlomos, E.A. TTankoBa, M.I. Tonnyc. B 1934 T.
I.C. Bom omy6nukoBan MoHorpaduio «dusmyeckoe
KaJIeueCcTBO y IeTeilt ¥ 60pbba c HUM».

[To unuiuaTuse npodeccopa I.C. Boma B cucteme
COLIMANBHOTO obecrieyeHuss ObUTa pasBepHYTA CEThb
IeTCKUX yUpeXmeHuit ajist Gusuuecku M yMCTBEHHO
IedeKTUBHBIX JeTeii. M 6bIJI0 OpraHu30BaHO 06pas-
1I0BOE JIETCKOE YUpeXKIeHe ¢ MMPOKUMIU MeTOAYe-
CKUMM U JIeue6HBIMY 3aauaMy B [TepeieIKMHO.

C HavasioM Benykoii OTeueCcTBEHHOV BOIHBI ITPO-
deccop I.C. Bom BrIOuMyICS B paboTy IO JIEUEHUIO
Y BOCCTAHOBJIEHWIO TPYOOCIOCOOGHOCTY WHBAIUIOB
BOViHBI. OH 3aBefOBaJI XUMPYPTrUUECKUM OTAeIeHUeM
sBakorocrmtaiass N2 5001, a 3arem ObLa IepeBemeH

Dowey I, C, BOM

mrTCEm
RAREMECTRON HECO: HMEHM A C. KRCETER)
AANEAY I UL KASEIPON GFTOIELHN Bre WM

SHU3UYECKOE KAJIEYECTBO

KANEMECTBO ¥ NETEM
TEH W BOPhBA C HHUM
C HHM
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MILAHHE JETKOMHCCHI MPH B LMK
Moexm — 104

Mouorpadust «Pu3udeckoe KajeyecTBo y IeTeii

1 60pbba ¢ HUM»

ITpodeccop
T'eopruii CepreeBuy bom

BO 2-10 TOPOACKYIO0 OOJTBHUILY, T/Ie BO3IJIABWII OT/Iese-
HJe BOCCTAHOBUTEIbHON XuUpyprun. OQHOBPEeMEeHHO
I[.C. Bom ObUT KOHCYJIBTAHTOM B CaHATOPUU
Hapkomcob6eca gjisi oduilepoB B mocenke KpaToso
MOCKOBCKO# 0671aCTV, B TeUYeHMe HEeCKOJbKUX JIeT
PYKOBOAWII OTIEIOM JiIedebHOI TOMOIIY MHBATUIAM
OreuecTBeHHOJ BOViHbI Hapkom3snapaa CCCP.

l'eopruii CepreeBuu bom sIBisIeTCSI OGHUM U3 OC-
HOBOIIOJIO)KHMKOB ~ MOCKOBCKOM  OpTOIenuYecKo
1Koibl. OH 3aHMMAaJICSI BOIIPOCAMM JieueHUs IeTCKUX
opToreguMueckux 3abojeBaHMil, KOCTHO-CYCTaBHOTO
Ty6epKy/e3a; paspaboTan psii, OPUTMHAIbHBIX OIe-
panuit. PazpaboTaHHast UM XUpPypruyecKkas orepanmst
st neaeHust hallux valgus (McceueHne 5K30CTO3a BHY-
TpeHHel MOBEPXHOCTU TOJOBKM | MIIOCHEBOW KOCTU
U TpamelyeBUAHOIO yyacTKa ee cpefHelt 4yacTu ¢ o-
CJIeAYIOMUM COMMKEeHMEeM OCTaBIINXCS TPOKCUMAaITb-
HOTO M JUCTaJIbHOTO yYacTKOB) TOJIyumnyia Ha3BaHue
«orepanusi bomar.
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B 1937 r. oH mpemIoKmI KiIacCU(PUKALMIO BCEX
BUIOB KOCOJAIIOCTEN, pasmenMB X Ha 9 rpymi.
Knaccudmkanys go cux 1mop SIBJISIETCS aKTyaJIbHO
M MCIIONb3yeTcst B opTonenuu. B 1942 r. mpodeccop
I.C. Bom omy6nkoBan MoHorpadwuio «I'Mrcosast mo-
BSI3Ka B OpTONEAMM M TPaBMaTOJOTMM», B KOTOPOIi
OTMCaN Psi, OPUTMHAIBHBIX CIIOCOO0B HAJIOKEHUS
TUIICOBBIX MTOBSI30K.

OmHMM M3 TOCTeHNX HAYYHBIX TPYHOB IMpodec-
copa I.C. Boma craia ony6nmkoBaHHast B 1943 r. Mo-
Horpausi «OCHOBBI BOCCTAHOBUTENBHOTO JIEUEHUS
KOHEUYHOCTE».

I.C. Bom 6bUT 6eCCMEHHBIM 3aMECTUTEIEM IIPe-
cematensi YueHoro coBera Hapkomcob6eca PCOCP.
Harpaxpgen opaeHom «3Hak [ToueTa» (1944), Megasibio
«3a 060poHy MocCKBbI» (1944), 3HaKOM «OTIMYHUK
3, paBOOXpaHEHMSI».

I.C. BoM CKOpOITOCTMKHO CKOHYAJICSI 7 CEHTSIOPS
1945 1. 1 6bUT TTOXOpOHEeH Ha HoBomeBuubeM Kiiaji-
oumie. Iocne cmeptu npodeccopa I.C. Boma kaden-
pa OblIa peopraHM3oBaHa B AOIEHTCKMUI Kypc, KO-
TOPBIV BO3IVIaBWJI ero yuyeHK Muxana CaMoiaoBuu
JKyxoBuiIkuii. B mociemyiomnieM Kypc BHOBb ObII ITpe-
obpasoBaH B Kadepy.

B Hacrosimee Bpemsi Kadenpy TpaBMaTOJIOTHH,
opronenuu u BIIX Bo3rmiasisieT 3aC/Ty>KeHHbI U30-
operatenb Poccuiickoii ®Demepaiuy, OOKTOpP Me-
IUIMHCKUX Hayk, mpodeccop Kapen AnbbepToBuu
ErnasapsiH. EMy yganoch COXpaHUTb U IPEYMHOXUTh
KaJpOBbIi cocTaB Kadenpsl M KIMHUKNA, OTKPBITh HO-
Bble HaIlpaBjeHUs] HAyUHbIX MCC/IeJOBAHUI, YBeIu-
YUTDb KOTMUECTBO KIMHUIECKUX Oa3.

IMTpornwto 90 siet co IHST OCHOBaHMS Kadeapsl TPaB-
matosioruu, oprornenuu u BIIX, HO OHa Mo-TMpexXHEMY
IVMHAMUYHO pa3BMBAETCS M IMPOJO/DKAET Tpaaulum,
3as0’keHHbIe ee ocHoBaTesneMm [.C. bomom.

CeedeHus 06 asmopax

< Ezuasapsamn Kapen Anvbepmosguu — I-p Me[l. HayK,
mmpodeccop

Anpec: Poccust, 117997, r. MockBa, yin. OCTpOBUTSIHOBA, I. 1
https://orcid.org/0000-0002-6680-9334

e-mail: egkar@mail.ru
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BNAOAUMUP CEPTEEBAY 3YBUKOB
K 70-neTuio co AHA poXXaeHus

23 mexa6ps 2023 1. cBoit 70-1eTHMIT 106MIeit OT-
MedaeT [OKTOpP MeAOMIIMHCKMX Hayk, Mpodeccop,
naypear [Ipemun mpaBuTesbcTBa PO B 06;1aCTH HAyKU
u TexHUKYM Bnagumup CepreeBud 3yGMKOB.

Brnagumvup Cepreesud ponuics B 1953 r. B Mockse
B ceMbe Ccnykanux. B 1971 r. oH OKOHUYMJT CpeIHIO0
LIKOIY ¥ B TOM >Xe rOfy ocTynuia B 1-i1 MockoBcKuii
MeauIUHCKUIT MHCTUTYT um. W.M. CedyeHOBa Ha
2-i1 teyebHbIN paxkynbreT. C IepBOro Kypca MHCTUTYTa
OH CTaJl MPMHUMATh aKTMBHOE yJyacTue B paboTe Ha-
YYHOTO CTY/IeHUeCKOT0 Kpy>kKKa Ha Kade/pe ornepaTuB-
HOV XUpypruu U Tomorpaduueckoii aHATOMUM, BO3-
rnasisiemoit mipogeccopom T.b. Borycnasckoii. Cpenu
€ro TepBbIX MpernoJaBaTesieli OrepaTUBHON XUPYPTUK
B CTYIEHUYECKOM KpY)KKe ObLI M3BECTHbBINI B HACTOSI-
1ee BpeMsl KapauoxXupypr jaypeat ['ocynapcTBeHHOI
npemun CCCP C.JI. [I3emumkeByd. Ha crapmmx Kyp-
cax mHcTuTyTa B.C. 3y6MKOB 3aHMMAJICSI B CTyIeHYe-
CKOM KpY’KKe Ha Kadeape TpaBMaTOMOTUN, OPTOTIeANN
U BOEHHO-TIONIEBOV XUPYPIUM, KOTOPOV PYKOBOIWII
II-p Me[I. HayK, rpodeccop I.C. FOmaries.

B 1977 r. B.C. 3y6MKOB MOCTYIMI B KIMHUYECKYIO
OpOMHATYPY, IOC/Ie OKOHYAHUSI KOTOPOi OH ObLI
MIPUHAT Ha paboTy B MOCKOBCKMIT 067aCTHOI Ha-
YUYHO-UCCIeA0BATENbCKUI KIUHUUYECKUN WHCTUTYT
(MOHUMKUN) M. M.®. BraniuMupcKkoro Ha JOKHOCTb
MJIaJIlIerT0 HAayYHOTO COTPYAHMKA B KJIMHUKY TpaB-
MaToJIOTUM U OPTONeNUU, BO3IJIABJISIEMYI0 JOKTOPOM
MeAULIIMHCKUX HayK, mpodeccopom O.II. Byaunnse.
B 1986 1. oH ycrHenrHo 3auuUTUI KaHAUIATCKYIO AUC-
cepraiuio «CTabUIbHBIN OCTEOCUHTE3 MeTadusap-
HBIX ¥ MeTaayadu3apHbIX OTOEIOB GempeHHO! U
601b11Ie6EPITOBOI KOCTE IPY JIeUeHUY TTOCTIeICTBI
TPaBM U OPTOIIeMUeCKUX 3a60/1eBaHMIT».

B 1996 r. B cocraBe KOJJIEKTUBA COTPYOHUKOB
MOHUKU n PKK «3ueprusi» B.C. 3yOMKOB ITOIy-
uyn [IpemMuio mpaBuUTenbCTBa PO B 06/1acT HayKu U
TEXHUKM 3a pa3paboTKy U IKCIIepUMeHTalIbHOe 060-
CHOBaHMe HOBOJ MemUIIMHCKON TexHMUKU. B 2002 1.
B.C. 3yOMKOB 3allUTWI TOKTOPCKYIO IMCCEPTALIO
«HaKkoCTHBIIT CTa6UIbHO-(DYHKIMOHAIbHBI 0OCTe0-
CUHTe3 TpPU JIeYeHUM TOCAe[CTBUII MepeoMOB KO-
cTeil KOHEUHOCTei» M B 9TOM ke rofy ObUT Ha3Ha-
YeH Ha JIO/DKHOCTb TJIaBHOTO HAyYHOTO COTPYAHMKA
OTAeneHus TocaeAcTBUii TpaBM. CBOIO HAy4yHYIO U
XUPYPrUUecKyo mesTesbHOCTh B.C. 3yGMKOB COBMe-
A ¢ MpernofaBaTeNbCcKoii, paboTass Ha JODKHOCTYU
npodeccopa Kadeapbl TPaBMATOJOIMU Y OPTOIIeIN
(akynbreTa ycoBepiieHcTBOBaHMS Bpaueii MOHUKU
um. M.B. Bragumupckoro.

B 2007 r. pemenuiem BAK P® emy npucBoeHO yue-
Hoe 3BaHMe Ipodeccopa. 3a BpeMsl cBOeii paboThl
B MOHUKU Baagumup CepreeBud aKTMBHO pasBU-
BaJl ¥ COBEPIIEHCTBOBAJ METOJbl XUPYPrMUyecKoTo
JieueHMUsI TSKeJIbIX MOCIeICTBUIT TpPaBM KOHEUHOCTeI
M Ta3a, MHOTO 3aHMMAaJICS MMPo6ieMaMi ITOCTTPaB-
MaTUYeCKOTO OCTeOMMeNNTa, HapyllleHUlt pereHe-
paiuy KOCTHOJM TKaHu. VIM npuobpeTeH 3HAUUTEb-
HbIV OIIBIT XUPYPTUUECKON KOPPEKLUUM KOCTeil u
CyCTaBOB KOHEUHOCTeJ MpU pasanyHOro pojia opTo-
neguMyecKux 3a6omeBaHMAX y B3pocibix. B.C. 3y6ukoB
OTHOCUTCS K TIOKOJIEHUIO POCCUICKUX CIIeLINATUCTOB,
KOTOpbIe BIlepBble B Hallleii cTpaHe Hadyaau OCBau-
BaTb ¥ BHEAPSTH B MPAKTUKY COBpeMeHHbIe MeTOIbl
SHJIONPOTE3UPOBAaHMSI KPYMHBIX CYCTAaBOB, CHaua-
ya Ta306eApPeHHOr0, a 3aTeM — KOJIEHHOTO, Tijieve-
JIONIATOYHOT'O U JIOKTEBOro. B 3TO BpeMs, 0 TOSB-
JIeHUsI CIelMaJu3UPOBAHHBIX KIMHUK B OHKOJIOTU-
yeckux 1eHTpax PO, Bmagumup CepreeBuu B CBO-
el TpaKTUKe MCII0Nb30Bajl TaKKe OHKOJOTUYECKOe
SHJIONPOTE3UPOBaHMe TIPU 37T0KAUECTBEHHBIX OITyXO-
JISIX KOCTEeW U CyCTaBOB HMKHUX KOHEUHOCTeI € 3ame-
IIeHyeM MCKYCCTBEHHBIMM MMIUIAHTATaMU CyCTaBOB
¥ TIpwieskamux nuabn3apHbIX OTAEI0B KOCTEiA.

ITpodeccop B.C. 3y6ukoB 6omee 10 jer sBisics
YJIeHOM AMCCePTalMOHHbBIX COBETOB IO 3alliUTe KaH-
OUOATCKUX M AOKTOpCcKuX aucceprauuii MOHUKU
M. M.®. Bnagumupckoro n IUTO (HMUL] TO) um.
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H.H. ITpnoposa. I[lox ero pykoBOACTBOM 3allUI€HbI
4 xaHaupatckue gucceprauynu. OH SBJISIICS YIE€HOM
MEXIYHApOMHOM 00pa30BaTeNbHOI OpraHu3alun
SICOT ¥ ujeHOM Hay4yHOro Komurera Pycckoro 06-
IecTBa Ta300eqpeHHOr0 CYCTaBa, BXOMASIIETO acco-
LIMMPOBAHHBIM WieHOM B EBpomeiickoe o06IecTBO
Ta300eJpeHHOrO0 CYCTaBa, a Tak’ke y4yacTBOBAJI B pa-
60Te KoHTpeccoB EBporieiickoro ob1iiecTBa MHGEKIUN
KOCTeJi U CyCTaBOB.

B 2013 . B.C. 3y6uKoB HavaJ paboTy B CHCTEME Jie-
YeHMsI KOCTHO-CYCTaBHOTO TybepKyie3a MoCKOBCKOIA
obmacTy, mpuAs Ha MOJIKHOCTD 3aBeAYIOIIETo OTaese-
HueMm I'bBY3 «MOCKOBCKMIT 061aCTHOM LIEHTP CHELN-
aIM3UPOBAHHON MEIVILMHCKON ITOMOLIM GOJIbHBIM
BHEJIETOUHBIMM (OopMaMM TyOepKyJiesa», rme Ipu-
MeHSIeT CBOJi 60raThIi OIBIT OPTOIEANYECKO XUPYP-
MY TIPU JIEUeHUM KOCTHO-CYCTaBHOTO TyOepKysesa
U Hecrneuyduyeckoii MHEGEKIUM cycraBoB. TaM OH
Hauyaja pa3paboTKy yCOBEPIIEHCTBOBAHHBIX METOIMK
apTPOIUIACTUKY TPU MHPEKIIMOHHBIX TyOePKy/Ie3HbIX
U Hecrienu@uueckux apTpuTax, METOOVK CTabuIn3a-
LMY TIOpakeHHBIX Ty6epKyIe30M CyCTaBOB, BIIEPBbIe
MPeJIOKNUIT HaChIIATh IleMeHTHbBIe crielicepbl MPOTU-
BOTYOEPKY/Ie3HBIMIU XUMMOTIPeIriapaTaMu.

ITpodeccop B.C. 3yOMKOB OOKIAIbIBAET O pe-
3y/lIbTaTax CBOeii paboThl Ha KOHTrpeccax (Tu3MU-
aTpMUYeCKOro COOOINeCTBa, THe €ero XMUpypruyeckast
M HayyHasl AesiTeIbHOCTh TMOJydyaeT OAHO3HAUHYIO
MOJIOKUTENbHYIO OIleHKy. C 2018 r. cBow paboty
B.C. 3y61uKOB IIPOIOIKIAIT B TOJIBKO YTO OTKPBIBIIEMCST

@OI'BY «HaumoHa bHbIV MEAUIIMHCKUIA EHTDP PTU3U-
OITYJIbMOHOJIOTUM M MHQEKIVOHHbIX 3a001eBaHmUii»
Mwun3gpaBa Poccuy Ha OO/DKHOCTM BeOyIero Ha-
YUYHOTO COTPYAHMKA HAYyYHOTO OTHEeNna KOCTHO-CYyC-
TaBHOM IMATONOrMM. TamM OH YCIIENIHO MNPOAOJIKUI
3aHMMAaTbCSI Pa3pabOTKOii METOOMK apTPOIUIACTUKMI
MHOUIMPOBAHHBIX CYCTaBOB, ITyOJIMKYSI aBTOPCKUE
CTaTbhy B CHelMaan3MPOBAHHbIX U3naHusax. B 2020 r.
B.C. 3y6bukoB c coaBTOpamMy ONYOJMKOBaIM CTATbIO
B XypHasie «TyOepKyse3 u 6OJIe3HU JIETKUX», B KO-
TOpoJi BHepBble B Poccuiickoit ®demepaunum mpo-
aQHAM3UPOBAIM 3HAUUTEIbHBI HAKOTUIEHHBIN OITBIT
MEePBUYHOrO [IBYX3TAITHOTO SHAOMPOTE3MPOBAHMS
KPYITHBIX CYCTABOB, ITOPaKEHHBIX TyOepKy/Ie3HOM
uu Hecrenguueckoi nHdexiyein. C ero akTMBHbIM
yJacTueM BrepBbie B Poccuy poBefeH KOMITIEKC MUC-
C/IeIOBAHUII  (XMMMWYECKUX, MUKPOOMOIOTUYECKIX,
MexXaHMYeCKUX VICTIBITaHMIT) 06pa3IoB IeMeHTa, Ha-
CBIIIEHHOTO OOJIbIIONM TPYMIION IMPOTUBOTYOEPKY-
JIe3HBIX XMMMOIIPENapaToB, YTO MO3BOIMIO YCOBEP-
MIeHCTBOBATDb MCIOb3yeMble IIeMeHTHbIE CITeiicepbl
M YAYYIIUTH PEe3YJAbTaThl SHOOIPOTE3UPOBAHUS TIPU
MH(GEKUMOHHBIX apTpUTaX, BKIKOUAs UX TyOepKyIies-
HOe TIopaskeHue.

B.C. 3y6ukoB siBisieTcst aBTopoM 6Gosiee uem 280
Hay4YHBIX pabor, 13 maTeHTOB.

B nHacrosmee Bpems I-p Mend. HayK, mpodeccop
B.C. 3yGMKOB SIBJIIETCST WIeHOM AcCCOIMaliy TpaBMa-
TOJIOTOB-0OpTOINienoB Poccuu n wieHom Poccuiickoro
obmecrsa ¢pTusuatpos (POD).

Konnekxmus HMHI] ¢@musuonynsmoHonozuu u uH@eKUYUoHHblx 3abonesaruli noszdpaensem Bradumupa
Cepzeesuua c 70-n1emHum ro0uneem u xceaaem emy 006p020 300p08bsl, HOBbLX MBOPUECKUX 00CMUMCeHULI!
Pedakyus xcypHana npucoeduHsemcs K n030pasJieHusm 0ouisapa.

161 2023;29(4)

TPABMATONOIMNA N OPTOMNEANA POCCMN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



MAMATHDBIE OATbl / MEMORIAL DATES

[lepconanuu

BNAOUMUP GEAOPOBUY LEJIb
K 125-netuto co gHa poxxaeHus

Pedepar

CraTbst mocBsiIeHa 125-7IeTHi0 €O THS POXKIOEHUS I-pa MeJl. Hayk, npodeccopa B.@. Lens — co3maTesst MIKOJIbl XUPYPIUHA,
TPaBMAaTOJIOTMM ¥ OPTOIEANH B I. ApXaHTelIbCKe, BHECIIEIO OTPOMHBIN BKJIaJ] B CTAHOBJIEHNE 1 pa3BUTIE CAMOTO CEBEPHOTO
MeIUIMHCKOTO MHCTUTYTA.

KirouesBsle ciioBa: MCTOPUS TPABMATOJIOTUM M OPTOIIEANNA.

Personalities

Vladimir F. Tsel
To the 125™ Anniversary of the Birth

Abstract
The article is dedicated to the 125™ anniversary of the birth of Doctor of Medical Sciences, professor V.F. Tsel. He was the
founder of the school of surgery, traumatology and orthopedics in Arkhangelsk, who made a huge contribution to the formation

and development of the northernmost medical institute.
Keywords: history of traumatology and orthopedics.

B 2023 r. ucnonamiock 125 net co gHS poxkiae-
Hus ripodeccopa B.®. Ilenst, KOTOPBIi BHEC GOIbLION
BKJIaZ, B pa3BUTHe MeIULMHBI eBporneiickoro Cesepa
Poccuu, mpopaboTaB TOJBEKa Ha XUPYPIUUECKUX
Kadenpax ApXaHTeNbCKOTO TOCYZAPCTBEHHOTO Me-
InumuHCKoro uHetutyra (ATMU). OH — ocHoOBaTesnb
M TIepBbIi 3aBedylonuii Kadeapoit TpaBMaTOIOTUH,
opToIenuu M BOEHHO-MOPCKOV XUPYPrMM B CaMOM
CeBepHOM MeAUIIMHCKOM By3e MMpa.

Bnagumup ®epgoposuu (Bonbgemap TeomopoBuy)
Henp pomuicsi 14 mapra 1898 r. B c. JlonmnMHOBKaA
KoHcTaHTMHOBCKOI Bosocty Camapckoit TybepHumn
B KpPeCTbsIHCKOV ceMbe. OKOHUYMII MeAUIIMHCKUIA
dakynbTeT ToMcKoro yuusepcurtera (1924), roe ero
MpernojaBaTeassMy  ObUIM  BBbIFAIOIIMECS YUeHbIe.
CBo10 TpymoByl0 AesTeqbHOCTh B.®. llenb Hauan
¢ paboThl YUACTKOBBIM BpauoM B ceigax CamMapcKoit
ry6epuun. C 1929 r. B CeBepHOM Kpae (B HacTosIee
BpeMst — ApXaHTenbCcKas 06J1acThb) ObUT 3aBEAYIOIUM
Xupypruueckux otneneHuit ILIPB, omHOBpeMeHHO
MperoiaBaa XUPYPru U 3aBeqoBasl yUeOHON dac-
ThIO MaliMaKcaHCKOTO (ebAIIepcKoro  yUMInIIa.
B 1936—1942 rT. — accucTeHT Kadenpsl 06111eit Xupyp-
My ApXaHreybCcKoro MeIMHCTUTYTa. B aBrycre 1942 r.
6bUT MOOWJIM30BaH B TPYAOBYIO apMUIO U 10 Masi
1943 r. paboTan IJ1aBHBIM BpauoM M XMUPYPrOM Ja-
3apeTa B Jlarepe [ 3aKin04eHHbIX 1pyu Kotnacckom
MOCTO3aBOJie.

B 1943 r. B.®. llenp yCIiemHo 3alUTUI KaHAUIAT-
CKYI0 JiccepTanyio Ha TeMy «[lepesiomMbl JIObDKEK
(MexaHM3M MPOUCXOXKAEHMUS, KIMHMUKA U JIedeHUe)».
[Mocte meMo6GUIM3AIMK U3 TPYOOBO apMuUM 10 Map-
Ta 1944 1. 3aBefOBaJ XUPYPTrUUECKUM OTHeNeHUeM
KoTnacckoit paitoHHOI GOMbHUIIBI. 3aTeM Bragumup
@emopoBNY CHOBA BEPHY/ICS B I. APXaHTeIbCK, ObLI
YTBEPKIEeH Ha JOJIKHOCTD JolleHTa KadeIpbl TOCIN-
TaJbHOM XUPYPTUM M HABCEr[a CBSI3aj CBOIO CYIbOY
C MEeIUITMHCKUM MHCTUTYTOM.
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OTU U Tocaenywollye TOAbl 3aMedaTelbHOro
XUpypra O6bUIM OCOOEHHO IIJIOJOTBOPHBIMM: OH BUP-
TYO3HO MPOBOAMJI KOXKHOIUIACTMYECKMe oIrepaium,
BIIEpBbIe B ApXaHIeJIbCKOM 006JaCTU OIepupoBal
IeTeli C BPOXKIEHHOI pAacCIIeNMHON BepXHel TIyObI
M TBEPHOOTrOo Heba, BHEAPWI XUPYPTUUECKUE MEeTOIbI
JleueHnsT BPOXKIEHHOTO BBIBMXA Oelpa M KOCOJaro-
cti. B 1953 1. B.®. Ilesnp 3amUTUA JOKTOPCKYIO IVC-
ceprainuio Ha TeMy «KoykHasi TjlacTuKa SI3B M He3a-
SKMBAIOLIMX paH». Bragumup ®eqopoBuy 66T M36paH
Ha JIOJDKHOCTb BTOPOTro Mpodeccopa Kadenpsl rocm-
TaNbHON xupypruu (1956), a 3aTemM BO3IIABWI 3TY
Kkadenpy (1959). [Tpu knuuuke npodeccop B.O. Llenpb
OTKPBIBAJ 3KCIIEPUMEHTAIBHYIO J1ab0paTOpPuIo Ijist
MPOBeeHNS] HAyYHbIX UCCAeq0BaHMIA.

B mnepmarormueckoit mOesSTENbHOCTU U PYKOBOJ-
ctBe Kadempoit Bmamumup ®PemopoBuY  MPOSIBIISII
cebst yMeNnbIM OPTaHM3aTOPOM, XOPOIIUM JIEKTOPOM
M OMBITHBIM KIMHUIMCTOM. OH GBI MHUIMATOPOM
MpenofaBaHus CTYAEHTaM CTapIiuX KypCcOB MHCTU-
TyTa OCHOB TPaBMAaTOJIOTUU ¥ OPTOIEANN, TYOepKy-
JIE3HOJ OCTEOJIOTUM U YEeTCTHO-JIULEBOV XUPYPTUNA.
Bnagymup ®@emopoBud BOCIINTAT MHOTUX XUPYPTOB.

Bnagumup ®emopoBuu oOpraHuM3oBal U  BO3-
IJTaBUWJI  ApXaHTeJlbCKOe OOIIeCTBO TPaBMAaTONO-
rOB-OpPTOIEAOB, M30MPANCS UIEHOM IpaBIeHMS
Bcecoro3Horo o61ecTBa, 6bUT IJTABHBIM TPaBMaTOJIO-
oM ApXaHTeJIbCKOI 06/1acT.

B 1971 r. B.®. Llenp opranmu3oBaj 1 BO3IVIaBUJI HO-
BYI0 Kadenpy TpaBMAaTOIOT UM, OPTOTIEINN Y BOEHHO-
Mopckoit xupypruu ATMU. 3a Bpems pa6otel B ATMU
Brnagumup ®egopoBud MposiBUI cebst KaK BIyMUMBBI
KJIVMHUIUACT, OBITHBIN XUPYPT U CAMOOTBEP>KEHHbI
HAy4YHbIVi paOOTHUK, OH He TOJIBKO CaM TPYIOMJIICS Haf,
paspelieHneM psia HayYHbIX Mpo6iIeM, HO M IIPU-
BJIeKaJI KOJUIEKTUB Bpaueii. [log ero pykoBOACTBOM
OBIIO BBIMTOJIHEHO 3 MOKTOPCKMUX M 10 KaHAMIATCKUX

nucceprainuii. OH siBysieTcst aBTopoM 90 ImyGIKaIuii,
3 u300peTeHnit 1 6 palpeIoKeHNIA.

B.®. llenp Obu1  mpeacemateneM  HayuHo-
MPaKTUYEeCKOro OOIecTBa TPaBMAaTOIOTOB-OPTOIIe-
IoB ApxaHrenbckoit o6mactu (1968-1973), wieHoM
npasieHust Poccuiickoro obuiectBa TpaBMaTOIOTOB-
opTomenoB. 3a 3aCIyTM B TIOATOTOBKE BpaueOHBIX
KaZipoB, pa3BUTHE TPaBMaTOIOTO-OpPTOIEeNUeCKOM
CTYKOBI, YIyYIIeHMe KauecTBa JieueOGHO pPaboThl
B ApXaHTeJbCKOJM 00/1aCTM, HAy4YHbIE TOCTVKEHMUS
npodeccop B.D. Llenp HarpaxkmeH opaeHaMyu «3HaK
[Toueta» (1961), «TpymoBoro KpacHoro 3HameHWU»
(1968) n megansimnu.

IMpodeccop B.®. Llenp BBICTYIIAN MHUIMATOPOM
BHeIpeHUsI B IPaKTUKy BCEro HOBOTO U IlepefoBO-
rO: YPeCKOCTHbBIN KOMITPECCMOHHO-AUCTPAKIMIOHHBIN
ocreocuHre3 no [LA. inu3apoBy, KOCTHas TOMOILIAC-
THKa, PEKOHCTPYKTMBHbBIE Olepalii Ha KPYITHbIX CyC-
TaBax " T.J. IM TIpenJioskeHbl OpUTMHAaJIbHAST MOAU-
dbuKamyst TUIICOBOV TOBI3KM AJISI (PYHKIMOHAILHOIO
JIeYeHMsI TepesioMa JIOObIKEK, pa3paboTaHbl HOBBIE
CTI0COOBI OTIepaIMii IPU PACXOKIEHNUY TTPSIMbIX MBITIIIT
SKMBOTA, KOPPUTHUPYIOIIVE OCTEOTOMMUM Oefpa IIpy Ba-
pycHO# nedopMaLyy IeiiKy 6epeHHOl KOCTH, STar-
Hasl MEeTOIMKa «BOCIIMTAHMSI» UTAJbSIHCKOTO JIOCKYTa
KOKM IJISI TUTACTUKY He3aKMBAIOIIMX SI3B U paH, Quk-
caIyst HeCBOOOAHBIX KOSKHBIX JIOCKYTOB MPY 3aKPbITUN
IedeKTOB MMOKPOBHBIX TKAHE! ¥ MHOTOE JIPYTOe.

3a IoJIBeKa CBOei 1IeueOHOI, HayIHO U ITeIaroru-
yeckoi gesitenbHoCcTU B.®. Ilenb co3pan 3amevaresib-
HYI0 IIKOJMY XWUPYProB, TPaBMaTOJIOTOB-OPTOIENOB,
KOTOPYIO OT/JIMYalOT BbICOYAiilliasi OTBETCTBEHHOCTb,
MpeAaHHOCTh M30PAaHHOMY [IeJTy M OpPTaHM3aTOpPCKAas
aKTMBHOCTb. ETO 1O mMpaBy MOXXHO Ha3BaTb OCHOBO-
MOJIOKHMKOM TPaBMAaTOJIOTUM U OPTOIeIUM Kak Ha-
YUHOV OUCUUIUIMHBI Ha eBporelickom CeBepe Hallel
CTPaHbI.

Bpazuna Ceemnana BareHmuHoeHa

KaH/. MeJl. HayK, IOLIeHT, 3aBeayiolnas Kadeapoit TpaBMaToMOTUM, opToneauu u BX
OTBOY BO «CeBepHbIN rOCyqapCTBEHHBIN MEAUIIMHCKUIL YHUBEPCUTET»

MwuHn3apasa Poccun,
. ApXaHTe/IbCK
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MMCbMA B PEOAKLUWMIO /LETTERS TO EDITOR

O cTaTtbe «JleueHne NauMeHTa C ATPOreHHbIM NOBPEXAEHUEM
Ny4eBOro HepBa NocJjie 0OCTEOCUHTE3A NNIeYeBOit KOCTHU:

KNMHUYECKUI CaTyqain»

Letter to the Editor Regarding the Article
“Treatment of latrogenic Nerve Injury After Humeral Shaft Fracture

Fixation: A Case Report”

C O0ONbIIMM MHTEPEeCOM $ TPOUYUTAa CTAThIO
«JleueHne maiMeHTa C SITPOTEHHBIM TOBpeXAeHNeM
JIy4eBOTO HepBa IOCc/e OCTeOCHMHTe3a MjieueBoii Koc-
TU: KIMHUYecKuii ciydaii» II.A. Kucenst ¢ coaBTopa-
MM, OMYOJMKOBAHHYIO B KypHaje «TpaBMaToIOTus
u oproneaust Poccun» [1].

C/IOXHO TMpeACTaBUTb TeMy, Kacalwllylocs TIo-
BPEXAEHUSI HEPBHOI CUCTEMbI, KOTOpast 6b1a 6bI 60-
Jiee TIOAXOAsIIel AJjisi TPaBMaToOJOTrO-opToleanyec-
KOTO KypHaJia, YeM HeipoXupypruyeckoro.

IeiicTBUTEIBHO, OAABIISIONIee 6OIbIINHCTBO I10-
BpPEXKIEeHMIT JTy4yeBOrO HepBa SBISIOTCS MO0 ClIe[-
CTBUEM TIPSIMOTO JIefiCTBMS TpaBMaToJiora Ipu OCTe-
OCMHTe3e TIJIeUueBOii MM JIy4eBOI KOCTU WU TIpU
BOCCTAHOBJIEHUIM CYXOXWIUS [BYIJIAaBOI  MBIIIIbI
rieya, JMb60o OHM COMYTCTBYIOT IepejioMy Auadusa
TJIeueBOil KOCTU U TIPOIMYCKAIOTCS MPU KIMHUUECKOM
ocMoOTpe. TO TPUBOAUT TOMY, UTO IMOMOIIb MHaly-
€HTy OKa3bIBaeTCs C CYIIeCTBEHHbIM OMO3JaHMEM.
ITpu 3TOM 3ayYacTyio MalyeHT HaxXOaUT MPOGUIbHO-
TO CIelaJNCTa yKe Ha TeX CPOKax, Ha KOTOPbIX OKa-
3aTh IOMOIIb MOXET Y>Ke TOJIbKO OPTOIIe[l, BHITIOJIHUB
CYXOKUJIbHO-MbIIlIeUHbIe TPAHCTIO3UIIUN.

AHa/lu3 Halllero OfmbITa MOKasal, uYTo cpeau 00-
Jiee yeM 45 MalieHTOB C TaK Ha3bIBA€MOJi BUCSIIE
KUCThIO BCTPETUIOCH TOJIBKO /IBA Mal€HTa, COCTOSI-
HMe KOTOPbIX He SIBJISIOCH C/Ie/ICTBMEM YIIOMSHYThIX
BbIllle OCOOEHHOCTEe) paGoThl TPABMATOJOTOB WJIN
opTomnenoB. B oqHOM ciyyae Ha HepB 1aBUJIO HOBO-
obpasoBaHMe, BO BTOPOM — MMeJI MeCTO TaK Ha3bl-
BaeMblii CMHAPOM (POKa/IbHOV KOHCTPUKIIMM HEpBa.
[MosTomy akTyasu3sainus TeMbl TTOpakeHU JTyuyeBo-
ro HepBa B OpTOIeAMUeCcKOll cpelle OueHb Ba>kHA,
M MBI BbIpakaeM MCKPEHHIO 61arogapHOCTh aBTO-
paM CTaTb¥ 3a MpUBEAEeHHbIN KIMHUYECKUIL IpUMeD.
CTOUT MOJAYEPKHYTh, UTO OH SIBJISIETCSI, K COXKAJI€HUIO,
CKOpee KJIaCCUYeCKMM, UueM PelKMUM.

B cBsI3M C Tem, UTO Ccpenu uuTaTesiei >KypHaia
ecTh obyualolimecs, MpuodpeTarolye KINHUIECKUIA
OTIBIT, B TOM YMCJIe YMTasl CTaTby B pybpuke «Ciyuan
13 MPaKTUKU», OUeHb XOTEJIOCh ObI 3A0CTPUTh MX BHU-
MaHMe Ha HEeKOTOPbIX MOMEHTaX, KOTOpble aBTODHI,

IMoctymmo 07.11.2023. Ony6nmkoBano 15.12.2023.

BO3MOXXHO C BBICOTbI CBOEro OIIbITa, omucaau 6e3
aKIIeHTOB, HO KOTOpPbIe ObLIM ObI MOJE3HBI ST [10-
CTVKEHUSI 3asIBJIEHHOV 1IeJIM JAHHOM MyOeamMKanyy —
«Ha KJIMHUYECKOM IIpMMepe MoKa3aTh IPUUMHBI BO3-
HUKHOBEHUSI, MeTOAbl MPOGUIAKTUKM, OUATHOCTU-
KU U JIeYeHUs SITPOTEHHBIX MOBPEXAEHUI JIyueBOT0
HepBa IIpu lepejioMax IJIe4eBOii KOCTU».

ABTOpamMM [IOCTaTOYHO TIOAPOOHO TMPOAHAIMU-
3UPOBAaHbl BO3MOKHbBIE OMIMOKM TIPU OCTEOCUHTE3E
TJIEYeBOM KOCTU OGJIOKUpPyeMbIM cTepskHeM. C yueTom
TOTO, UTO B Ha3BaHUM CTAThU U B 1[I ObLIO 3asiBiie-
HO pacCMOTpeHMe MTOBPEXIeHNs JIyYeBOrO HepBa IIpu
OCTEOCHHTe3€ IJIeYeBOil KOCTU B LIeJIOM, a He TOIbKO
IIpY MHTPaMeIy/UIIPHOM, TO HEOCTaTOYHO yJeseH-
HOe BHMMaHMe aBTopamMu MoxkeT cOpMUPOBATh JIOK-
HOe BIevyaT/ieHMe y YuTaTessl O Majloil BepOSTHOCTU
MOBPEXIEHNS] APYTMMHU CIIOCO6aMy, HarpuMep Mpu
HaKOCTHOM OCTEOCMHTE3€ MU IMPOCTO MaHUITYIS LU
OTJIOMKaMM TIpU J1I060i perno3uiuu. YIoMUHAHUS
My6IMKaLuii 06 3TOM 6bIJI0 ObI JOCTATOUHO B paMKax
paccMOTpeHMs KIMHUYECKOTo cayvas [2].

Uro KacaeTcs METOLOB IMarHOCTUKY, Mbl COBep-
IIEHHO COIVIACHBI C aBTOPaMM — BBISIBUTD SITPDOTEH-
HYI0O TpaBMaTMUeCcKyl0 HeliponaTuio cpasy nocie
OKOHYaHMSI aHeCTe3UM MPU KIMHUYECKOM OCMOTpe
HeWIOXHO. [Ipy KIMHMYEeCKOM OCMOTPEe aBTOPHI Bbl-
SIBWJIM OTCYTCTBME aKTUBHOTO pas3rubaHus JeBOii
KUCTY U nanbiieB (MO), oTBemeHMs1 GOITBIIOTO MaJlb-
ua (MO0), HapylieHe YyBCTBUTEIbHOCTU 10 HapyX-
HOJ1 NMOBEPXHOCTH JIEBOTO MpeAIIeYbs U KUCTU 110
TUITY aHeCTe3Uu B 00JIaCcTM aBTOHOMHOI MHHEpBa-
1M TTOBEPXHOCTHOI BeTBbIO JiyueBoTO HepBa (SO).
Ha Ham B3I/1s[, OLLEHKM 3TUX IapaMeTpOB MOIJIO
ObI OBITh TOCTATOUYHO MPY a6COMIOTHOI yBepeHHOC-
TU B JIOKJIM3aL UM [TOBPEXIEHMS HAa YPOBHE IIpeJ-
IJIeYbsl, HO He Ijleva. Takke eCTb HEKOTOPBIE IPO-
TUBOPEUNSI, KOTOPbIE MOTYT COUTD C TOJKY MOJIOJbIX
CIIeLaJINCTOB.

Bo-niepBbIX, Ipy ONMCaHMM HEBPOIOTMYECKUX Ha-
PYILIEHMIT TIOJIE3HO OTMEYaThb U pabOTaIONMe MbIIIIIIbI,
M 30HBI KOXHOJ MHHepBalMM, COXpaHMBILME YYB-
CTBUTEJIbHOCTb, YTOOBI MOKHO OBLJIO TIOHSTh, OT KAKO-
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ro MecTa HauMHaeTCsl YypOBeHb MopaskeHus1. B sjaHHOM
cTyyae HEIMOHSTHO, KaKue CTPYKTYpbl He paboTalor,
a Kakye IIPOCTO He MPOBEPSIIUCE.

Bo-BTOpBIX, KaTeropMueckud Ba’kKHO IIPOBEPSTH
(yHKIIMIO TUTEYeNTyueBOii MbIIILBI. I[IOCKOIBKY 3TO
rnepBasi Mblllilla MpefIvieubsi, MHHEPBUpYyeMas Jiyue-
BbIM HEPBOM, 3TO MMeeT Ba)KHOE IMarHOCTUYecKoe
U TaKkTUuyeckoe 3HaueHue. IIpu olleHKe pe3ysnbTaTa
BOCCTaHOBJIEHNS HEPBA, a TAKKe NP BbIOPAHHO BbI-
KUIATEeNbHOI TakKTUKe MMEHHO IO BKIIOYEHUIO WU
HEBKJIIOUeHMI0 (QYHKIMM Ha OIpelesleHHOe BpeMs
MIPUHUMAIOTCS TAaKTUYECKMe perieHus 06 omepaiumn.
BeTBb K mieueslyyeBOil MBIIILE OTXOOUT OT JIy4eBO-
ro HepBa Ha meve. I MMeHHO B cilydyae HelpoInaTuu,
BO3HMKIIIE NPU MHTpPaAMeIy/UIIPHOM OCTEOCUHTE3E,
ee (QYHKUMS MHOTAA MoMoraeT npu auddepeHnamb-
HOJi IMaTHOCTUKEe MeXy TToOpaskeHeM HepBa Ha YPOB-
He AVCTAIbHOTO OJOKMPOBAHMS M KOMITPECCUU €ro
OTIOMKaMM. B ciydasix HeiiporaTuu JTydyeBOro HepBa
ObIBAET MOJIE3HO ITPOBEPUTh TaKKe U (QYHKLMIO TPeX-
[JIaBOV MbIIIbI. CyTIMHAIMS TAKOKEe He OlLleHEeHa.

B-TpeTbux, He oOlleHeHa KOXXHAsi UyBCTBUTENb-
HOCTb JIaTepaIbHOI ITOBEPXHOCTU HUKHEN YaCTH I11e-
Yya (30Ha MHHePBaLMM HUKHETO JIaTepPaJibHOTO HePBa
IJieya — BETBU JIy4eBOTO HepBa); He OlieHeHa KOX-
Hasl YyBCTBUTEIbHOCTDb 3aJHel MOBEPXHOCTU MpPen-
IJieubsl (30Ha MHHEPBALUMM 3aJHETO0 KOXXHOTO HepBa
NpeAIuieubsi — BETBU JIy4€BOTO HepBa) [3]. OueHka
9TUX 30H TaKKe Momia Obl AaTh MHOOpMALMIO AJIS
I depeHIMalTbHOTO IYarH03a YPOBHS ITOPakeHMs.
B maHHOM KAMHMYECKOM cJlyyae 30Ha MHHepBalUuU
3aJHETO KOKHOTO HepBa IPeAIUIeubsl JTO/KHA OblIa
MOCTpafaTb. A BOT HVKHMIA JlaTe€paJbHbI KOXKHBIN
HepB Iuieva A0/DKeH ObUl (QYHKIMOHMPOBATh, HO OH
MOT TIOCTpafaTh B XOZe olepaluy Mo BOCCTAHOBIIe-
HWIO HEPBa, OMHAKO 3TO He ObUIO OLIEHEHO.

BbIIISIAUT CTpaHHBIM BBISIBIEHHOE aBTOpaMM OT-
CYTCTBME UYBCTBUTEIBHOCTM TIO JlaTepajbHON IIO-
BEPXHOCTM MpPeNIieubsi, He MMelolleli OTHOIEeHUS
K JIyueBOMY HepBYy. HecMOTpsi Ha TO, UTO IMOBEPXHOCT-
Has BeTBbJIyUEBOr0 HepBa pacIiojiaraeTcsi HajaTepaib-
HOJi TTIOBEPXHOCTY MPENIIeUbsi, 3Ty 30Hy MHHEPBUPY-
€T JIaTepaJIbHbIM KOXKHBIV HEPB Ipearneuybs — BETBb
MBILIEYHO-KOXKHOTO HepBa. DTO YacTO BCTpevarolasi-
Cs1 aHaTOMMUecKasi ImyTaHuiia. Eciv aBTopbl He OlIN-
6/111Ch, HA3BaB 3aJHIOI0 TIOBEPXHOCTD JIATePATbHOI, TO
STOT BBISIBJIEHHBIV CUMITTOM MOXKHO OOBSICHUTD OIHO-
BpEeMEHHbBIM (C JTy4eBbIM) IOpakeHMeM JiaTepaibHOTO
KOYXHOTO HepBa IpeArieubs 10 TUITY aKCOHOTMe31ca,
KOTOPO€e MOIJIO BIIOCJIEACTBUM BOCCTAHOBUTBHCSI CaMO-
CTOSITENIbHO, UTO, BULMMO, U IPOU30IILIO.

K cuacTbplo, maieHT MOCTYNWI B KIMHUKY C YXKe
BBINOJHEHHBIM Y3U ¢ BepuUIMpOBaHHBIM ITOpake-
HMEM HepBa M yCTaHOBJEHHBIM YPOBHEM (IO Kpaii-
Heil Mepe, ofHMUM). Bce TakTudeckue pelieHns: MOIJIn
NPUMHMMATbhCS Ha OCHOBaHMM OaHHbIX Y3, He mona-
rasicb Ha JlaHHble KIIMHMYECKOTO OCMOTDA.

[Ipu olieHKe AMHAMMKU IOCe olepauuu U pe-
3y/ibTaTa ObUIO ObI KOPPEKTHO, ITOMMMO YKa3aHMUS
BpEMEHU yKe YIIOMSHYTOrO BK/IIOUeHMs Tieveryue-
BOJ MBINIIbI, TAKXKE OLEHUTH Pa3Ide/IbHO JIOKTEBOI
" Ty4eBble pa3rubaTeny 3anscThs. M BasKHO HAMICaTh
OIIeHKY Haubosiee IVCTAIbHOM U3 OBUTATETbHbIX BET-
Beil — BeTBM K pasrubarenio 2-ro mnanbia. Hamnune
(YHKIMYM 3TOV MBIIIIBI BMECTe C BOCCTAHOBIEHMEM
YYBCTBUTEIbHOCTY TTOBEPXHOCTHOI BETBU JIy4€BOIO
HepBa CTaBUT TOUKY B OlleHKe pe3y/ibTaTa HeBpaJib-
HOM YaCTu PEeKOHCTPYKIUU (PYHKIUM PYKU MPU II0-
pakeHUM Ty4eBOro HepBa. [Tpyuem GyHKIVS MbIIIIIBI
Ba)KHee, TaK KaK YyBCTBUTEIbHOCTb MOXKET YaCTUYHO
BOCCTaHaB/IMBAThCS 3a CUET IlepekpecTHOV MHHEePBa-
MM OT Apyrux HEPBOB. CTOUT OTMETUTh, YTO HENPO-
(busmonor mpoBepws1 M-BOJIHY Ha JAHHOV MBIIIIE U
OLIEHWJI ee KaK HU3KOaMIUIUTYIHYIO C YBeIMYeHHOM!
XpOHOOMICIEPCHUETL.

K cj10By 0 4aCTMUYHOM BOCCTAHOBJIEHUM UYBCTBU-
TEJIbHOCTH: ObUIO ObI ITOJE3HBIM MJIS ITyOIMKALU
607ee OOBEKTMBHO OILIEHUTb BOCCTAHOBJIEHME UYB-
CTBUTEIBHOCTH, XOTS OBl OUCKPUMMWHAIMOHHBIM
TECTOM ¥, KOHEYHO, yKasaTb [pPyrue UYyBCTBUTENb-
Hble BETBM JIy4eBOrO HepBa, KpoMe TepMMHaJIbHOM
(TIOBEpXHOCTHO).

IIpn olleHKe BOCCTAHOBJIEHMSI [OBUTATEIbHOI
dyHKIIMM yKa3aHo, uTo 1-Ji maser pasrubaeTcst He Ha
MOJIHYI0 aMIUIMTYAYy — AaHa oieHka Mm3—M4. O1eHKa
cuiibl 1o 1mKasie MRC Ha KucTy GbIBaeT CJI0XKHOI, Of-
HaKO HEBO3MOKHOCTb OCYILECTBUTH MMOJHYI0 aMILIN-
TYLy ABVOKEHUI, HaBepHOe, CTOUT OLleHMBATh KakK
MeHblIee, yeM M3 [4]. DTO MMeeT TaKTU4YeCcKoe 3Haue-
HMe, TaK KaK B 3TOM CJTyyae eCTb ITOKa3aHMSI K BbITION-
HEHMIO PEKOHCTPYKTUMBHOTO BMeIllaTe/IbCTBa.

JKasib, UTO B cTaThe MaJio BHUMAaHMUS yeJIeHO OTN-
CaHMIO OpTOIeaNYeCcKOol yacTu. [Ijs unrarenein aTo-
'O JKypHaJia 6b110 ObI TIOGOIBITHO ITPOUYUTATH pa3bop
TaKTUUYECKOTO pellleHMs] CMeHbl TUIla OCTEeOCHHTe-
3a. [lo onmcaHuio, NpMBeJeHHOMY aBTOpamu, Mpu-
3HAKOB (POpPMMPOBaHMS JIOXKHOTO CyCTaBa He ObLIO.
[Tpy 3TOM 3aMeHa CTeP>KHSI Ha 60J1ee IJIMHHBIN IT03BO-
yua 661 MeHbIle TPaBMMPOBATh KOCTHYIO MO30Jb,
MeHbIIle HapylIaTh IOKAJIbHOE KPOBOCHAOXKeHME, HO,
IJlaBHOEe, 30Ha HeBpaJbHBIX TPaHCIJIAHTATOB OCTa-
Jlach ObI Ha OOJIbIIEM PACCTOSIHMM OT METaJJIOKOH-
cTpykuyu. I[Io cOGCTBEHHOMY OIIBITY MOTY CKa3aTh,
YTO B C/Tyyae IOBTOPHBIX BMeIIaTeNbCTB HeBpaJibHbIe
TpaHCIUIAHTAThl ObIBAET CJIOKHO AuddepeHINpO-
BaTh B pyOIIaxX, 0COOEHHO BOJIM3Y METATIOKOHCTPYK-
MY, KpOMe TOTO, OHM OOJIbIlle, UeM 3I0POBbIVi HEPB,
MoABep>KeHbl TpaBMaTU3alMy TPU BbIAETEHUU U3
pyOILI0B. DTO OHA U3 MPUUKH, IT0 KOTOPOI OIMMCAH-
HbIV KJIAMHUYECKUI C/Iy4yai CJI0XXHO CUMTATh 3aBep-
nieHHbIM. [TOCKOJIBKY HET JaHHBIX O KOHCOMUIAIUN
repeyioMa, HeT ¥ YBEPEHHOCTH B OTCYTCTBUU HEOO-
XOJMMOCTU ITOBTOPHOTO BMeIllaTeIbCTBa B 3TOI 30He
C PUCKOM BHOBb ITOBPEIUTb HEPB.
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U BTOpOE — pasrubaHye GOJBIIOrO Maablla He J10-
ctUrHyTo. [IpyHMMast BO BHMMAaHME, UTO CTAThsI OIy-
OGJIMKOBaHA B TPaBMAaTOJIOIO-OPTOIEANYECKOM KYpP-
HaJie, CTOMUT YIOMSIHYTb, YTO 3Ta IPo06eMa MOKET
U NO/DKHA OBITh pellleHa IyTeM OpPTOIeINIecKOoii pe-
KOHCTPYKIMHU. B TaHHOM KJIMHMYECKOM HaOI0geHUM
BO3MOXHO JTOCTVKEHME TIOTHOM (PYHKUMU KUCTU U
KOHCOMMAAnuu mmepeaomMa 1eueBoit koctu. Ilocme mx
KOHCTaTaLMU 1eJIb IT0Ka3aTh METObI JIEUEHUS SITPO-
TeHHbBIX ITOPakeHUi1 JIyUeBOr0 HepBa Py fepeioMax
IJIEYEBO KOCTU MOXKHO ObIIO ObI CUUTATD AOCTUTHY-
TOJ B IOJIHO Mepe.

B 3akiroueHme ele pas XoTea0Ch 6bI OTMETUTD aK-
TYaJIbHOCTb T€MbI, BRIOPAHHO aBTOpaMu, 1 Io6J1aro-

IapuUTh KOJ/UIEKTUB 3a IpefCTaBlieHHOe MHTepeCHOe
" TIOyYUTENbHOE KIMHMYeCKoe HabmoaeHne. iMeHHO
TaKOM KJIaCCUMYeCKUI CJIydail OUeHb MoJie3€eH MJIsl YM-
TaTeNeil Halei crenuanbHoctu. OTHenbHas 6j1aro-
IApHOCTh aBTOPAaM 3a KpaiiHe MOJIe3HbI TeopeTuye-
cKkuit pas6bop B pasneie «O6CYKIeHME» C OMMCAHMEM
CBOEro aJIrOpUTMa MPUHSATHS pPellleHii TIpU BhIsiBJle-
HUY TIOPaskeHMsI Ty4eBOro HepBa. XOTeI0Ch Obl TONb-
KO J100aBUTH COOCTBEHHOE CYOBEKTMBHOE MHEHMe:
MMOCKOJbKY Y3U — omepaTtop-3aBUCUMBIIT METO[, TPU
BO3MOKHOCTM PEBU3MM B IePBble CYTKM MOKHO TpU-
6erHYTh K aKTMBHOI TaKTMKe, aske eCIM B 3aKIT0Ue-
HMM Bpada, BbIMOMHSBIIEro Y3, OTCYTCTBYIOT IIPU3-
HaKy repepbiBa HepBa.
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