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Abstract

Periprosthetic joint infection (PJI) remains one of the most serious complications in
modern orthopedic practice, particularly after knee arthroplasty. The incidence of PJI
ranges from 0.5-2.0% after primary knee arthroplasty and up to 22% after revision
procedures. In Kazakhstan, 403 cases of PJI involving large joints were officially
registered in 2023.

Objective. This study aims to evaluate the clinical outcomes of articulating and static
(non-articulating) cement spacers used during the first stage of two-stage revision knee
arthroplasty for PJI.

Methods. For a randomized study, 20 patients were selected, divided into 2 groups of 10
people. The first group received an articulating cement spacer in the knee joint, while the
second group received a non-articulating (static) cement spacer. Both groups included 8
women and 2 men. Median age was 64 years (IQR: 57-69) in the articulating spacer group
and 62 years (IQR: 56.5-67) in the non-articulating group. Clinical and radiological
evaluations were conducted 12 months postoperatively.

Results. Our study found no significant differences in baseline characteristics, hospital
stay, or duration of surgery. Functional outcomes were significantly better in the
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articulating group based on Knee Society Score (knee: 82 vs. 38.2; function: 70 vs. 35; p<
0.001) and Oxford Knee Score (35 vs. 25; p = 0.0014). Radiographic analysis showed
cement-bone lucency in 100% of non-articulating spacers and 40% of articulating spacers
(p=0.0034). At 12 months, PJI recurrence was 20% in both groups.

Conclusions. Articulating spacers offer functional advantages over static ones,
particularly in delayed reimplantation, by preserving mobility and improving interim

quality of life.

Keywords: cement spacer, articulating spacer, non-articulating spacer, periprosthetic

joint infection.

1. Introduction

One of the main problems of modern orthopedics
is the development of peri-implant infection. Among all
peri-implant infections, periprosthetic joint infection of
large joints occupies a special place [1]. According to
world statistics, periprosthetic joint infection (PJI) after
primary total knee arthroplasty (TKA) varies from 0.5
to 2.0%, and after revision arthroplasty from 0.95-22%
[2]. According to the statistical digest on the provision
of traumatological and orthopedic care to the
population in the Republic of Kazakhstan in 2023, 403
cases of periprosthetic infection of large joints were
officially registered [3].

Two-stage revision is the gold standard for the
treatment of periprosthetic infection and, at the first
stage, consists of complete removal of the
endoprosthesis components, thorough debridement
with removal of infected soft and bone tissues,
sanitation of the knee joint cavity with antiseptic
solutions and installation of a cement spacer with an
antibiotic. At the second stage, once the infection has
been fully eradicated, revision arthroplasty is
recommended. This involves removal of the cement
spacer and implantation of a revision endoprosthesis
[4].

There are two main types of cement spacers -
articulating (dynamic) and non-articulating (static). The

2. Materials and Methods

The study was conducted at the National Scientific
Center of Traumatology and Orthopedics named after
academician N.D. Batpenov in Astana. Patients were
divided into 2 groups of 10 patients each. All patients
signed informed consent for treatment, surgery, data
collection and publication of data.

The study was conducted at the National Scientific
Center of Traumatology and Orthopedics named after
academician N.D. Batpenov in Astana. Patients were

fundamental difference between these two types of
spacers is that when using an articulating spacer, it is
possible to maintain movements in the knee joint, and
when installing a non-articulating spacer, the knee joint
remains in a position of full extension [5]. Both methods
are widely used both in world practice and in the
Republic of Kazakhstan.

Each of the two methods has certain advantages
and disadvantages. Thus, an articulating spacer allows
you to maintain the range of motion in the knee joint
and is more comfortable for the patient, but due to the
preservation of metal and polymer components, it may
be associated with a higher risk of re-infection [6]. A
non-articulated spacer, in turn, does not prolong the
surgical intervention, does not contain metal and
polymer components in its structure that come into
contact with tissues, but at the same time the range of
motion in the knee joint is completely lost, and can limit
the axial load on the limb [7].

The purpose of this study is to evaluate the clinical
outcomes of using an articulated and non-articulated
cement spacer in the first stage of treatment of
periprosthetic infection.

divided into 2 groups of 10 patients each. All patients
signed informed consent for treatment, surgery, data
collection and publication of data.

Patients were included in the study according to
the following criteria:

- Patients with an established diagnosis of
periprosthetic infection of the knee joint, requiring
surgical treatment;

- Patient age from 45 to 79 years;
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- Patients' consent to participate in the study.

The exclusion criteria were as follows:

- Patients with an established diagnosis of
periprosthetic infection of the knee joint, refusing
surgical treatment or undergoing a course of
conservative therapy;

- Patient age under 45 and over 79 years;

- Hemiparesis on the side of the proposed
operation;

- Neoplasms of other localizations with or without
metastases;

- Patient's refusal from the study.

In the first group, 10 patients underwent surgical
volume  of

intervention in the arthrotomy,

endoprosthesis removal, revision, sanitation,
installation of an articulating cement spacer with an
antibiotic of the knee joint. In the second group, patients
underwent surgical intervention in the volume of
arthrotomy, endoprosthesis removal, revision,
sanitation, installation of a non-articulating cement
spacer with an antibiotic of the knee joint.

When assessing the groups by gender, age,
concomitant diseases, the number of previous revision
surgeries, no differences were found between the
groups.

Evaluation of clinical efficacy between the groups

was carried out according to the following indicators:

the number of hospital beds; the number of bed days
spent in the intensive care unit; the duration of the
operation; assessment of knee joint function,
radiographic stability, the number of relapses of cases
of periprosthetic infection. Control evaluation of the
results was carried out 12 months after the operation.
Knee joint function was assessed using the Knee Society
Score scale (KSS) and the Oxford Knee Score
questionnaire (OKS). Radiographic evaluation of the
appearance of radiolucent lines at the cement/bone
interface of the endoprosthesis was performed using
the Modern Knee Society Radiographic Evaluation
System.

The surgical technique of arthrotomy,
endoprosthesis removal, revision, debridement, and
installation of a cement spacer with an antibiotic in the
knee joint included the following steps: An incision was
made along the old postoperative scar; the scar was
excised if necessary. Then, medial arthrotomy of the
knee joint was performed, bending around the patella
(Figure 1). Resection of scar adhesions was performed
and the patella was mobilized. Then, the
endoprosthesis components were removed one by one
and thorough tissue debridement was performed
(Figure 2). The joint cavity was abundantly washed
with antiseptic solutions and exposed to povidone-
iodine solution for 5 minutes.

=

Figure 2 — View of the knee joint after debridement
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Further, the technique differed depending on the
type of spacer. When installing an articulating spacer,
after exposure, the trial femoral components and liner
were installed (Figure 3). The liner was additionally
reinforced with a rod and covered with bone cement.

After installing the reinforced liner, the femoral
component was installed. Then the range of motion and
stability of the knee joint were checked. The wound was
sutured layer by layer and drained.

Figure 3 — Installed articulating cement spacer of the knee joint

When installing a non-articulated cement spacer,
bone cement with an antibiotic was prepared after
exposure and installed in the knee joint cavity (Figure
4). The knee joint was in a position of full extension and
traction. After polymerization of the bone cement, the

All data were recorded and processed using
Microsoft Excel from the Microsoft Office 2019 package
and Statistica 13.0 software for statistical analysis
developed by Statsoft. Statistical processing of the
obtained data was carried out using the nonparametric

3. Results

There were 8 women (80%) and 2 men (20%) in
each group. The median age of patients was 64 years
(Q25-Q75; 57-69) in the first group and 62 years (Q25-
Q75; 56.5-67) in the second group. The median number
of previous revisions in the first group was 1 (Q25-Q75;
1- 2), in the second group 2 (Q25-Q75; 1.5-2). There were
no statistically significant differences between the

stability of the knee joint was assessed. The wound was
sutured layer by layer and drained. The knee joint was
fixed with a bandage.

‘ ‘m.ﬁ i

Figure 4 — Installed articulating cement spacer of the knee joint

Mann-Whitney criterion for quantitative data and the
parametric Pearson’s criterion X2 (chi-squared) for
qualitative data. Differences between the groups were
considered significant at p<0.05 [8].

groups for the presented criteria. When comparing in
the articulating spacer group, the median hospital stay
of patients was 18 days (Q25-Q75; 16 - 23). In the non-
articulated spacer group, the median was 18 days (Q25-
Q75; 15 - 23) (p = 0.56).
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The median number of days in the intensive care
unit for the first group was 1 day (Q25-Q75; 0-1), for the
second group also 1 day (Q25-Q75; 1-1), (p = 0.42).

The median duration of surgery in the first group
was 120 minutes (Q25 - Q75; 116.25 - 128.75), in the
second group 117.5 minutes (Q25-75; 111.25-120) (p =
0.25). Evaluation of knee joint function using the Knee
Society Score scale showed a median number of knee
points in the articulating spacer group of 82 points (Q25
- Q75; 69.75 - 83), in the non-articulating spacer group
38.2 points (Q25-Q75; 32.25-41) (p = 0.00015). The
median number of functional points in the first group
was 70 points (Q25 - Q75; 62.5 - 80), in the control group
35 points (Q25-Q75; 30 - 40) (p = 0.00055). When
assessing according to the Oxford Knee Score scale, the
median score in the first group was 35 points (Q25-Q75;
30-40), in the second group 25 points (Q25-Q75; 21-25)
(p=0.0014).

4. Discussion

The choice between articulating and static cement
spacers in two-stage revision total knee arthroplasty for
periprosthetic joint infection remains a topic of debate.
Numerous studies have highlighted the clinical
advantages and disadvantages of each type.

Articulating spacers offer superior postoperative
range of motion (ROM), better functional outcomes,
and improved patient satisfaction. According to
Nahhas et al., patients treated with articulating spacers
demonstrated significantly higher Knee Society Scores
and faster recovery of knee mobility after
reimplantation compared to those with static spacers
[9].

Similar findings were confirmed by Warwick et al.,
who observed a reduced need for quadriceps release
and easier exposure at second-stage surgery [6].

However, articulating spacers are associated with
increased complexity in fabrication and may carry a
higher risk of spacer dislocation or instability,
especially in cases with poor soft tissue or severe bone
loss. Additionally, certain designs (e.g., metal-on-poly
articulating spacers) may induce more wear debris,
though clinical significance remains unclear [9].

4. Conclusions

In this comparative study, the use of an

articulating  antibiotic-loaded = cement  spacer
demonstrated clear functional advantages over the
static design. The articulating spacer preserved weight-

bearing capacity and range of motion in the knee joint,

When assessing the radiographic stability of the
spacer components in the non-articulated spacer group,
radiographic clear lines were found at the cement/bone
interface in all cases (100%). This radiographic picture
indicates the presence of mobility between the bone
cement and bone, indicating the moment of lack of
complete fixation of the non-articulated cement spacer
in the bed. In the articulating spacer group, 4 cases
(40%) of radiographic clear lines at the cement/bone
interface were detected. In this case, a statistically
significant difference was revealed between the groups
(x2 =8.57;, p = 0.0034). At 12 months postoperatively,
there were 2 cases (20%) of periprosthetic infection in
the articulating spacer group, and 2 cases of recurrent
periprosthetic infection (20%) in the non-articulating
spacer group.

Static (non-articulating) spacers, on the other hand,
provide superior joint stability and are generally
preferred in cases of severe bone defects, ligament
insufficiency, or extensor mechanism disruption. They
are simpler to construct and offer strong local antibiotic
delivery due to their bulk cement volume.
Nevertheless, several studies report inferior functional
results and limited postoperative ROM. For example,
Mian et al. observed increased stiffness and longer
rehabilitation periods in patients receiving static
spacers [10].

The infection eradication rates between the two
types remain comparable across most studies, with
success rates ranging from 85-95% for both designs.
However, as shown in the meta-analysis by Voleti et al.,
articulating spacers may result in fewer manipulations
under anesthesia and improved long-term joint
function [11].

Limitations of current evidence include
heterogeneity in spacer design, surgical technique, and
follow-up duration. More randomized controlled trials
are required to determine the ideal spacer selection
based on individual patient characteristics and

infection severity.

resulting in superior functional outcomes. Furthermore,
its use may offer additional benefits in cases where
prolonged delay before second-stage reimplantation is
required, maintaining joint mobility and improving
patient quality of life during the interim period.
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Ti3e OybIHBIHBIH IpOTe3MaHbl MHQDEKIVSICHIH eMAeyAiH OipiHIli Ke3eHiHae
apTUKY AALMAABIK JK9He OYBIHCHI3 IIEMEHT apaabIKTapAbl KOAAAHYABIH KAVHNKAABIK
HOTIMKeAepPiH caabIlCThIpMaAbl Oarasay

Baarasapos C.C. 1, beaoko0sra08 A.A. 2, Pamasanos XK.K. 3, Aonaos P.C. 4 Mopoinag A.B. 5,

Atenmmaesa A.M. ¢, Kpukauspiit A.A. 7, Aapxanos E.E. 8

! AupeKTopAbIH KAMHUKAABIK, KYMBIC >KeHiHaeri oppiaOacapsl, Akagemuk H./. batrieHos aTbiHAQFbI TPAaBMATOAOTHS
JK9He OPTOIeANs YATTHIK FhLABIMM OpTaablFbl, Actana, Kasaxcran
2 Ne4 oproneaus Oeaiminig MeHrepymici, Akagemux H./.baTnieHoB aTbIHAAFbI TPaBMaTOAOTNS XKoHE OPTOIeANs YATTBIK
FBLABIMU OpTaAbIFbl, Actana, Kaszakcran
3 No4 TpaBmaroaorus GeaiMineciniy opTonea-TpaBMaToaorsl, Akagemnk H./.baTrieHOB aTBIHAAFBI TPaBMaTOAOTVLS JKoHE
oproneAus YATTHIK FBLABIMU OpTaAbirbl, ActaHa, Kaszakcran
4 No4 TpaBmaToa0rms 6eaiminig MeHrepymrici, Akagemuk H./l.baTrieHOB aTBIHAAQFEI TPABMaTOAOIS JKoHe OPTOIeAV YATTHIK,
FBLABIMM OpTaAblFel, Acrana, Kasaxcran
5 Ne4 TpaBmaToaorus 6eaiMIneciHig TpasMaToA0r g9pirepi, Akagemuk H./.baTrieHoB aThIHAaFBI TPaBMaTOAOIS SKOHE OPTOIIeAVIS
YATTBHIK FRLABIMU OpTaAblrbl, Acrana, Kasakcran
¢ No4 TpaBmaToaorus 6eaiMIneciHig TpasMaToAaor g9pirepi, Akagemuk H./.baTrieHoB aThIHAaFB TPaBMaTOAOIVS SKOHE OPTOIIeAVLS
YATTBHIK FRLABIMU OpTaAblrbl, Actana, Kasakcran
7 No4 TpasmaToa0rus OeAiMIleciHiH TpaBMaToaor gapirepi, Akagemuk H./.baTrieHoB aTbIHAaF! TPaBMaTOAOIS JKOHE OPTOIIeAVL
YATTBIK FRLABIMU OpTaAbIFbl, Acrana, Kasakcran

8 PhD-goxropant, Kaparanasr meaniiza yausepcureti, Kaparanarr, Kasaxcran

Tyiingeme

Tise OyomHbIHBIH npoTesmansl uHpekmusacer (IIMM) kasipri opromeamsasik ToxXipmOede, ocipece Tise
OyBIHAQPBIH IIPOTE3JeyAeH KelliH eH ayblp acKblHyaAapAblH Oipi 6oasin Kaaa Oepeai. IIMI >xumiairi Tise OybIHBIHBIH
DacTanKbl apTporiaacTuKacekiHaH KeitiH 0,5-TeH 2,0%-Fa aeliiH >KoHe KaiiTa Kapay IIpoIiedypalapblHaH KeliiH 22%-Fa
Aeriin aysITkuasl. Kasaxcranaa 2023 >xprasl ipi 6ysinaapast kamtuteiH 403 TIMU sxaraaiisl pecMu TypAe TipKeAreH.

bya seprrey IIMM vymiiH eki caTbiAbl pPeBU3UAABIK Ti3e apTPOIAaCTMKACBIHBIH OipiHINi KeseHiHAe
apTUKYASLUAABIK >K9HEe CTaTMKaABIK (OYBIHCBI3, apTUKyASALMAABIK eMecC) IleMeHT Ccllelicepaepai KOAAaHYABIH
KAMHUKAaABIK, HOTUKeAepiH OarasayFa OaFbITTaAFaH.

Oaicrepi. PanagoMuzalmsaaHFaH 3epTTeyre oapkaiiceicel 10 agaMHaH TypaThiH 2 TomnKa OeaiHreH OGapabirel 20
HayKac TaHAaAAbL. BipiHIli TonTars HayKacTapAblH Tise OyBIHBIHA apTUKYASIUMAABIK IIEMEHT cIleicep, aA eKiHIII TOIKa
Ti3e OyBIHBIHA CTAaTMKAABIK IIEMEHT cIlelicep opHaThAABL. Exi TomTa 8 aitea >xoHe 2 ep agam 6044Bl. APTUKYAAIIUAABIK,
criperizep TOOBIHAA OpTalla >Kac 64 >KacTHl (KBapTMAbapaAblK AMariasoH: 57-69) skoHe OyBIHCBHI3 criacep TOOBIHAA 62
>KacThl (KBapTUAbapaaAblK AManasoH: 56,5-67) KypaAbl. EMHIH HoTIKeAepiH KAMHMKAABIK, JKoHe peHTTeHOrpaUAABIK
Oarazay oTagaH 12 aif ©TKeHHeH KeliliH XXyprisiaai.

Hatmxeaepi. Herisri cumarramasapda caablCTBIpFaHAa, aypyXaHaja OTKi3TeH yaKbIT HeMece OTaHBIH
Y3aKTBIFBIHAQ aliTapABIKTall allblpMallbIABIKTap TabblaMaAbl. PyHKIMOHaAABIK HoTiDKedep Knee Society Index
OorrpiHIIa (Tize: 82 (38,2-re Kapcer); pyHkmyst: 70 (35-ke Kapcsr); p <0,001) >xeHe Oxcdopa Tise nHAeKci OoribiHIIa (35
(25-xke kapce); p=0,001), HeriziHAeri apTUKyASUUAABIK CIlelicep TOOBIHAA aMTapAbIKTail >KaKChl 0OAABL

Pentrenorpadpmsaasik  Taagay 100% Skargaiiga  apTMKYASLUAABIK eMec crelicepae >koHe 40% >Karsaiiga
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apTUKyAANUAABIK criericepae (p = 0,0034) meMenrt/cyiiek arapysiH KepceTti. 12 arigan keitin [IMI xarirasaHys! exi
tonTa Aa 20% Kypa4pL

KopBITBIHABL. APTUKYASAOUAABIK, crieiicepAiH (YHKIIMOHAAABIK apTHIKIIBLABIFE CTaTMKaABIKTapFa KaparaHJaa,
acipece KeIIiKTipiareH peuMIIAaHTaIMAAd, YTKBIPABIKTBI caKTayJa >KoHe yaKbITIIa ©Mip camnachlH >KakcapTyaa
Dalikaaaapbl.

TyitiH ce3aep: 11leMeHTTIK crielicep, apTUKYASLMAABIK CIielicep, OyBIHCHI3 cIlelicep, IIpoTe3MaHbl MH(PEKIVACH.

CpaBHuTeAbHAsI OLleHKa KAMHIMYECKMX Pe3yabTaTOB IPYMMEHeHMsI ap TUKY AMPYIOIIX U
HeapTHKYAVPYIONVX IIeMeHTHBIX CIeliCepOB IIpY IIepBOM dTalle Aed4eHNsI IepuIIpoTe3HOMN
mH}eKI KOAeHHOTIO CycTaBa

baarasapos C.C. !, beaoko6s1a08 A.A. 2, Pamaszanos X.K. 3, A6uaos P.C. 4, Mopomrad A.B. 5,

Atenmnaesa A.M. ¢, Kpukauspiit A.A. 7, Aabxanos E.E. 8

1 3amecTuTEAb AUPEKTOPA 10 KAMHIYECKOI paboTe, HarioHaAbHbI HAyYHBIN LIEHTP TPpaBMaTOAOTMI M OPTOIIeAUN
umMenu akagemunka H./. barrenosa, Acrana, Kazaxcran
2 3aBeayromuii oraeaenneM Oproreann No4, HarjnoHaAbHBI HayYHBIN IIEHTP TPaBMaTOAOIMY U OPTOIIe AV
umenu akagemunka H.J. barnienosa, Acrana, Kazaxcrau
3 TpaBmaroaor-oprories oraeaenus TpasmaToaorun Ne 4, HarjyonaabHblil HayYHBIN LIEHTP TPpaBMaTOAOIMY M OPTOIIeAV IMEHU
akagemnka H./. barnenosa, Acrana, Kazaxcran
4 3aBeayIoIIMi OTAeAeHMeM TpaMaToaoruu Nod HaimonaabHOTo HaydHOTO 1eHTpa TpaBMaTOAOTUI 11 OPTOIIeANY MMeH!U
akagemnka H./. barnenosa, Acrana, Kazaxcran
5> TpaBmaroaor orgeaenus TpasmaToaorun Ne 4, HaronaabHbI HaydHBIN 1IEHTP TpaBMaTOAOTUI ¥ OPTOeAUI IMEeHM
akagemnka H./. barnenosa, Acrana, Kazaxcran
¢ TpaBmaroaor orgeaenus TpasmaToaorun Ne 4, HaroHaabHbI HaydHBIN 1IEHTP TPaBMaTOAOTUY M OPTONeAU IMeHM
akagemnka H.J. barnenosa, Acrana, Kazaxcrau
7 Tpasmaroaor oraeaenus TpasmaTtoaornu No4, HarnmonaabHbIl HaydHBI 1IEHTP TPaBMaTOAOTMH ¥ OPTONeANN MMeH!
akagemnka H.J. barnenosa, Acrana, Kazaxcrau

8 PhD goxropant, Kaparananuckmit MmeannmHckuit yausepcuret, Kaparangaa, Kasaxcran

Pesiome

INepunporesnas undexnusa (ITIIM) ocraercst OAHMM U3 CaMBIX CEPBE3HBIX OCAOKHEHUII B COBPEMEHHOII
OPTOITeAMYECKOI IpaKTUKe, 0COOEHHO I10CAe BHAOMPOTe3NpOoBaHNsI KoAeHHOro cycrasa. Yacrora 1IN cocraBaser ot
0,5 20 2,0% mocae nepBUYHOTO YHAOIIPOTE3UPOBAHMS KOAEHHOIO CyCTaBa U 40 22% mocAe peBU3MOHHEIX ITpoieayp. B
Kazaxcrane B 2023 roay odpunnaasHo saperncrpuposano 403 caygas [1I1V], saTparnsaromniyux KpymnHbIe CycTaBbl.

Ileap mccaesoBaHMA: OLIEHUTh KAMHMYECKME pe3yAbTaTbl NPUMEHEHMSI apTUKYAMPYIOIIMX M CTaTUYecKUX
(HeapTHKYAMPYIOIINX) [IEMEHTHBIX CIIelicepOB Ha IIepBOM 9Talle AByX®TAITHOIO PeBU3MOHHOTO HSHAOIPOTE3UPOBaHNs
KOAeHHOTO cycTapa mpu TV

Mertoapl. B pangomusuposanHoe uccaejoBanme ObLAM BKAIOYeHbI 20 MMaleHTos, pa3jeAeHHBIX Ha 2 IPYHIILL 110
10 yeaosex. B mepsoit rpynme nmamueHTaMm OblA YCTaHOBAEH apTUKYAMPYIOIINMII IIeMEHTHBIN CIeiicep KOJeHHOTO

CycTaBa, BO BTOPOII — HeapTUKYAMPYIOIINII IleMeHTHBIN crelicep KOAeHHOro cycrasa. B oGeux rpymmax Oprao 8
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SKeHIIMH ¥ 2 MYXuMH. MeauaHHBII BO3pacT cocTaBua 64 roga (MeXKBapTMALHBINM pasMax: 57-69) B rpymme c
apTUKyAUPYIOIIero crelicepa 1 62 roga (MeXXKBapTUABHBIN pasMax: 56,5-67) B rpyIinie HeapTUKYAMPYIOIIEro crelicepa.
Kaunnyeckas u peHTreHoAornyecKkas OlleHKa pe3yAbTaToOB XMPYPTHMUEeCKOro BMelllaTeAbCTBa IIpoBoAuAach yepes 12
Mecs1ieB I1ocAe oIeparnum.

PesyapraTsl. B pesyapraTe Hamlero nccaeaosaHus He 65110 OOHapY>KeHO CyIIIeCTBeHHBIX Pa3ANYNI B ICXOAHBIX
XapaKTepUCTUKaX, IpeObrBaHny B OOABHMIIE MAM MPOAOAKMUTeAbHOCTM omepaiiyuy. OyHKIIMOHAAbHBIE Pe3yAbTaThl
OBLAY 3HAYNTEABHO Ay4llle B IPYIIIe C apTUKYAUPYIOIIMH CIlelicepaMu Ha ocHOBe nHJeKkca Knee Society (koaeno: 82
npotus 38,2; ¢yskuma: 70 mportus 35, p<0,001) m wmugexkca Oxford Knee (35 mporus 25, p = 0,0014).
Penrtrenorpadguyeckuii aHaAM3 IIOKasaA IIpOCBeTAeHMe IieMeHTa/Kocty B 100% caydaes ¢ HeapTUKYAMPYIOIIUMU
criericepamu u B 40% caydaes ¢ apTukyasumoHHpIMU crericepamu (p=0,0034). Uepes 12 mecsies peumans TN
cocrasna 20% B 0Oemx rpyImax.

BriBOABL. ApTUKYAMPYIOLIE CIIeViCePBl AeMOHCTPUPYIOT (PYHKIIMOHAAbHBIE IIPEMMYIIeCTBa 10 CPaBHEHUIO CO
CTaTMYeCKMMI, OCOOEHHO IpU OTCPOYEHHOl peuMIIAaHTalluM, COXpaHssd IOABVIKHOCTD M yAydIllas BpeMeHHoe
Ka4ecTBO JKU3HI.

KarodeBble ca0Ba: ILIeMEHTHBIN CIIelicep, apTUKYAMPYIOLIMIA CIlelicep, HeapTUKyAMPYIOIINUIA CcIlelicep,

InmepuIripoTe3sHast I/IHCI)eKLU/I}I.
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Abstract

The left ventricular systolic function is significant in defining the management of cardiac
conditions. Lately measurement of myocardial strain is studied as a tool which
characterizes LV function better and carries prognostic utility.

This paper aims at reviewing the myocardial strain concept and how it might be useful
in evaluating the patient with polytrauma cardiac injury. The myocardial muscle
undergoes specific rotation in different compartments during different stages of
contraction-relaxation. Generally, the apex and the base of the heart move in opposite
directions.

There are different parameters which can be measured to describe and quantify heart
function such as SV, EF, CO, strain. Several studies report the normal value of myocardial
strain to be around -20. The movement of myocardial tissue during the heat cycle allows
measurement of myocardial strain, which is an index of deformation. The change in
value of strain correlates with different cardiac conditions. The strain can be measured
using different diagnostic tools, each of which has its unique utilities. The myocardial
strain value is dependent on multiple factors such as age, sex, location. Moreover,
researchers often claim integrability to be a major barrier to introduction of strain
measurements to protocols. However, there are measures taken to standardize the
procedure. Patients who have polytrauma with cardiac involvement have a range of
structural changes, which makes possible the measurement of strain. It has a potential to
predict future long-term complications.

Keywords: myocardial strain; deformation;
Cardiovascular Magnetic Resonance.

myocardial echocardiography;
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1. Introduction

The evaluation of systolic function of the left
ventricle is a crucial characteristic which defines the
clinical management and patient prognosis [1,2]. The
functional defect of the heart muscle may present in
changes of blood filling or ejection, therefore causing
different clinical presentations of the condition.
Currently, in clinical settings the assessment of LV
systolic function is done by measurement of ejection
fraction (EF). Moreover, one of the classifications of
heart failure is based on LVEF. Lately the LVEF is
criticized more as it does not describe cardiac action and
does not provide the difference between the healthy
patients and patients with preserved ejection fraction
(HFpEF). Assessment of myocardial deformation
(strain) is a promising tool aiding improved
characterization of patients [3]. The technical progress
and different instrumental investigations allow
evaluation of the myocardial function at whole and at
specific regions in different cardiac conditions [1].

The cardiac injury incidence in patients with
polytrauma is poorly studied as there is a range of
clinical presentations depending on structure damage

2. Methodology

To prepare this review article, a comprehensive
literature search was conducted to explore the topic of
myocardial strain and myocardial deformation
assessment using echocardiography and cardiovascular
magnetic resonance (CMR). The search included
publications indexed in PubMed, Google Scholar, and
Elibrary databases. Combinations of keywords such as
“myocardial strain”, “myocardial deformation”,
“echocardiography”, and “cardiovascular magnetic
resonance (CMR)” were used.

Inclusion criteria were: original research articles,
review articles, meta-analyses, and clinical guideline

3. Cardiac cycle and mechanics

The cardiac cycle is alternation of systole and
diastole of different heart compartments, which allows
blood pumping. The systole consists of isovolumic
contraction, followed by ejection. The diastole consists
of isovolumic relaxation, followed by diastolic filling
phase. The cardiac cycle is often described using the
pressure-volume diagram, which represents the change

and absence of diagnostic criteria [4]. It might manifest
severely in case of myocardial rupture, valvular
damage, arrhythmias or might have delayed
presentation. However, it was established that presence
of cardiac damage itself is a predictor of poor outcome
in patients. The pathophysiology of polytrauma is a
complex net of different reactions of the body in
response to injury. The cardiac injury taking place
during and after the trauma causes the accordingly
changes in myocardium, which in turn might affect the
strain value. Currently, there are no studies analyzing
the myocardial strain change in polytrauma patients.
However, as change in strain in other cardiological
conditions carries prognostic utility, it might be
assumed that the measurement of myocardial strain has
a potential of prognostic evaluation in posttraumatic
patients too.

This review is focused on revision of myocardial
deformation assessment tools, the correlation to clinical
presentation and how it can be potentially used for
patients with cardiac trauma.

recommendations published in English between 2014
and 2024.

Exclusion criteria were: case reports, non-original
articles, articles without access to full texts, and
duplicate publications.

As a result, 26 full-text articles were identified and
reviewed. After applying the inclusion and exclusion
criteria, 24 articles were selected for in-depth analysis
and synthesis in this review.

in these parameters during the cycle and stroke work.
Basically, filling with blood stretches the tissue, which
in turn elevates the pressure. The cardiac muscle
performance depends on structural parameters such as
functionality of valves, size and shape of the ventricles,
the contraction force itself [5].

Trauma & Ortho Kaz, 2025, 76 (3)
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The mechanics of the heart are different in distinct
regions and during the cardiac cycle. Generally, the
apex and base of the heart move in opposite directions
when there is change in blood volume and in the same
direction in isovolumic period. Sengupta et al reviewed
this movement, which is also called twist or torsion, and
suggested referring to it as rotation [6]. During the
rotation, there is a circumferential movement of the left
ventricle around the longitudinal axis [6]. So, during
the systole there is a counterclockwise apical rotation
and small clockwise rotation. During the diastole the
clockwise apical rotation base counterclockwise
rotation. However, during isovolumic contraction,
there is a basal and apical counterclockwise rotation
and during isovolumic relaxation, there is basal and
apical clockwise rotation [1].

The quantification of the heart function can be
done by measuring the several parameters of
contraction such as stroke volume (SV), ejection fraction
(EF), cardiac output (CO). SV is the amount of blood
pumped by the heart per 1 beat. CO is a volume of
blood, which the heart pumps within 1 minute. EF is a
ratio of SV to end diastolic volume represented in
percentages [5]. Measurement of EF currently faces
criticism as it is volumetric in nature, has issues with
reproducibility, depends largely on the experience of
the person analyzing it and does not reflect regional
function of the LV [7]. Lately, myocardial strain became
one more significant index of cardiac function.

4. Myocardial deformation

Myocardial deformation is the change in the size
and shape of the myocardium during the cardiac cycle.
It can be longitudinal, circumferential and radial,
depending on the stage of the cardiac cycle. Myocardial
Strain in an index of ventricular myocardial
deformation. So, for example during systole, there is
negative longitudinal strain as muscle fibers shorten
[13]. This explains the negative value of the normal
value of myocardial strain. Circumferential strain
measures the shortening of the myocardial wall due to
the inward movement of the endocardial
circumference. This shortening would still happen even
in the absence of circumferential fibers. In practice, it
measures the reduction in myocardial diameter as the
wall thickens. This thickening is caused by the
shortening of the wall, because the heart muscle is
incompressible. Radial strain, aligned with the direction
of the wultrasound beam, essentially represents
transmural strain. It is the cumulative result of both

These parameters can be measured using a range
of diagnostic tools including echocardiography, CT,
MRI, Multi Gated Acquisition Scan (MUGA). However,
it is important to mention that the value of myocardial
strain is different not only during the heart cycle but
also at different heart ‘layers’. It has been supposed for
a long time that LV muscle is homogeneous, however
actually its fibers do not contract and relax at the same
time [8]. So, Marwick et al conducted measurement of
myocardial strain in a healthy population using ST-
echocardiography (Speckle Tracking) and reported
normal value around -18% [9]. Another research group
which investigated normal value of strain using
echocardiography represented the reference from -24 to
-16 [10]. Later, Taylor et al measured the normal value
of myocardial strain in healthy population by FT-CMR
(Feature Tracking Cardiovascular Magnetic Resonance)
and presented that longitudinal one in endocardium is
around -21%, in epicardium around -17% during the
systole [2]. The systematic review investigating the
myocardial strain normal value measured by FT-MRI
reports the pooled mean value of -20% [11]. As systolic
function defines the prognosis, the change in strain also
carries prognostic utilities. One of the suggestions is
considering GLS<12% to correlate with severe
dysfunction and worse prognosis [12]. Therefore, the
average normal value can be approximated from these
studies.

subepicardial and subendocardial radial deformations
[13].

Global longitudinal strain is the most significant
parameter for measuring the systolic LV function [12].
The mechanics of longitudinal left ventricular
deformation is affected by myocardial disease the most.
In the early stages of disease, circumferential strain and
rotation may remain normal because the
midmyocardial and epicardial function compensates to
maintain left ventricular (LV) systolic performance. As
the disease progresses or following transmural damage,
simultaneous dysfunction in the midmyocardial and
subepicardial regions will impair LV movement
mechanics, leading to a decrease in left ventricular
ejection fraction (LVEF) [13]. Strain accurately describes
contraction/relaxation because it measures myocardial
deformation directly, global right and left ventricular

function, and regional wall deformation.
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Myocardial deformation measurement has been
studied as a risk prediction and evaluation for different
diabetic
cardiomyopathy and myocarditis. For example,

conditions, including MI, ischemia,
Haugaa et al investigated myocardial strain in post-
myocardial infarction patients and outlined it to be the
marker of arrhythmias in patients with preserved
ventricular functions [14]. Another research group by
Thavendiranathan et al conducted systematic review
for measurement of strain by STE for detection of early
chemotherapy cardiotoxicity and confirmed its
predictive utilities [15].

In regard to heart failure, a range of studies
conducting measurements at different stages were
done. The review of the studies confirmed that
myocardial strain is prognostic to outcomes and
complications of heart failure, which might be a key
factor in management of further guidance. The author
also highlighted that one of the major barriers to
introducing GLS measurement to guidelines are
intervendor variability and the need for experienced
specialists [16]. Despite this, the correlation of
myocardial strain measurement with assessment of

5. Myocardial deformation assessment

The assessment of the myocardial strain is done
using different diagnostic tools. At first, the strain
measurements were done using Tissue Doppler
imaging, however the limitations of this technique led
to search and discovery of the new technique such as
speckle tracking echocardiography (2D and 3D). As a
result, other diagnostic tools were also analyzed for the
possibility of strain measurements, and it was
established that cardiac magnetic resonance is quite
appropriate and informative. All of them have their
own advantages and disadvantages. For example,
echocardiographic measurements are more available,
quick, portable, while magnetic resonance can be
considered to be more precise. Moreover, there are
different methods within the diagnostic tool, so by
echocardiography it is possible to measure myocardial
strain by Tissue Doppler method or by tracking
speckles.

Echocardiographic methods:

Tissue Doppler imaging (TDI): Measurement of
TDI strain requires an optimized 2D image and rapid
frame rates to resolve regional velocities and calculate
strain rate [21]. Proper alignment of the Doppler beam
with the myocardial region of interest is crucial, as an
angle of incidence exceeding 20 degrees will lead to

different cardiovascular conditions is studied
extensively.

One of the largest studies investigating prognostic
utility of GLS for all-cause mortality in HFrEF patients
represented superior prediction in comparison to other
echocardiography parameters, which goes along with
the results reported by other studies. However, authors
report limited prognostic value in women and patients
presenting with atrial fibrillation [17]. In comparison,
Trobs et al reported men and Afib with other factors
such as obesity, diabetes, history of MI to be related to
higher GLS in patients with heart failure [18]. They
explain the sex-specific difference by physiologic
differences such as lower cardiac muscle mass, effect of
estrogen and existing comorbidities [18]. In regard to
patients with HFpEF, Brann et al report GLS to be a
predictor of future worsening [19]. Similarly, Haji et al
represent GLS to be prognostic of all-cause mortality in
patients with coronary artery disease [20]. The
functionality and predictive utility of the strain to its
full extent is still being investigated.

inaccurate measurements. Strain is calculated from each
sample volume and presented in a graphical format.
Later, more advanced techniques using speckle
tracking allows measurement of different strains and
makes measurement in a more precise manner [22].
Basically, speckles are a unique set of gray patterns on
a digital image of the myocardium, which can be
tracked during the cardiac cycle. It also does not require
proper beam alignment as it does not depend on angle.
2D-STE:
echocardiography: STE can increase the sensitivity of

two-dimensional  speckle tracking
stress echocardiography and provide information on
the location, extent, and severity of myocardial
ischemia in combination with visual wall motion
during Dobutamine stress echocardiography [23].
However, there are different methods and approaches
to conduct 2D-STE, therefore the normal values would
differ [13].

3D-STE: three-dimensional speckle tracking
echocardiography is similar to 2D-STE, but the
measurement in three directions is simultaneous. It also
provides more details in terms of overall configuration,
which in turn makes it more difficult to analyze.
However, the image is more physiological and the level
of automatization is higher [24].
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Distinct structural changes in myocardium as a
deformation cause change in strain value. For example,
ischemic wall motion is referred to as passive motion,
which in turn causes widening of apical septal
compartments and reduced compression in the middle.
There is also change in the strain value in distinct
myocardial compartments in cardiomyopathies
depending on the etiology of pathology. Moreover,
even valvular heart disease causes a decrease in strain
value [22]. Therefore, local and global myocardial strain
measurements can be done to estimate the local effectin
case of ischemia and overall effect on LV systolic
function.

CMR

CMR feature tracking: Feature tracking has been
developed to monitor myocardial motions, including
displacement and velocity, and to calculate cardiac
deformation parameters such as strain and strain rate in
CMR. It follows the movement of tissue between the
epicardial and endocardial borders throughout the
cardiac cycle using optical flow methods. In heart-
failure patients, both left atrium longitudinal strain and
strain rate were lower than in healthy subjects. Scarred
segments showed lower contractile function, radial
displacement, radial velocity, radial strain and
longitudinal strain values compared with non-scar
segments. Radial strain was shown to be the best
parameter to discriminate between scarred segments
and non-scarred ones [23].

CMR tissue tagging: The initial step typically
involves identifying key cardiac events: end-diastole

(ED) and end-systole (ES). The next step is to define a
region of interest that includes the myocardial wall,
which is done by semi-automatically contouring the
endocardial and epicardial borders either at ED, ES, or
both. This segmentation step is crucial as it determines
the set of points that will be tracked, introducing
variability based on the user and the segmentation
algorithm used. Finally, the region of interest is tracked
throughout the cardiac cycle, strain curves are
computed, and possibly post-processed. The reported
measurements can include either the end-systolic strain
or peak systolic strain.

Tissue tagging, feature tracking strategies can be
applied in echocardiography as well as in magnetic
resonance imaging. Amzulescu et al described the
difference of the strategy in different imaging
techniques and highlighted their features [7].

The calculation of strain and strain rate always
depends on image quality; this can have an effect on the
reliability and reproducibility of deformation
parameters derived from echocardiographic images.
Echocardiography is limited by acquisition angle and
operator dependence. CMR is increasingly the method
of choice because of its wide field-of-view, better image
quality and reproducibility [23]. However, as there is no
gold standard, the medical centers use the tool upon the
availability of diagnostic methods. The table 1 below
summarizes the myocardial deformation techniques in
terms of their advantages and limitations.

Table 1 - Advantages and Limitations of strain measurement techniques

hod of
Method o Advantage Limitations
assessment
TDE Fast, cheap and portable Dependence on a.cquisition angle and
operating person
No uni t method
Tracking during the cardiac cycle, efficient, reliable © um.que. meas.u rement metho .(no
2D-STE . . standardization, difference depending on
and validated to MRI tagging ) . ;
the operating person), time consuming
Measurement of strain in all direction at the same Image processing is more complicated.
3D-STE time, More physiological and faster analysis and Depends on image quality. Vulnerable to
better automatization artifacts
Availability
CMR Better image quality and better reproducibility Not portable

More expensive
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Imaging myocardial deformation provides
additional functional information compared to the
traditional EF measurement. Echocardiography is
currently the preferred method for clinical strain
assessment, with GLS being the most reliable and
reproducible parameter [25]. Other parameters might
include Left Atrium reservoir strain and Global Work
Index [26]. As GLS is dependent on multiple factors,
numerous studies were done to establish association
between its value and factor change. One of the largest
studies was by Skaarup et al, who investigated age and
sex specific normal values of GLS by conducting
measurements among healthy populations. They report
that normal GLS values for males are lower than for
females. Moreover, for females the value tends to
decrease with age, while for males this value is slightly
elevated [27]. The effect of other factors such as existing
medical conditions is still being investigated.

There are also other factors that influence the strain
value such as image quality, choice of segmentation,
choice of image clips, landmark and segmental
contouring, choice of region to investigate [28].
Researchers commonly refer to intervendor variability
as to a major barrier to clinical implementation.
However, the European Association of Cardiovascular
Imaging (EACVI) and American Society of
Echocardiography (ASE) with Industry initiated the
Task Force to standardize the imaging from physical
and mathematical perspectives [29]. This would allow
reproducing the measurements of the strain now, then
during the follow up for measurement using the same
strategy so that any radiologist could reproduce the
examination.

6. Myocardial strain in polytrauma patients with heart involvement

As it was mentioned, the post-traumatic cardiac
dysfunction has various presentations, depending on
structures involved, such as dysrhythmias or changes
in motion of cardiac muscle. Moreover, there is not only
acute presentation, but also delayed one, such as in
patients with systemic reaction to polytrauma or in
those with multiple organ damage. Currently, there are
no reported studies conducting measurements of
myocardial strain in patients with polytrauma. First,
current polytrauma guidelines and protocols
recommend measurement of troponin level and ECG
only as screening for heart injury. Then if required,
echocardiogram and CT might be done for further
investigations [30]. Secondly, due to the variety of the
clinical presentation of heart injury, which might be
even asymptomatic, there is no standardized guideline
on how to diagnose patients with polytrauma [4].

One of the studies investigated metrics of baseball
games to improve the safety measures on protection of
children from trauma. As commotio cordis caused by
hit of the ball to chest can lead to fatal cases, it needed
more investigations on biomechanics of trauma. The
authors evaluated the importance of factors such as ball
stiffness, location of the hit and response of the body
such as different forces at the moment of impact, rib
deformation, LV strain by using a computational
model. It is reported that the most significant factor
affecting the LV strain by computational model was the
velocity, so the most damaging hit was by the fastest

ball, causing the highest strain. The rib deformation,

ball stiffness and reaction force did not affect the value
of the LV strain. Authors highlight that the major
limitation is that the computational model does not
consider fluid within the heart being blood despite
applying pressure imitating blood pressure [31].
Although this study is based on computer simulation
investigating monotrauma, it shows that the different
settings of the polytrauma can be simulated and studied
too with subsequent studies in real life. As the hit by the
ball affects the

LV strain, then any blunt chest traumas would
have their own substantial effect.

Moreover, there are several other facts indicating
that strain measurement would be informative in
patients with polytrauma. For example, after the
trauma the common structural injuries include
intramural hematoma, papillary muscle rupture, septal
injuries presenting with murmur and arrhythmias [4].
In case of blunt cardiac injury, the right ventricle is the
most common region affected [32]. As these injuries
affect the myocardial tissue itself, the architecture of
layers becomes disrupted and there is an expected
change in a strain value. Moreover, as there is
prognostic correlation of change in strain with
complications like arrhythmias in post-MI patients,
these long-term complications might also be assessed
with risk prediction. Next, the cardiac injury presents in
different severity from asymptomatic to fatal cases. It is
expected that patients with more severe clinical
presentation would develop long-term cardiac
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consequences. Therefore, it would be suggested to
create the grading scale for heart involvement
according to which patient evaluation would be
conducted. It is also important to mention that the effect
of cardiac injury on healthy patients would be different
than on patients with existing cardiovascular disease.
So, setting a computational model would allow
checking theoretical differences in response to trauma.
However, no computer simulation can mimic real life
settings with all the details. Moreover, the
measurements of LV myocardial strain on a computer
model is nothing like by echocardiogram or magnetic
resonance.

Today myocardial strain measurement is done on
a variety of patients with a range of conditions. Some of
them do not have a standard to establish diagnosis as it
is in case of traumatic heart injury. One of such
conditions is myocarditis, which is difficult to diagnose
due to variability of clinical presentation. The authors
of the study reported the results of GLS measurements
using CMR in patients suspected with myocarditis. So,
these measurements had improved utility as a
prognostic technique. Farzaneh-Far and Romano
suggest that if despite subendocardial located
longitudinal fibers might be more prone to damage by
pathologies, CMR recorded fibrotic and injury changes
in myocardium in patients with myocarditis, then there

7. Conclusions

The biomechanics and cycle of the heart are
complex processes that require a deep understanding of
its anatomical structure and overall function. The
characterization of LV systolic function can be done by
measurement of the LV strain. The myocardial strain
measurement can be done using different diagnostic
tools. It does not only evaluate LV systolic function, but
there are also correlations with change of strain value
with long term complications.

Therefore, myocardial strain measurements are a
valuable tool with prognostic utility. Currently, there
are no standardized guidelines for strain measurement
and there is an intervenor variability with the need for
a skilled specialist to conduct the measurements.
However, there are already measures initiated to
standardize the procedure and create the guideline.
There is a potential to use the strain measurements for
evaluation of patients with polytrauma heart injury and
a range of research areas in this unexplored topic.
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is very different connection between myocardial fibers,
which needs to be investigated further [33]. Moreover,
other study reports that myocardial strain reflects
fibrosis by decreased strain value and cardiac
remodeling. The authors suggest that fibrosis might
play a role in rearrangement of layers between the
sheets of cardiac muscle [34]. So, the myocardial strain
value changes when there is a change in the architecture
of the heart, therefore the impact or damage affecting
fiber communication between each other results in a
difference from normal value. As it was mentioned
above, trauma causes structural changes in case of
direct or blunt hit and the changes are expected when
there is a later cardiac response to trauma. As future
directions it is suggested to conduct the computational
model studies to improve the study design and observe
which changes are expected. Then, implementation to
real life investigation with measurement of myocardial
strain in different groups of patients with polytrauma
can be done. Moreover, the effect of different
mechanisms of trauma (blunt, penetrating, burn and
others) should be compared to evaluate whether the
long-term outcomes are similar. Next, it would be
possible to investigate the change in myocardial strain
in progress after definite periods and its response to
treatment.
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TyniHaeme

JKypekTig coa >XaK KapbIHIIIACBIHBIH CUCTOAAABIK (PYHKIIUACHL XXYpPeK aypyAapbiH OackapyZa MaHBI3ABL peAa
aTKapaabl. COHFBI yaKbITTa MUOKapATHIK AepopMaliMsIHBI (strain) ealrey — o >KaK KapbIHIIIAHbIH KbI3METiH HEFY PABIM
AdA CUTIATTalTHIH XoHe 00AKaMABIK MaHbI3bI Oap Kypaa peTiHAe 3epTTeAill Xyp.

Bya mMakaaa MuOKapATBIK AepopMariust YFBIMBIHA IIIOAY YKacall, OHBIH KOII )XKapaKaT aAfaH >K9He KYPeKKe 3aKbIM
KeATeH HayKacTapabl Oaralayaarsl 91eyeTiH KapacThIpaAbl.

Mmokapa OyAIIBIKeTi XMBIPHLAY MeH OOcaHCy Ke3eHAepiHAe apTypai Oeaiktepae Oeariai 6ip OypbLabicKa
yieipaiael. JKaamel aaraHAa, SKYPeKTiH YIIBI MeH HeTidi KapaMa-Kapchl OarbITTa Ko3fadadbl. JKypek KbI3MeTiH
CHUIIaTTall, CaHABIK, Typae Oarasay YIIiH opTypAi HapamMeTpAep oAllleHeai: COKKBI KoaeMi (SV), mbFapblay ¢ppaKIysacs
(EF), xypex mmprrapy xeaemi (CO), aedpopmanusa (strain). bipxatap 3epTreyaep OoIibIHIIG, MMOKapATHIK
AedpopMalVSIHBIH KaAbINTel MoHI mamameH -20. JKypek nmkainderi Mmokapd TiHiHIH KO3FaABICHI OHBIH
AedpopMaLVICHIH ©A11IeyTe MyMKiHAiK Oepeai. bya aedpopmarins kepceTkimi — >Kypek Oy AIIBIKeTiHiH MiMTiHIHIH e3repy
AdpesKeciH cUIaTTalThIH MHAEKC. By KepceTKilITiH e3repyi XXypeK aypyAapbIHbIH opTYpAi TypAepiMeH OaiiaaHbICKa
ne. JedpopMalnsiHb 9pTYypAi AMArHOCTUKAABIK KypaadJapMeH ealleyre 604aabl, 0AapABIH 9pPKalCHICBIHBIH ©3iHAIK

apTHIKIIBIABIKTApEl 6ap. MMokapAThIK Aedopmarius KOPCeTKilmi >Kacka, >KBIHBICKA >KoHe aHaTOMILIABIK aiiMakKa


https://doi.org/10.1080/10255842.2021.1948022
https://doi.org/10.1016/j.ccc.2003.08.002
https://doi.org/10.1016/j.jcmg.2020.05.028
https://doi.org/10.1007/s11906-021-01148-3
https://orcid.org/0000-0003-2834-617X
https://orcid.org/0000-0003-2854-1952
https://orcid.org/0000-0001-5753-4271
https://orcid.org/0009-0002-3726-060X
https://orcid.org/0000-0001-7388-5717
https://orcid.org/0000-0002-6661-8132
https://orcid.org/0000-0001-5580-002X
https://orcid.org/0009-0006-9376-7324
https://orcid.org/0009-0001-3373-150Х

Trauma & Ortho Kaz, 2025, 76 (3) 20f12

OartaaHbICTBL 9pTypAal 00aysl MyMmKiH. COHBIMEH Karap, 3eprreymrizep Oya 94icTi KAMHMKAABIK XaTTaMaJapra
eHrizyderi GacTtbl Kegepriaepain Oipi peTiHAe OHBIH WUHTerpanusAlaHy KUBIHABIFBIH artall eTedi. Aazaiida Oya
HpolleAypaHbl CTaHJapTTayFa OarbITTaAfaH IMapadap KaObladaHyga. JKypekke 3akbpIM KeAreH KOII JKapakaT aAfaH
HayKacTapAa KYPbLABIMABIK ©3repicTepAiH KeH ayKbIMbI Oalikaaaasl, 6y 4epopManysaHEL ©A11eyre MYMKIHAIK Oepeai.
Bya xepceTtkim y3ak Mep3iMai acKbIHy AapAbl O0Kay¥Fa 94eyeTTi Kypaa 004a alaspl.

Tyitin ce3aep: >Xypek OyAIIBIKeTiHJeri iIlIKi KepHeyi, MMOKapATHIH JedopManuacel, dXokKapAmorpadus,

JKYPeKTiH MarHUTTiK-Pe30HaHCTHIK, TOMOTPagILICHL.

O630p BHYTPVMMMOKAPAMAAbHOI'O HAIIPSIDK€HWSI 1 €0 IIOTeHIIMaAbHOe€ IIPMEeHEeHIIe 4451
IIPOTHO3MIPOBAHNSI KAVTHUYIECKIMX MICXOAO0B Yy IIalIM€HTOB C TpaBMOﬁ cepana

bexboceHoBa M.C.1, Mykapos M.A. 2, Kana6exosa I1. 3, [TlakTeioex K. M. 4,
Cypraanmosa M.M. 5, bernien A.H. ¢, Koxxaxmerosa A.I1.7,
IMToaasanosa JX.A. 8, JXKauboaat A. °
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Pe3iome

Cucroandeckast GyHKIVS A€BOTO JKeAyA049Ka UTPaeT BaXKHYIO pOAb B OIIpeeAeHIN TaKTUKIU BeAeHUs CepAeTHO-
COCyAUCTHIX 3aboaeBaHMIl. B 1mocaesHee BpeMsi maMepeHne gedpopmanyy MMUOKapJa M3ydaeTcs KaK MHCTPYMEHT,
KOTOPBIII AydIlle XapaKrepusyeT (PYHKINIO A€BOTO >KeaAyAouka M o0JadaeT IIPOTHOCTUYECKON IIeHHOCThIO. lleap
AAHHOV CTaTbM — pPacCMOTPETh IIOHATME MUIOKapAHONM AedopMaiimy U €€ BO3MOXKHYIO IIOA€3HOCTh B OLIEHKe
MaIlVIeHTOB C ITOAUTPaBMOI U CEpAEUHBIM IOBpeXXAeHueM. MMoKapg nogsepraercs creludpuieckoMy BpallleHUIO B
Pa3ANYHBIX OT4eAax B pasHble (pa3bl cOKpalleHMs 1 paccaabaeHns. Kak mpasnao, BepXyIlKa I OCHOBaHIMe cepalia
ABVIKYTCS B TPOTUBOIIOAOXHBIX HantpaBaeHuAX. CylllecTByeT HECKOAbKO IapaMeTPOB, KOTOPbIe MOYKHO U3MEPUTh A5
OIMCaHM M KOAMIECTBEHHON OIleHKM (PYHKIIUM cepalia: yaapHbiil o0béM (SV), ppaxnua ssibpoca (EF), cepaeunsrii
BpiOpoc (CO), aepopmanms (strain). Psg mccaesoBaHmii ykasblBaeT, YTO HOpMaAbHOE 3HaueHNE MIOKapAHOI
Aedpopmanmu cocraBaseT okoao -20. JBurKeHne MIOKapAMaAbHO TKaHM B TeUeHNe CepAeYHOrO IIMKJAA I03BOASET
U3MepuUTh AepopManuio MUOKapAa, KOTopas IpeAcTaBAseT coboil MHAEKC M3MeHeHMs1 POPMEHI TKaHU. VI3MeHeHne
3HaueHUs1 gedpopMalyl KOppeAUpyeT C Pa3AMYHBIMU KapAUOAOIMYECKMMU COCTOSIHUAMU. Aedopmanius MoKeT
U3MepSTHCA C MICIIOAb30BaHNeM pa3ANIHBIX AMAaTHOCTUUECKUX METOA0B, KaXKABIN 113 KOTOPBIX IMeeT CBOV OCOOeHHOCTI

u nIpenMyniecTna.
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3HaueHNe MMOKapAHOI JedopMaliuy 3aBUCUT OT MHOXecTBa (PaKTOpPOB, TaKMX KaK BO3pacT, II04,
aHaToMM4ecKoe pacroaoxxeHue. KpoMe Toro, nccaegoBaTean 4acTo yKa3blBalOT, YTO OAHON 13 OCHOBHBIX IIperpag K
BHEAPEHMIO BTOTO IIOKa3aTeAsd B KAMHMYECKMEe IIPOTOKOABI SIBASETCS CAOXKHOCThL MHTerpauun. Tem He MeHee
NpeANpUHUMAIOTC IIaru IO CTaHAApTU3aluy BTOM Mpolelyphl. Y IaIMeHTOB C MOAUTPaBMON M BOBJA€YeHUEM
cepalia HabAIOAAIOTCS pa3AMYHble CTPYKTYPHbIE M3MeHeHI:], YTO AedaeT BO3MOXKHBIM u3MepeHne Jepopmariun. DTOT
IIoKazaTeab 004ajaeT IOTeHI[AaA0M A5 IPOTHO3MPOBaHMS 40ATOCPOYHBIX OCAOKHEHMIA.

KaioudeBble ca0Ba: BHYTpMMHOKapAMaAbHOe HamIpsDKeHMe, gedopManms MMOKapaa, ®DXokKapAuorpadus,

MarHUTHO-Pe30HaHCHasI ToMorpadILs cepAlia.
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TyaeyGaes B.E. !, Kocnaosa E.IO. %, Komanosa A.A. 3, Aspomuan VLK.

1 Xupyprusaasix aypyaap kadeApachHbH MeHrepymrici, Kaparanasr MmeguiinHa

yuusepcurerti, Kaparanapr, Kasaxcran

2 XupyprusiaslK aypyaap KadeapacsHbIH accucTeHT-Tipodeccopsr, KaparaHasr MeauiHa

yuusepcurerti, Kaparanapr, Kasaxcran

3 Xupyprusaslk aypyaap KadeapachIHBIH KaybIMAACTHIpELAFaH mpodeccops, Kaparanasr Mmeaumsa
yuusepcurterti, Kaparanapr, Kasaxcran

4 Xaansr meguiuHa gaxyasreTiHiyg naTepHi, Kaparanas meanmmna yausepcureti, Kaparanasr, Kasaxcran

Tyiingeme

Hanomarepnaagap Meaunmtasa, acipece TiHAIK MH>KeHEPIAAQ, TPAaBMATOAOTSIAA YKOHE
pereHepaTuBTi  MeAuIIMHaJa  KeHiHEH  KOAJaHbLAATBIH  OMoMarepuaajsapablg
IepCreKTUBaAbIK TOOBI 00ABII TabblAaabl. Oaapably iNTiHAE >KaHAPThLAATBIH ©CIMAIK
Ke3JepiHeH a/ABIHFAaH HAHOIIEAAI0/103a SKOFaphl MEeXaHMKaABIK OepiKTiriMeH, yAKeH
OetiMeH, OMoerpajarnsacbIMeH KoHe MUKPOOKa Kapchl KacueTTepiMeH epeKIeAeHeal.
Bya cuntatramazsap oHHI KapaaapAbl EMAEYTe, A9Pi-49PpMeKTePAl JKeTKi3yTe JKoHe CylieK
TiHIH KaAITbIHAa KEATipyTe TallThIpMac MaTepual eTeai.

JlereHMeH, HaHOIEeAAI0A03aHbIH CYlJI€K pereHeparVsIChIH bIHTAAaHABIPY VIIiH Ka>KeTTi
031HAIK OM0A0TUIABIK OeaceHAiairi >)KOK. by MaceaeHi 1ieny yIiiH HaHOIIE A0 A03aHbI
OCTEOaKTMBTI MaTepmaajapMeH - Kaaplmit ¢docdaTTapblMeH, CUAUKATTapMEH >KoHe
KOMIpTEKTI HaHOTYTiKIleaepMeH OipiKTipeTiH KOMIIO3UTTep >Kacaayaa. MyHaaii
KOMOUHaIMsAap MexXaHUKaAbIK KacueTrepai, OMOaKTUBTIAIKTI >KoHe AerpajarnMsHbIH
OakpLAaHYbIH >KaKcapTaAbl, OyA oAapAbl CYieK MMILAaHTTapbIH >KacayFa IIOTeHI[aAbl
SKOFapBI eKEHAITIH KepceTeai.

Kannukara aeitiHri sepTreyaepae, COHBIH iIlliHAE ereyKyphIKTapAarbl OpTaH KiAiKTiH
aKay/AapbIHBIH yAridepiHAe, HaHOILeAAI0A03a Heri3iHAeri KOMIIO3UTTEP ayTOAOTUSABIK
KaH VYUBIFBIIIITAPBl CUSIKTHL  A9CTYPAl MaTepmalJapMeH CaABICTHIPFaHAA CylieK
pereHepansCHIH JKOFaphl HeMece TUiMAipeK AeHrellAe KaMTaMachl3 eTeTiHi KopceTiATeH.
licroaorusaslk Taagayaa TiHA€pPMeEH >KaKChl MHTETPALIVSICHL, 94Ci3 KaObIHY peakIvsICh,
SKeTKiAIKTi TaMBIpAaHy >KoHe 0aKTepMsIABIK MH(MEKIUSIHBIH OpIIy KayIiHiH TOMeHAiri
AHBIKTAAABL.

[MMoay Makasaackl HaHOIEAAIOAO03aHBI CylJ€eK pereHepalyisiCbl MeH TpPpaBMaTOAOIUsIAa
KOAJaHyAa¥Fbl JKeTicTikTepAi >XuHaKTaApl. OHBIH IITeKTeyAepi MeH OJaH 9pi AaMy >KoHe
KAMHMKaABIK KOAJaHy MepcleKTMBalapblHBIH MYMKIHAIKTePiH KopceTeai.

Tyitin ce3aep:
HaHOKpI/ICTaA,ZI,ap.

HaHoMarepuad, TiHAepAiH pereHepalNsichl, HaHOO®©AIIEKTep,
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1. Kipicrie

Hanomarepnaagapasl sepTTey Kasipri FelAbIMAa
IepCreKTUBAackl eH >KOFaphl JKoHe CypaHBICKa Me
TOOBI 00ABII

seprreyaep TabbLAaABL

Hanomartepuaagap - ©Oya  HaHOOeaIIeKTepAiH
KOMeriMeH HeMece HaHOTeXHOAOTHAAApP apKbLAbI
>KacaAfaH, KypaMBbIHAAFbI OCHI OeAIIeKTepAiH 60ybHa
GaliaaHBICTEl epekille KacueTTepre 1e marepuaajap.
Hanomatepuaagapra ToH eammemMaepiniy 6ipi 1-aen 100
HM-Te JeTliHTi apaabIKTa >KaTKaH oObeKTiAep >KaTaAbl.
HanorexHoaornsiHeig MAESIChIH Oeariai
MaTepMaATaHyIIbl faaplM Puuapsg @eriaman 1959
KBIABI KeATOKCaHAa aMepUKaHABIK, (PM3UKAABIK KOFaM
>KnHaabIcbiHAa «TybOiHAe keI opbslH Gap» aTTHI Heriari
A@piciHge ycbiHFaH [1].

Kasipri yaksITTa >XapaTblAbICTaHy FELABIMAAPBIHAA
aa, O6uomeANIIMHAAQ Aa KOA/aHBLAaTBIH
HaHOTeXHOAOTUAAapABIH AaMYBIHBIH ocyi Oalikaaaabl
[2]. Cownrn

GaliAaHBICTHI CylieK aypyJAaphl MeH aKayJAapblH eMaey

KBIAZAQPBl  XaABIKTBIH  KapTalOblHa
dicTepiHiH caHbI apTThI, CylieK TiHiH KaAIlbIHa KeATipy
YLIiH opTypai MaTepmaajapabl KOAAaHY Ka>KeTTiAiri
aptein  keaeai [3-7]. CyilekTi KaamblHa KeAaTipy
MaTepuaaJapblH TlaiijalaHyJarbl Herisri Mmaceae -
OmoaorusaAblK, ~ OeaceHAidiKKe, Ouoyiiaecimaiaikke,
MeXaHMKAADBIK, OHIMAlAIKKe SKoHe eHAipicTig
KapamaibIMABLABIFBIHA Oip yakbITTa KOA >KeTKi3y
00ABIIT TAOBIAAABI.

2. DaicTeMme

bis xxyprisren agebu moay HaTuKeciHAe Scopus,
Web of Science, Pubmed sepexkopaapriHan maMaMeH
90 makaaa Kapaablll, OAapAbIH illTiHeH TpaBMaTOAOTI
MeH OpToIleAMsl calachlHAa, TiKeadell XUPYPIUSABIK
apaaacy KesiHge

KOAAaHBbIAaTbIH 3aMaHaymn

HaHOTeXHOAOIVs1AapEa KaTBhICTHI MaTepuaagap
TaHAAABII, i34€yAi cylieK TiHiHIH akayAapblH eMJeyae,
TpaHCIIAaHTalMsl >KoHe CyleK TiHiH HaHOIleA410103a

HeTiziHAeri OMOKOMITO3UTTEPMEH aAMAacTHIPy Ke3iHAe

KOA/AaHBLAaThIH HaHOTeXHOAOTMsIAap TypaAasl
MaaimeTTep bap MakaJalapMeH KeHeMTTIK,
TpaBMaTOAOTH MeH opToneAusja
HaHOMaTepMaajapabl  KOA4aHy  MYMKIHAIKTepiH

KepceTy YIIiH i3Adey KeHeMTiail, cylieK TiHiH KaaIblHa
KeATipyre apHaAfaH HaHOLIEAAI0A03a HerisiHgeri
O1OKOMIIO3UTTEPAi KOAJaHY >Kailabl Makadadap
TaObIABII, OJapAa CylieK TiHiHe TpaHCILAaHTAIM

Ileaat0a03a HaHOKpUCTaAjaphl — OYA KBIIIKBIA
TUAPOAU3 YpAici apKbLABI TaOuFM I1€4410103a4aH

OoaineTin KpUCTaAABI

apTypai

KoAgaHOazap YIIiH >KOFapbl MeXaHMKAABIK KacueTTepi

HaHODeAIIeKTep [8].
Hawnorieaaoao3a OMOMeAUITMHAABIK,

Gap HaHOKOMITO3UTTEPAl OHAIPY YIIiH KOAAaHBLAaAbI
[9].

ATaiMBIIII KOMIIO3UTTEpP LeAAI0A03aHbIH Herisri
KacueTTepiH — >KOrapbl OepiKTiriH >kKoHe MKeMAiairiH,
XVMMSIABIK, ~VHEPTTiAiriH >KoHe TUAPOPUABAIAITIH
6ipikripeai [10].

3aMmaHayu FBLABIMAA

HaHOTeXHOAOTMsAAAp  HaHOMaTepuMaadapabl — >Kacay
JKoHe KO0AJaHy YIIIH YAKeH MYMKiHAikTep Oepei.
Atan alTKaHAQ, HaHOTeXHOAOTHsAap MeH
KOAJaHy,

HaHOMeJUIIHa TepMuHiMeH Tabyra ©Ooaagpl. OHga

HaHOMaTepuaajapAbl  OMoOMegMIIMHAAaA
OyTiHTi KyHTe AelliH HaHOTeXHOAOIMsIAAp TiHAEPAIH
pereHepalMsCBIHAA, AdpPi-A9pMeKTepAl  KeTkKisyJe,
KaTep4i icikTepai eMaeyae, TypAi aypyaapablH aaAblH
aayJda OKoHe  AuarHOCTMKaJayjda  OYpBIH-COHABI
DoaMaraH >KeTiCTiKTepre >KeTTi.

Moayabiy MaKCaThl - OnomMeanHaAa
HaHOMaTepuaajapAbl KOAJaHyAbIH Heri3Ti OarbITTapbIH
aHplKTay. HaHoMmarepmaagap Typaasl Koaga Oap
aKkIapaTThl KYpPbIABIMAAY, apThIKIIBIABIKTaphl MeH

MaceaeaepiH, OnoMeANIIMHAAAFEl POAIH KOpCeTy.

peTiHge HaHOIIeAAA03a HeriziHaeri
KOAZaHyABIH

Ad2eAAeNTiH HaTIKeAep 0044  JepeKkkopaapAs

O1OKOMIO3UTTEPAL AYPBICTBIFBIH
TaHZay ochl IaaTdopMazapAarbl a4edueT Ke3aepiHiH
CeHiMaiairiHe Heri3aeAreH.
Kasipri TaHAa
HaHOIIeA1I0A03a HeriziHaeri

KOIITeTeH 3eprreyaep
O1oKOMIO3UTTEPAL
KOAJaHY apKBIABI JKYPTi3iaill >kaTKaHBIHa KapaMacTaH,
OoJapAblH KOAJaHy ayMarbl 841 allblAMaraH. bya
HaHOIIeAA110103a HeriziHaeri O1okoMHIo3UTTEpPAi
3epTTereH, YMIT KyTTipeTiH HoTI KeAepre KapaMacTaH,
KOCBIMINIA 3epTTeyAepAiH KaXKeTTiAiriH KepceTeTiH

MakaJlalapMeH Ad1eleHeal.
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3. Hano-keyeKTi KypblabIMaap

Hano-keyekTi KypslapiMAap — 6eTi HaHO®AIIIEMA]
AuameTrpi Oap  caHblAayJAapMeH
KYPBIABIMAQP. bya

KacyIlalapAblH CHIPTKBI OpTaMeH e3apa opeKeTTecyi

(Tecikrepmen)
HYKTe/JeHIeH Xarganga
AuameTpi mamameH 20 HM OoaaThIH TecikTepi Oap
CUAMKOH MeMOpaHachl apKbIAbl JKy3ere acaapl.
CumnarraafaH TecikTep apKbIABI I1I0KO3a, OTTETi KoHe
MHCYAMH CHUAKTBI yCaK MOJAeKyJadap >Kacyllajdapra
oTin, 6ipak aHTUAeHeAepMeH JKaHacy¥Fa K04 6€pMeI7I,Z|,i.
Ocslaaii11a, HAHO-KeYeKTi MaTepraajapAbl MaligalaHy
Omosorms MeH MeAMIIMHaja HaHOTEXHOAOIVISHBI
KOAJaHYABIH KeJellleri 30p OarbITTapbIHBIH Oipi 00ABII

TabbLAaABL.
QyHKIMOHAAABl ~ HaAHO-KEYeKTi  MaTepuaajap
peTrTeaeTiH KeyeKTiAiri MeH TeciKTepiHiH

reoMeTpusChIHA (MeAllepi, IIIIiHI >KeHe TapaAybl),
COHAal-aK Oacka HaHOKYPBLABIMAapMeH
CaABICTBIPFaH/AA epeKIlle XMMUAABIK >KoHe (PU3MKAABIK
KacueTTepre ne 6oaybiHa OaliaaHBICTLI
HaHOKYPBIABIMABIK MaTrepuaajap TOObIHa >KaTaAbl.
HaHno-keyekTi MaTepnazasapAblH KeH ayKbIMBIH a3ipaey
CaJlachIHAAFDI JKeTICTIKTep 0AapABIH KaTaAl3, 30HATaY,
Geay, coHjall-aK DHepreTnka MeH O1OMeANITHAAAFEI
KOAAQHYBIH Te3A€TTi.

Hano-keyekTi KypblabIMgap KeyeK MeallepiHe,

KYPBLABIMBIHA, MaTepuaalapAblH KpPUCTaAAblAbIFbIHA
4. KeMipTeKkTi HaHOTYTiKIIeaep

Kemiprekri HaHOTyTiKIIezep - Oya rpadur
KaOpIpIIakTapblHaH TY3iATeH TyTac ILMAMHAP Topisdai
KYpblABIMAap.
CBIPTKBI AnaMeTpi (2,5-100 M) ageTTe Gip KabarTsI (0,6-
2,4 HM)
HamnotyTikiezaep

KomnkabaTTer HaHOTYTiKIIIeAepAiH

HaHOTYTiKIIedepre KaparaHja YAKeH.
KaTTBLABIFBI SKOFapbl neH
cepmiMAiaiK, KAaUTBIMABI Midy MeH Oy3blAyFa Te3iMAiaik
Kacuerrepine 1me. QOaapapl  A9pidiK  3aTTapAbl
TachIMaAAayIbl peTiHje MalijadaHyra 001a4bl.
HanoryTikieaep MaKpoMoAeKyAalapMeH

9peKeTTeceTiHi Geariai. QYHKIIMOHAAADI
HaHOTYTIKIIeAep IIarblH JA9Pidik MOJeKyaaaapMeH
KaTap, MaKpOMOAeKYyAaAbIK KeIlleHAePAiH, ae

TachIMaAJaymIbicll  0o0aa  azajbl KewmiprexTi
HaHOTYTiKIleAep Tepi TeciriHiy cyOHaHOMeTpAiK
AUaMeTpiHe JelfiH Tamallla Cy OTKisrimrep OOABII
Tabblaaapl. bipereit (U3aNKO-XMMMAABIK KacuerTepi
oZapapl broMeANITIHAAAFEI KOIITETeH KoAdaHbalapra,
COHBIH IIIiHAe JA9pi-g9pMeKTepai >KeTKisyre, IeHAiK
Tepanusra, OuoceHcopaapra JKoHe TiHAIK

MIDKEHepIsAFa aAFalllKel YMiTKepaepain Oipi ereai.

JKoHe MaTepuaa TypiHe Kapail XikTeaeai. Keyek
Mearrepi GoiibIHIIIa OYA MaTepuaadap XaAbIKapaAbIK
TEOPVIABIK >KoHe KOAAaHOAAbl XUMMS OJaFBIHBIH
(XTKXO) HOMeHKAaTypachl HeridiHAe YII caHaTKa
OeaiHeai: MUKpOKeyeKkTi (Keyek MmeArmepi <2 HM),
Me30KeyeKkTi (keyek Mmeamtepi ~2-50 HM) >KoHe
MaKpokKeyekTi (keyek meamepi >50 um) [11].
Hamno-keyexri MaTepuaagap 6u1osoHaTay,
610A0TUAABIK, MOJeKyJdadapAbl >KeTKi3y, MMKpOOKa
Kapcel  KacueTTepi,

AVaaAu3, OpTolleAuss  MeH

HEePOHABIK UMIIAaHTTapra apHaAraH >KaHa

MeANIMHAABIK KYphblarplaapAbl JKacay CUAKTBI

GipHere OMOAOIUSAABIK SKoHe MeAVILIHAABIK,
KoAgaHbicKa 1e [12]. HaHoKypbLABIMABL MaTepuaslap
>KacyllalapAblH ©cyiHe, TiHAepAiH KaliTa KypblAybIiHa,
aHTMOTeHe3Te >KoHe MUIKpOOKa KapChl KacueTTepre
BIKIIaA eTiIl, KyllIeliTe aAaThIHbI KOpCeTiATeH.
KYpPBLABIMAAP  ©3

TecikTepAiH apkacbiHia AuPQPy3nAABIK Ta3 Oearimrep

Hamno-keyexri Oetingeri
peTiHAe KBI3MET eTe aJaAbl, COHBIMEH Karap OeTiHe
Dacka HaHOOeAIIeKTepAi DekiTyre MyMKiHAik Oepeai.
Oaap OmomegunuHaja J9pidik 3aTTapAbl >KeTKi3y
>Kyleci peTiHAe KeHiHeH KOAJ4aHblAaAbl.

byriari TaH4a oaapablH OMoMeguIIMHaja KeHiHeH
KOAJaHbBLAYBI JKOFaphl YBITTBLABIKIIEH KMbIHAAMARI [13].

OzapaplH acepal KYpBIABIMABIK, MeXaHUKAABIK,
JKOHe DAeKTPOHABIK KacueTTepi IIarblH ©AlleMi MeH
MaccachblHa, JKOFapbhl ~ MeXaHUKaAbIK  OepiKTiriHe,
COHAal-aK  9AeKTp JKoHe JKblAy OTKi3TilITirine
GaitaanpicTsl [14]. KemipTekTi HaHOTYTiKIIeAep aAfall
peT ®AeKTPOHMKa, ONTHUKa, IlAacTMacca YIIiH apTypai
KYPBIABIMABIK ~MaTepMaddapra Kocllalap peTiHge
nalgasanblarad. KeMipTekTi HaHOTyTiKIIeaep TeK
TYTIK Topisai

KYPbLAbIMFa opaaraH

KOHAeHcallis1AaHFaH OeH304 CaKMHaJapBIHBIH
KaTapplHga OpHaJackaH KeMipTeK aToMJapbiHaH
Typaabl. bya >xana nanomarepuaa ¢yaaepenep
KaTapblHa >KaTadpl, rpadur meH rayhapmen Oipre
KOMipTeKTiH YIIHII aAA0TPONTH TYpi, odap TabuEn
TypAe >KasblK >KoHe TekIle mimriHae 6oaaasr [15].
KabaTrapapiy canbiHa 6alidaHBICTHI KYPBLABIMAAP €Ki
Typre ©OeaiHeai: Oip  KaOBIpFaabl — KeMipTeKTi
HaHOTYTIiKIIleAep >KoHe KeIl KabaTTel KeMipTeKTi
HaHOTyTiKmeAep. bip kabat — anamerpi 0,4-TeH 2 HM-Te

Jdentinri  6ip rpadeH UMAMHApPI, 94eTTE€  THIFBI3
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OpHaJacKaH TIeKCaroHaAAbl — IIOFbIpAap — TypiH4e

0oaaabl, 0AapABIH 9pKaliChICEI OipHeIle KeIKabaTThI
TYypaabl. Opbip
UUAUHAP - KYBIC SIAPOHBI KOpPIIaIl TypFaH Oip rpadeH

KOakcuaaAbl — LIMAUHAPAEPAEH
KaOaTThI.

Kem xabaTThl KeMipTeKTi HaHOTYTiKIleAepaiH
coIpTKBl AnameTpi 2-100 HM, imki amamerpi 1-3 HM,
y3BeIHABIFH 0,2 MKM-J4eH OipHeIlle MUKpOMeTpTe AeliiH
KeTeai. XUMUSAABIK, Oeacenaiaik TYPFbICBIHAH
KOMipTeKTi HaHOTYTiKIlleAdepAi eKi aliMaKKa: YIITapbl
MeH Oyirip KaOblprasapbiHa Oeayre ©Ooaaasl. bya
epexiIle KacuerrepAi OackapaThIH MaHBI3ABI PaKTOp -
rpaden

TybIHAAFaH TYTiK KYPBLABIMBIHBIH ©3repyi. Moaekyaa

KaOBIPIIIAFbIHBIH ~ TYTiKKe  OpaAfaHBIHAaH
aifHaAyAbl, OHBIH OaFbIThIHa OallAaHBICTBI YII TypAai
JKOAMEH OpbIHAAlABL:  OPBIHABIK, 3UI3ar  >KoHe

XMpaAAbL.

MounokabaTThl >KoHe Ken KalaTThl KeMipTeKTi
HaHOTYTiKIlleAepAi ©HAipy YIIIiH a4eTTe YIII Herisri aic
KOAJaHBIAAABI: AOFAaABIK pasps/ o4ici (exi KeMmipTexTi
CTep>KeHABl AOFaAbIK OyJAaHABIPY), Aa3epAiK adASIus
o4ici (rpadumrti KoagaHy) >keHe Oy aszachiHaH
XUMMUSAABIK, TYHABIPY 94ici (kemipcyTek KeslepiH
nanaaaany: Co, MeTaH, 9TueH, anletuleH). Kemiprexri
HaHOTYTiKIlleAepAai JaliplHAaFaHHaH KelliH 04apAbl Kepi
TOHA3BITKBIIIIIEH KaifHaTy, OeTTik OeaceHal 3aTIieH
yABTPAABIOBICTEIK ©HJEY HeMece CHHTe3 KesiHAe
KaTaAM3aTop peTiHAe eHTisiareH aMOp(THl KeMmipTeri,
dyasepensep >xoHe eoTmeal MeTaadap — CUAKTEHI
KOCIladapAbl KeTipy YIIIiH ayaja TOTBHIFY YPAici apKbLAbl
Tasapraabl [16].

5. KeMmipTekTi HaHOTYTiKIIeaepai ¢papManmsiga xXaHe MeAUIIMHAaAA KOAAaHY

Meagununaga  KOMipTekTi — HaHOTYTiKIIeaepai
KOAJAHYABIH Herisri OafbITTapblHa JAdpi-A9pMeKTep,
6uomoaeKyalaaap, TeHAepAl >Kacylllalapra HeMece
Myllledepre >KeTKi3y, TiHAEpAiH  pereHepalsChl,
O1MOCEeHCOPABIK AMAarHOCTHKA JKoHe Taljay >KaTaabl.
Aopi-AopMeKTepai KeTKidy VINiH KOMipTeKTi
HaHOTYTiKIIeaepai KOAJ4aHyABIH >KaAlbl  YPpAiciH
KeJecigeil KpICKaIlla cuIiarrayfa Ooaaasl. Ilpemapat
{yHKIIMOHAAABI ~ KOMIipTeKTi  HaHOTYTiKIIeAepaiH
Oetine HeMece imriHe OekiTiaeai. CogaaH KeviiH aAbIHFaH
KOHBIOTaT >KaHyapAblH geHeciHe 49CTypAi TaciadepMeH
(aybI3 apKbLABI, MHBEKIIV apKbLABI) HEMece MarHUTTiK
KOHBIOTaT  KOeMeTiMeH  HbICaHa-Mylllere  TiKeaen
eHrisizeai, MbIcaabl, CBIPTKBI MarHmuTTi Oeariai Oip
MyIrere OarbITTaligbl. bya  >kafaaiiga >Kacyma
KOMipTeKTi HaHOTY TiKIIIeHiH KaIlCyAachlH
nperaparieH cCiHipeai, cojdaH KeWiH HaHOTYTIKIIeHiH
imiHgeri 3aT >Kacymra imriHe Oocam, A9piHi Tikeaeii
PyHKUIMOHAAADL

KOMipTeKTi HaHOTYTiKIlleAep Ka’KeTTi MoAeKyAalapbIH

HbICaHara JKeTKi3eai. oeTTe,
LMTOIL1a3MaAbIK >KoHe SAAPOABIK MeMOpaHa apKbLABI
VBITTBI 9cepcis TachiMaajay¥a Kabiaetti [17,18]. OcbIHbI
ecKepe OTBIPBIIL, A9PidiK KOHBIOTAT AdCTYpAi >KaArbl3
KOAJaHBIAATBIH ITperapaTKa KaparaHJa Kayircis skoHe
TuimMgipek 6oaaapr. JXKacyla-HplcaHafa >KeTKeHHEH
KelfiH A9piHi >KeTKi3yaiH eki Taciai Gap: KeMipTekTi
HaHOTYTiKIIeaep TachIMaAAayIIbIChl >Kacy1iara
eHOecTeH J9pi >Kacylllara eTeAl HeMece J9pi MeH
TackIMaAJayImisl Oipre >Kacymrara eHeai. Kemiprekri
HaHOTYTIiKIIleAepAiH >KacyIla MeMOpaHaJapblHa OTiIl,
Adpiaepai 04apAblH

JKeTKize  aay  KabOiaeri

KYPBIABIMBIHAAFbI KaparaibsiM rnapo¢oOThI
9peKeTTecyAepMeH, >KMHaKTaldy opeKeTTecyAepiMeH,
9AEKTPOCTAaTUKAABIK ajcopOnmsl >KoHe KOBaJA€HTTIK
OaltaaHbICTapMeH, COHAaM-aK eJeH ycTiaik
IMAMHAPiIHAeTi agcopO1isiMeH OaliaaHbIcTh [19].
ConpiMeH KaTap, KOMipTeKTi HaHOTYTiKIIeaep
JKacyllladapfa €Hill KaHa KoOliMaii, >KacylladapABblH
A9piaik 3aTTrapabl CiHipyiHe BIKIIaA eTeAl, COHbIMEH
KaTap TacbiMaaJday >KoHe >KacCylllafa eHy KesiHge
oAapAbl OyTiH KyWMiHJe ycTaiasl. bya kacuer
A9dpi-AepMeKTepAiH
aszaliTyfa MYMKiHAIK Oepeai, acipece icikke Kapchl

KOAAaHbILAAThIH MeallepiH
Adpiaepae OHBIH YBITTBLABIFBIH TOMEHAETeAl.
KewmiprekTi HaHOTyTiKIIeAepAi icikrepai emaey
VIIiH  49pi-49pMeK  TachIMaAjayIIbIChl  peTiHje
nalijadaHyra 0oaaabl. Kaarpls KOA4aHBIAATBIH icikke
Kapchl penaparTapAblH TMiMAiAir oaapAblH Kylieaik
YBITTBLABIFBIMEH JKoHe Tap eMAiK AMalla3OHbIMEH FaHa
eMec, COHBIMEH KaTap Jopire TesiMaidiriMeH >KoHe
Kacyllladapra eHyiMeH  1ekredegi. Kemiprekri
HaHOTYTIKIleJep NUTONJAa3MaablK MeMOpaHa MeH
SIAPOABIK MeMOpaHaHBI OHall Kecill eTeTiHAIKTeH, OCHI
TackIMaAAayIlbl TaCkIMaAAaliThIH KaTepAi icikke Kapchl
npemnapar in situ-ga TypakThl KOHIIeHTpamusaja
LIbIFapblaajbl, COHABIKTaH OHBIH iCiK >KacyllladapblHa
acepi 4acTypAi TepanusiFa KapafaHaa SKOFapbl 601aABbl.
Ocplaaiiina, KOAAaHBICTaFBl KYIITi IperniapaTTapAblH
JKaCymIaAblK, CiHyiH KylIneiTyre KabizeTTi TuimMai
JKeTKi3y >KylesepiHn asipaey KkaxerT. Kemiprekri
HaHOTYTIKIIeAepAiH

>KOfaphl apaKaTbIHAChI

KOA4aHBICTarbl )KETKi?)y BEKTOpAapblHa KaparaHAa
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YVAKeH apTHIKIIBLABIKTap Oepeai, oliTKeHi OeTiHiH yAKeH
Adpi-gepMeKTepai
OpBIHAAPBLIH KaMTaMachls eTedi. KentereH icikke kapcol

ayAaHEbI KOIITereH Oexity

peraparrap PyHKIIMOHAAABI KOMipTeKTi

HaHOTYTiKH_Ie/lepMEH KOHbIOragmusiaaHaAbl JKoHe

SIUPYOUIINH, AOKCOPYOULIVH, LMCIAaTHUH,
MeTOTpeKcaT, KBepIeTH KdHe ITaKAMUTaKCceA CUAKTHI in
vitro >keHe in vivo 3epTTey.Aepi apKbIAbl COTTI ChIHAAABIL.
bipkarap  3eptreyaep

TaCbIMaaAayIibl peTiH,Zl,e

nalijgadaHbplAaTblH  KOMIpTeKTi  HaHOTyTiKIeaepai
icikke Kapchl MMMYHOTepammsiga TUIMAL KOAJdaHyra
OoaatpiHbIH - KepceTti [20]. Bya TepameBTik agic
HayKacTblH MMMYHABIK >KylleciHgeri KaTepai icikTi
SKOIOABI bIHTaJAaHABIPYTa Heri3aeAreH. bya
BIHTaZAaHABIPY KaTepAai icikke Kapchl BakliHa HeMmece
TepareBTiK aHTUAEHe €HIri3y apKbIAbl KOA JKeTKi3yre
6oaaabL Kert6ip aBTOpAap KOMipTeKTi
HaHOTYTiKIlleAepAi BaKIIMHaJlapAbl >KeTKi3y Kypaabl
peTiHAe KOAAaHYABIH TUiMAiAiriH pacTaabl.

KakpiHga Karepai icik aypyblH eMAeyAiH TuUiMAi
daici peTiHge KOMipTeKTi HaHOTYTiKIIeAepAi
KOAJaHAThIH TUIIePTEPMUAABIK Tepamlus YCBIHBLAABL
bip kabaTTel KeMipTeKTi HaHOTYTiKIleAep >KaKbIH
nHppakpspia ammakra (700-1100 HM) KymTi ciHipyre
ne. bya HaHomarepmaagap — IUIlepTePMUSABIK
Tepamusra 91eyeTTi yMiTKepaep OOABIII caHaJaAbl,
OITKeHi 04ap >KapBIKIIeH KO3FaH Ke3je aliTapAbIKTail
Mealepe Xbay 6eaeai. POTOTEpMUAABIK dCeP YIIKEI
Oesinig Karepai iciri cmsAKTHI icik >KacymrasapbiHAa
KaTalTblAFaH oip KaOaTThI KOMipTeKTi
HaHOTYTiKIIeAepAi IIaMajaH TbhIC KBI3ABIPY apKbLAbI
icik  >KacymlaJapblHBIH  JKePTidikTi  TepMMSAABIK
abASIIMACBIH TYABIPYBI MYMKiH. JKYKIIaAbl areHTTepAiH
KOIITeTeH BUPYCKa, OaKTepusra Kapchl IIpelaparTapra
TO3IMAIAITNH eckepe OTLIPLIII HeMece BaKLIMHaHBIH
Oeariai Oip TuiMcisairine GaltaaHBICTBI MacedeaepAi

IIenly yHIiH ar3aga KOMipTeKTi HaHOTYTiKIeaepre

ChlHaKTap  >kyprisiaai.  KplaMeTTik ~ KeMipTekTi
HaHOTYTiKIledep MMKpOOKa KapcChl — areHTTepAi,
MBICaABbI, 3eHre Kapchbl aMOTepUINHA]L

TachIMaAJayIibldap peTiHAe opeKeT eTe aAaTbIHbI
Adaeaaenai [21].

Kemiprekri HaHOTYTiKIIesep aM@oOTepUIIIHTe
KOBa/A€HTTI TypAe KOCBIABIN, OHBI CYTKOPEKTiaepaiH
’KacyllaJapblHa TachiMaaJdall adaabl. bya kowbioraTt
caHbIpayKyJaKKa KapChl VBITTBIABIKTBL OOC Kyligeri
AdpimeH caarpIcThIpraH/a mamamMeH 40% TeMeHaeTeAi.
bip kabaTTel  KeMipTeKTi  HaHOTYTiKIllelepMeH
Gariaanbickan  ke3de AHK  3soHgTapsl  HykaemH
KBIIIKBLAAAPBIH  OaifAaHBICTBIPATBHIH  aKybI3JdapAbIH

(depMeHTaTUBTI BIABIPAybIHAaH >KoHE apaadacyblHaH

KopraaraH, coHABIKTaH AHK — 6ip xabaTTsl KemipTexTi
HaHOTYTIKIIleAep KellleHi JKOFapbl OMOTYPaKThLABIKTEI
kepceteai >xoHe JAHK-HBIH e3airiHeH K0AAaHbLAATBIH
AHK-MeH caabIcThIpFaHga ©3iH-031 KaMTaMachl3 eTy
KabizeTiH apTThIpaasl. KemipTekTi HaHOTYTiKIIIeA€pAi
reHAIK Tepanus BeKTOpAapbl peTiHAe MaligaslaHy Oya
KYpPbLABIMAAP CYTKOpeKTiaepaiH
>KacyllalapbIHbIH irmiHAeri reHepai THIMAL
TacbIMaAJail aAaTbIHBIH >XdHE OAapAblH TYTaCThIFBIH

>xoDazaHraH

caKTall alaTBIHBIH KOPCeTTi.
Kacymrazap MeH Mylleaepai
TpaHCIIAaHTalMs1AayAaFbl JKoHe KOMipTeKTi
HaHOTYTIiKIIeAepAiH XUMMIAAQFbl >KeTiCTIKTep COHFBI
>KBLAAapBl KOMIpTeKTi HaHOTYTiKIIIeAepre HerizgeAreH
TiHAIK MHKeHepUsl MeH pereHepaTUBTI MeAMUIIMHaHbBIH
TYpPaKTbI
HaHOTYTiKIIleAep TiHAIK KaHKaJapFa apHaAFaH TaOUFU

AamypiHa  biknaa  erri.  Kemiprekri
JKoHe CMHTeTMKAaABIK ITOAMMEpAEeP CUAKTHI KOIITereH
Oacka MaTepraajapAblH apachlHAA TiHAIK MHXKeHepus

peTiHde eH >KaKChl ©Kid peTiHAe apeKkeT eTe alaAbl,

OVITKeHi oya HaHoMaTepuaa buoyitaecimai,
OuoniAbIpayra TO3iMAl SKoHe ar3azapAblH
pereHepalusACHIH KYLLIEITY YIIiH

6I/IOMOAeKyAa/lapMeH KYMBIC icrent ajaaAbl. B¥A Cadada

KaHKaHbIH
OTKI3TIINTIiriH

KOMIpTeKTi  HaHOTYTIiKIIeAep  TiHAIK

MEeXaHMKaABIK  OepikTiriH  >koHe
apTThIpaThIH KOCIla peTiHge MecCiHiH JeHeciHe eHri3y
apKbIAHI ITalidadaHyra 00AaAbl.

JKakpiHaa Kerbip FaabIMAap ©3 3epTTeyaepiHje
KOMIipTeKTi HaHOTYTiKIlleAepAiH TaOuraTel OOIBIHIIIA
€eKeHiH SKoHe

AHTUOKCHUAAQHTTap CO3bIAMAaAbI

aypyAapAablH,
caKTayAblH aaAAblH aldy VIIiH OuomeauumHaja

KapTaioAblH SKoHEe a3BIK-TYAIKTI
KOAJaHyfa OOJaTBIHBIH aHBIKTaAbl. broceHCOpPABIK
HaHOTEeXHOAOIMsAAa KOMIpTeKTi HaHOTYTiKIeAepAai
naligadaHy >KaKbIHAa OacTaaAbl JKoHe in vitro >kaHe in
vivo  3epTreyaep TepamnsAABIK ~ Oakplaay = MeH
AVATHOCTUKA VIIH eH KBI3BIKTBI OaFbITTapBIHBIH Oipi
OoabInl caHaaaabl. MbIcaabl, KeITeTeH 3epTTeyIlilep
KOMIPTEKTI  HAHOTYTIKIIeAepai  LAIOKO300KCHAasa
6uocencopaapeiMen Oipikripin, KaHT AmnabeTiMeH
ayblpaThlH HayKacTapda KaHJarbl KaHT JeHIeliH
Alaipek >KeHe >KeHia OakplaayFa KOA >KeTKizai. bya
J)KeKe KOJAJaHBLAATBIH OMOCeHCcOpJapra KaparaHJa
aHafypAbIM THiMai 00aabl.  JereHMeH, KOMipTeKTi
HaHOTYTiKIIleAepAi 3epTTey apKblAbl aAbIHFaH KOIITereH
acepAi HOTIDKeAepre KapaMacTaH, Oy caJaHBIH 94i ae
KeH 3epTTey MYMKiHAikTepi ©Oap, COHBIMEH KaTtap
eseyai Maceaeaep MeH ToyeKeadep Ae Oap.

ConapikTaH OoJalakTa MeAUIMHAABIK KOAAAHY

YIIiH TUiMAiAiTi MeH KayiIcisairi >Korapbl KOMipTeKTi
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HaHOTYTIiKIleAep MeH OJapAblH KOHBIOTaTTapBIHBIH
apTypAai >kaHa (QopmasapbliH >Kacay VIIiH Kedipek
IIbIFAPMaIlIbIABIK, TIeH MHHOBalMs KakeT. Mbicaabl,
Oosamrax KeMipTeKTi HAHOTYTiKIIeai IIperaparrap
TiKezeJl >Kacyllla-HbIcaHara >KeTyl YIiH >KaHa ce3imMTaa
MapKepAaepMeH >KaOAbIKTaAybl THiC HeMece FaabIMAap

4. Hanoancnepcusiaap

Hanoancniepcusaaap — 6ya eamemaepi 0,1-150 am

apaAbIFbIHAA 0oaaThIH OearekTep MeH
araomMeparrapgaH TYpaTBIH CYMBIK HaHOO®AIIEeKTi
Xyleaep [22]. Taburn IIOAUDAEKTPOAUTTEP
JapmanesBTUKaABIK IIpemapaTTapAbl 93ipaAey  YIIiH
Oipereil epekmneaeHesi, ©ITKeHi oaap Taburn
JKaFAalija KaHapblll OTBIPY KabiaeTine me [23].
buomeaunnHaablk calalapda KOAAaHBIAATBIH €H
g¥:18)76371

MaHBbI3AbI IIOANDAEKTpOAUTTEPTE

roAmcaxapuarep (6aagpipaapaan aJbIHFaH
roAucaxapyuArep, IeKTMHAEP), aKkyb3dap (Koaaare,
JKelaTUH, AeKTUHJAEep) >KoHe Taburm moamdupaep

>KaTaabl [24,25].

CuHTeTHKaABIK, OpTaHMKaAbIK SKOHe
OertopraHMKaABIK OMOBIABIPANITHIH
[IOAMDAEKTPOAUTTEPTE MBbICal peTinge

9KCH€pI/IMeHTTiK aABIOBaHTTAp KAJAachl - a3oOKCuMepa

opommnai  (moamoxcmaonmir), — noamndocdazeHaep
>KaTaawl [26].
buomeanntaapix rnoanMepai

KOMIO3UIIMAAAPABl  €HTi3y KapKBIHBIHBIH apTybIHa
JKaHa IOoAMMepAl MMIIAaHTTapra, JA9pi-dopMeKTepAai
JKeTKi3yAiH OaKblaaHaTBIH o4icTepiHe (OakbliaHaTHIH
Gocary >Kyiteaepi) CYpaHBICTHIH apTybl FaHa eMec,
COHBIMEH Karap KbIMOaT MaTpuliialapAbl
SKOHOMUKAABIK TYPFBIJaH KOA >KeTiMai Typaepre
aybICTBIPY Ja BIKIIaa eTeai [27].
INoansaexTpoanTTepaiy Cy AMUCIEpPCUACHIHBIH
DeammexTepiHiH
Kyleaepain
TYPaKTBIABIFBIH ~apTThIpyFa bIKIIaa ereai [28,29].

opramia  MeamepiH  Oakplaay

CaABICTBIPMAABI arperarTsIk,
HanoOeamexrepaig eamemi >kacymaaapra (10-100
MKM), Bupycrapra (20-450 um), akybisgapra (5-50 HM)
JKoHe KOAJAOUATHIK OeamiexkTepre (mmamMameH 100 HM)
ykcac OOAFaHABIKTaH, OMOAOIUMAABIK OOBEKTiAepMeH
e3apa opeKeTTecyre >KoHe OallaaHbICyFa KabiaeTTi.

Ocpiran OaraaHbICThI Adpiaik 3aTTapAbIH

TacbIMalAayIIbICbIH Kacay Ke:’)iHﬂ,e, MbICaAbl,
5. Hanoxpucraaaagap

Hanoxpucraagap - KacuerTepi

aHM3OTPONMACBIMEH CUITaTTaAaThIH >XKoHe eAlleMaepi
100 HM 604aTBIH Y3A4iKCi3 KPUCTAAABIK TOPHI Oap >Keke

Oacka cay TiHAepre >KaHaMma ocepAepdi OoaAbpmay
YIIIiH 04apABI CBIPTTaH HbICaHa MYIIleTe OHait OarbITTall
azaApl. 3epTTeyAiH OCbl OarbIThIHAA 911 A€ ayKBIMABI
MYMKIiHAIKTep, IIelnidyi KepeK MaHBI3ABl Maceaeaep
MeH ToyeKeaaep Gap.

MIOAMDAEKTPOAUTTEPAIH OeTki 9AeKTp 3apsAbIHa
KapaMa-Kapchl OeTTik-OeaceHAl 3aTTapMeH ©34iriHeH

YIIBIMAACTBIPhLAAThIH HaHOOD©AIIIeKTepiH
KaABIIITaCTBIPY OapbIcbIHAA 3epTTeylIiaep
OeallexTepaiy  eAIeMAiK  CcuIIaTTaMaJapbl  MeH

oJapAbIH
aydapaapl. Hanoaucnepcusiaapabl — TypakKTaHABIPY

TYpaKTaHABIPBIAYbIHA  €peKklle  Hasap

ylIiH TaOUFyM HeMece CUHTETHKAABIK IIOAUMeEpAEP
KoagaHblaaasl. Oaap HaHOOeAmekTepAiH OeTiHe

aAcopOIIMAAaHbIII, DeaIIeKTepAiH Oip-Oipine
>KaObICyBbIHA KOA OepMeliTiH KYPBLABIMABIK-
MeXaHMKaABIK TOCKaybla Ty3seai [30].
MeaunnHaAbIK-0110A0TUSIABIK, MakcaTTapFa
apHaAraH TyMUHAIK 3aTTap Heri3iHae

HaHOJVICTIepCIsiAap aAy - 0OAalllarsl 30p OaFBITTapAbIH
6ipi. 'yMuHAiK 3aTTap-TONBIpaKTa, IIETiHAIdepae SKoHe
cyaapaa
KaAABIKTapABIH BIABIPAyBl MeH TpaHCPOpPMaIlVIChHI

Taburu eCiMAIK ~ JKoHe  MUKPOOTBIK
(rymmdukanys) Kesinaeri OMOXMMMSABIK peakIusAap

Kypaeai,
noamaucrepcri  kocriaaap. I'yMuHaik — 3aTTapAblH

HOTUKEeCiHAe Ty3iaeTin reTeporeHai,

KOII(PYHKIIVIOHAAABI KOCBLABICTap peTiHgeri
KYPBLABIMBI TYPaKTBI XMMMAABIK KYpaMFa e eMec. bya
rymMuQuUKanumsl YpAiciHiH CTOXaCTMKaABIK CHUIIaTHIHA
OaliaaHBICTBI. OpTypAi MOAEKYAaABlK Maccajarbl
TYMUH MOJeKyJAalapbl e3apa OallaaHBICHIII, OAapAblH
arperarraay JAspexeci epiTiHginiyg pH, 7oHapIK Ky1i
MeH MMHepaAAbIK KypaMblHa OaifAaHbICTBI 0OAaThIH
CyIIpaMOA€KyAaAblK KYPhLABIM Ty3e aaaabl [31].
I'ymMuugiK 3aTTap KypBIABIMBIHAA KapOoOKcuma,
TUAPOKCHA  (cnupT, (peHoa) CHAKTHL  IIOASPABI
$yHKIIMOHAAABIK TonTapsl Oap. Oaap Aucconmanusra
YIIBIpaI, Tepic 3apsigTaarad OeAIIeKTep Ty3eTiHAIKTeH
aHIMOHABl ~ HOAUDAEKTpoAUTTepre >KaTadbl.  Ocwl
MoaJiMeTTepaiH OapAabiFbl (papMmalleBTHKa ©HepKocibi
YIIIiH TaOMFN IOAUDAEKTPOANTTEPTE HETi3AeATeH JKaHa
OMOAOTUSIABIK, OeaceHal

3aTTapAbl >KacayAbIH

aAfrpIIIapTTapbIH >KacamApbl.

Giprekti Kpucraaagap. Hawnoxpucrasgap MiHcis,
HaKTbI HaHOKpIICTaAA OOABIII exi Typre GeaiHeai.
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MiHci3 HaHOKpUCTaAA - KYPBIABIMABIK, aKayAapbl
JKOK, MiHCi3 KYpPBIABIMHBIH YIII eariemai Oearreri,
KepiciHIIe 04 TOABIK, ©3iHe TOH CMMMETPUSChL, MIHCi3
Teric OeTTepi >xoHe T.6. Oap MaTeMaTUKAABIK OOBEKT.

HakTpl HaHOKpMcTaaa - opKalllaH oapTypAai
aKayZAap4sl, OeTrTepaeri Oy3blayAapAbl >KoHe KOpIIaraH
OpTaHbIH acepiHeH TOMeH CUMMETPUSIHBI KaMTHUABL
HaxTsl HaHOKpUCTaa4a KpuUcTaaaorpadusaablk OeTTep
Ooamaybl MYMKiH, Oipak OHBIH Herisri KacueTi -
TOpAarbl aTOMAapAblH TYpaKThl OpHaAacyblH caKTay.

beacenai aepisix HaHOMaTepmaa KpUcCTaljapbl
OeaceHAl 3aTTaH Typaabl >KoHe HaHOCYCIIeH3s Ty piHae
AavipiHAaAaApl. OHBI  KOKTaMBIp iIlliHe  eHrisyre
>KapaMABbl, aa irmke Kabblagay YIIiH o4aH Tyuipiiikrep
HeMece TaOaAeTKa >Kacayra Ooaaapl. bya >xargaiiga
noAuMepAaik Marpuuia KoAJdaHblAMalAbl, ©WUTKeHi
Keioip FaAbBIMAapABIH MiKipiHIIe, OHBIH BIABIPAYEI
>KacyIaJap¥a YBITTBI acep eTyi MYMKiH.
Hanokpucraaaapasiy agerreri Meamepi 200-600 HM
Kypanapbl.

CoHFbl OHXXBLAABIKTapAa HaHOKpUCTaAAap MilliHi
MeH e/1eMiHe 6ariaaHBICTH Oipereit pU3MKAABIK KoHe
XMMISIABIK, KacueTTepiHe OaliaaHBICTBI KOII Hasap
ayaapapl. bya oaapablH keaemMai aHaaorTapbIHaH KYpPT
epexileleHeai. Hanomarepuaaaapasy
MOP({OAOTHACHH, >XMHAAYBIH >KoHe COFaH Oall1aHbICTEI
SHepreTUKaABbIK KOAAAaHBIAYBIH YTBIMABI OaKblaayFa
KOA >KeTKidyre keIl Kyl >xyMmcaaabl. Ocblaalinia,
OeltopraHMKaABIK HaHOMaTrepuaalapably

MOpPQOAOIVCHH,  OALIEMJEPiH  >KdHe  eAlleM
Gipkeakiairin Oackapy MYMKIiHAIri Kasipri 3aMaHFEI
Martepuaadap pu3NMKachl MeH XMMVISCHIHBIH MaHbI3AbI
MiHJeTi 00AbII Kasa Oepeai.

Aepiaik OHJIpy  YIIiH
KOA/AaHBLAaTBIH CTaHAAPTTHI 94iCTep >KOFapBl KBICEIM DI

HaHOKpMCTaaAapAbl

TOMOTIeHM3anmst JKoHe MOHIIIaKTapMeH bIA¥aAAbI

yHTaKTay OoAbIll Tabblaagbl. bya yaepic epimeiitin
KOCBIABICTapABl COTTi ady VIIiH KoagaHblAraH [32].
JlereHMeH, OJapAblH Y3aK ©HJeYy VyaKbIThl >KoHe
MUKPOHU3aLUsAaHFaH IpenaparTsl GacTarnks
MaTepuaa peTiHAe HalijadaHy KayKeTTiAiri CUAKTBI
keMimiaikrepi ©Oap. Keaeci OyblH TexHOAOTUsAAAPbHI
CTaHAAPTTHI saictepMeH Ca/AbICTBIpFaHAA
OealleKTepAiH MOAIIEPiH a3aliTy TUIMAIAITiH apTTHIPY
YIIiH 69/1LH€KTep,Z!,iH o/IeMiH a3anTyAbIH
GipikTtipiareH aaicTepin KaMTUABL Jopiaik 3aTTapAbIH
HaHOKpIUCTaAAapblH aAyAbIH HeTi3iHeH eki Taciai Oap,
YIIiHIICi (apadac Tacia) aaFaIllKbl €Ki 9AiCTiH Tipkecimi
00ABIIT TaOBLAAABI.

Ypaicrig Gipinmi Typi epireH MoaeKkyaaaapdaH
HaHOKPUCTaAAapAbIH TYHYBI apKblAbl OeAallleKTepaiH
Mealepi yakeieai. Bya Tocia ecy gen araaaapl,
OIITKeHI Oe/lIexTepAiH MeAmepi apTadbl. bya Tomka
MUKPOTYHABIPY >KoHE XUMUSAABIK CUHTE3 CUAKTBI
ypaicrep Kipeai.

Ypaicrig exinmi Typi OeamekrepaiH MeamepiH
asalTyapl HeMece ycaKTayabl KamTuapl. bya Tecia
KiIIipeiTy Jen aTadaabl, ©ITKeHi OyprpiHHaH Oap
OealrekTepiH MeAIIepi azasAbL.
0.A0KTEI

Ywriam  Tecia  Gip ypAaicrepain

OoamexTepiHiH  MeaAllepiH  asalTy  TuiMAiairin
apTTHIPy YIIiH >KOFapbhl >KoHe TOMeH KadaMJapAblH
KOCBIHABICBIH ~ KaMTuapl. bipinmii keseH, oagerre,
YHTaKTayAbIH KeNiHIi caThIChl YIINiH HI3iK, ycaKTaAraH
GacTankbl MaTepMaaAbl ady YIIH IIperaparTsl alAblH
ala eHJey peTiHJe KOAAaHBLAATBIH epaeMeai ypaic
6oabm TaOblaager. Ocblaaiiima, A9pidik MaTepmaAAbl
HaHO®AIIleMIe XeTKi3y >keHiageliai. CoHbIMeH KaTap,
eKi TypAi «KinripeiTy» Ke3eHiH OipikTipy Tociai e Gap
(MBICaAbl, MOHIIAKTapMeH YHTaKTay, COAaH KeliiH

>KOFapbl KbICBIMABI roMoreHnsanst) [33,34].

6. buoMeammniHaga HAHOKpUCTaAAapAbl ady daicTepi

(TemMeHHeH  >KOFaphbl).

Tynavipy  ypaicrepi
IlpemraparTsl epiTkimike epirtin, oran OackKa epiTKimm
KOCY apKBIABI TYHABIPY - OYA KAaCCUKAABIK TYHABIPY
Yp4ici, keiige plAFaaAbl ©HAIpic geml Te aTtadaanl. bya
94icTiH MIiHAETI - HaHOMETPAIK AVana3OHAAFbl
KpUCTaajdapAblH  ecyiH  asanty  (OakbliaHaThIH
KpUCTaajaHy) >KeHe KpUCTaAjapAblH KaTThl KyMiH
Oaxplaay, AFHNM OJapAbl KpUCTaAAbl HeMece aMOP(TEHI
Typae mibsrFapy [35]. « ' Mapo304ab» TeXHOAOTHACH - Oy A
aAyAblH
caTblAapblH KaMTUTBIH «TOMEHHEH >KOFapbl» ToacCia.

Adpiaik HaHOO®AIIeKTepAi aAFaIIKbl

bya  egictiy  apTBHIKIIBIABIFBI -  KPUCTaAABIK

KYPBIABIMAAFBl  A9pidik HaHOOeAIleKTepAi aayra

MYMKiHAIK Oepeai [36,37].
bipxaTtap

IIpenapar xem gereHge Oip epiTKilliTe TOABIK epyi THic

Anariaa, oya
TEXHOAOTVUSHBIH KeMmImidikrepi — Oap.

JKoHe YpAiC )KOI7[I)IAyI)I KepekK OpraHMKaAbIK

epitkirepai kamtuapl. Kpucraagapasy ecyin
Oakplaay KUBIH OOJAFaHABIKTaH, OyA o4ic KeHiHeH
KOAAAHBLAMANABL.

Tarb1 6ip >KOFapbI TEXHOAOTMAABIK 9AiC - My34aTy
apKBIABI KeNTipy KesiHAe OaKblAaHATBHIH KPUCTaAJaHy
[38]. bya TexHoAOTMA HAaHOKPUCTAAABI O©AIIEKTEPAi
TYHABIPY  YPAiCiH
KamMTuApl. KeltliHHeH aAbIHFaH cyOAMMallsiAaHFaH

asy  yuLIH (anopmansarniyt)

yHTaKTap TaOJeTKa >Kacayfa TiKeaAeil KOAAAQHBLAYBI
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MYMKiH. Bya agic Gip caTelAbl KapamambelM TYHABIPY
nporneci periHge cunartrasaael. ConsiMeH Kartap, 10
MUHYTTBIK €piTy ChbIHArblHAaH KeliH A9pidiK 3aTTBIH
80%-ra aeitin OocaTbIAFaHBI TypaAasl XabapaaHAbL. bya
>KOFaphbl TeXHOAOIVISTHBIH epekieaikrepi -
OHAiIpYy
MYMKIHAITL >KeHe ayKbIMAbl ©HAipicTe KoaJaHY

KPUCTaAABIK  A9PidiK  HaHOO®AIIEeKTepAi
KO/alABIABIFBL. My34aTy apKblAbI KeIITipy, cOHAal-aK
6ypiKKimneH KeNTipy-KypFaK apaablK ©HiMJepAal
HeMece JalibIH J9pidik YHTaKTapabl ady YIIiH
¢apmarieBTIKa eHepKacibiHge KeHiHeH
KOAJAQHBIAATBIH TYHABIPY Yypdicrepi. «TemenHen
JKOFapbIfa» €Ki ~ TeXHOAOIMSIHBI  Ja  A9pidik
MarepuaajapAbl KeiiHIl YHTaKTay yp4iciHe KOAaiAbl
eTy YUIIH (SIFHM o4apAbl OOC >KoHe CBHIHFBIII eTy)
esrepTyre IalijalaHyfa 001aAbl.

Apaaac agicrep. Kasipri yaxpirra Oec apaaac agic
OeAriai: KeliHIi >KOFapbl SHEpreTUKaAbIK CaTBICH Oap
MUKPO TYHABIPY, «KaBU-TYHABIPY» Oap MMKpO
TYHABIPY, JKOFapbl DHepPTeTMKAABIK CaTBICKI Oap
(«KaBU-TYHABIPY»),
DHEepPTeTHKaABIK CaTBICHI Oap CyOANMAanUAABIK KeTipy

Oypikkim  kenTipy SKOFaphl

(«kaBU-TYHABIpY»)  >K9He  apadac  TeXHOAOTM:

(xopmiaraH OpTaHBl  KeliHHeH «KaBU-TYHABIPY»
apkbLAbl yHTaKTay) [39]. Imxy-Map>xangapabl Hemece

MOHIIIAaKTapAbl YHTaKTay a4ici - 0yA HaHOKpuCTaajap
7. Taakplaay

bya moayablH HoTMKelepi OmoMeAUIIMHAAAFbI
HaHOMaTepuaajapAblH, aTall aliTKaHJAa HaHO-KeYeKTi
KYPBhIABIMAAPABIH, KOMIpPTeKTi HaHOTYTiKIIeaepaiy
JKoHe HaHOLIeAAI0A03aHbIH >KOFaphl 94€yeTiH, COHBIH
inmriHAe cyllek pereHepalMsChH, Adpi-d9pMeKTepAai

JKeTKisyai >keHe OwmoyiideciMai  MMIAaHTTapAbI
a3ipaeyai  pacraifgpl.  Ocipece  IepCHeKTHMBAABI
MaTepyaad - OSKOFapbsl MeXaHUKAaAbK  Oepikriri,

Onoyiiaecimaiairi >keoHe OMOAKTUBTI KOMIIO3UTTEPA]
KaABINITaCTBIPy KabizeTi Gap HaHoIleaaioao3a [40-42].
backa aepexxesaepmen

CaAbICTBIPMAaAbl Taaaay

HAHOITeAA10103a HeTi3iHgeri KOMIIO3UTTEpPAIH
buoyiiaecimaiairi, ocreomHTrerpamus kabizeTi >koHe
TOMeH KaOBIHY peaknusAChl OOJMBIHINA ayTOTeHAIK
TpaHCIAaHTalMsl CUAKTBI A9CTYpAl MarepuaslapMeH
Oocekesece aaaTBIHBIH pacTaiiabsl [43]. JereHMen,
OJap4blH KeH KAMHUKAABIK KOAJAHBICKA EHTi3iayiHe
Kedepri KeaTipeTiH 1ekteyaep ©Oap. bipinmriges,
AepeKkTepAiH KeIlllidiri in vivo >keHe in vitro
seprreyaepre Heri3AeATeH, oya KAVHUKAABIK,
ToXXipubede KaliTadaHybIH Iekteiigi. Exinrmigen,
KepeMeT KacueTTepiHe

KapamacTaH, KOMipTeKTi

eHAipyAiH OipiHII OyBIHBIHAAFBI TEXHOAOTUS peTiHAe
Ae Oeariai. bya TexHoAoOrMsIFa YHTaKTaAFaH MaTepuad,
AVCIIEpCUAABIK OpTa (94€eTTe Cy), TypaKTaHABIPFBIIIT
Oerrik OeaceHal

Kylle peTiHge 3aTTap >KoHe

HaHOeAllleMAl IIpeliapaT >KyKTe/AeTiH apaAacThIPFBIII
YHTaKTay Kipeai. Jopi-AspMeKTiH
OoariekTepi MeXaHMKAABIK TO3Y apKbIABI a3asjbl.

KaMepachel

¥uTakTay MaTepmaabl 94eTTe TOT OacHaliThIH

OoaaTTaH, IIBIHBIZAH, KepaMMKajaH  (MBbICaAbl,
UTTPUIIMEeH TYpPaKTaHABIPBLAFaH IIMPKOHMI AVMOKCUAL)
HeMece IIOAMCTUPOA IIaMbIpbIHAH >KacaAfaH ycak
mapaap Ooabim Tabbaagbl. COHFBI ekeyi eHiMAI a3
AacTaliTBIH OOAFaHABIKTAH XKUi KOAAaHBIAaABL I[HKy
Heamextepi 0.1, 0.2 Hemece 0.5 MM CHAKTBH opTypAai
eamemaepae 604aabl. YHTaKTay ypAiCiHAE COKTBIFBICY
JKMiAiri yHTaKTay 4oHAepiHiH MeAllepiHiH a3arobIMeH
aprtazbl. Ocblaaliina, HaHOOAIIIEM epy >KblAAaMABIFEIH
Adpiaepain
6110>KeTiMAIAITIH apTTBIPYABIH KOAAMABI 94ici GOABIIT

JKoHe ochblAania Haniap epI/ITiH

TaObl1agpl.  bearmekrepsiy — Mmeamepin — asaiiTy
YPAicCiHIH TMiMA4iairi KOAAaHBIAATBIH TEXHOAOTUS,
>KaOABIK >KoHEe AdpiAiK 3aTTBIH (PUBUKO-XUMUSABIK
CUSIKTBI MaHBI3 bl

Kacuerrepi Jakropaapra

0OallaaHbICTHL.

HaHOTYTIiKIIledep ocipece cO3blAMaaAbl KOAJaHyda
MTOTeHIIMaAABl YBHITTBIABIKTEL KepceTedi, Oya OipkaTap
3epTTeyaepMeH pacTradaabl [44,45].

ConbIMeH Karap, HaHOLleAAI0103a Oipereit ¢pu3mMKo-
XMMMSABIK, KacHeTTepre 1e >KOFaphl OepiKTiK, DAeKTp
OTKI3IIINTIK >KJHEe 6I/IOCI)yHKLU/IOHaAABIAbIK oya
Adpi-aopMeKTepai
Tepanmsira >JKoHe TIHAIK MH>KeHepUsIFa TaMallla YMiTKep

0o4apAbl JKeTKizyre, TeHAIK

eteai [47]. Hano-keyeKTi Ky pblabIMAap peTTeAeTiH Tepi

TeciriHi§  eaIlleMi MeH JKOFaphl epeklleJirige

GariaaHbICTBI  OeAceHAl 3aTTapabl  OacKapblAaThIH
H6ocary MeMOpaHaJapblH KOcCa aAfaHAa, Adpi-aopMex
JKeTKi3y  >Kyiledepi MeH  MMILAaHTalMsAaHATBIH
MeAMIIMHAABIK, KYPBIAFBLAApABl 93ipaeyae OeaceHal

KOAAaHyABI Tabaabl [48].

ConbpiMeH KaTap, HaHO-KeyeKTi MaTepuaaaap
O6moceHcopaap MeH  AMarHOCTMKAABIK — OKylieaep
casacblHAa, ocipece >KeKeAeHJipiareH MeJguIHa
asCbIHAA aliTapABIKTall d1€yeT KOpCeTTi.

boaammak seprreyaep HaHOILIeAAMA03aABbIK,
KOMIIO3UTTepAeH OeaceHal 3aTTapAblH
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O6moaerpaganuscel MeH OaKblAaHATBIH OOCATBHLAYBIH
OHTalAaHABIPYFa OaFbITTaAybI THIC.

bya OunomeaunuHaablk KOChIMIIadapAa OCBIHAAM
MaTepuaadapAbl HaiijadaHy TUIMAIAINIH apTThIpasbl
>KoHe TiHAepAiH pereHepanus yAepiciH 494 OacKkapyAs
KamTaMaceld3 eTeai. CoHBIMEH Karap, KeMipTekTi
HaHOTYTIiKIleAepAiH  YBITTLIABIFBIH — a3aliTy  >KoHe
0/apABIH ar3ajarbl MeTabOAM3MIH 3epTTey ©3eKTi
MiHgeTTepAiH Oipi 6oabi Tabbr1aasl. Cebebi, oaapabIH
Oiperert pU3MKO-XUMUAABIK KacueTTepiHe KapaMacTaH,
94€YeTTi YBITTBIABIK OAapAbIH KeHiHeH KOAAaHBLAYbIH

IIeKTeNAi. Hanomarepuaaaapast KAVHUKAaABIK,
8. KopbITBIHABI
bya 1104y 4a 6i3 apTypAai XikTeyaepai

KOPBITBIHABIAAABIK JKoHe HaHOMaTepunaadapAblH

TypAepiHe SKaATIbI cuaTrTama Oepaix.
brnomeannunaga HaHoMarepuaagapabl ady adicrepi,
KOAJaHy calalapbl, COHAal-aK KOAAaHYABIH 3aMaHayu
TpeHATepi KapacThIPBLAABL.

brnomeannunaga nHanomarepmasgapabpl KOAAaHYAbIH
eH TaHbIMaA OaFrbITHl - 49pidiK 3aTTapAbl XKeTKisy. bya
OaFpIT  yHeMi  JaMBbII,  3epTTeyllidepre  >KaHa
MyMKiHAiKTepAi amryda. HanoGearmekrepin AaMbIraH
TypAepiHiH KeH TaHJAayblHa OailAaHBICTEI  A9pi-
A9pMeKTepAi KaKeTTi aiiMakka Tikeaell >KeTKi3y
KyTieci eH TaHbIMaa 60a451. HanoGearekrepre HaKTHI
KacueTTep MeH KYpPBIABIM Oepy, oaAapAbl 9apTypAai
MaTpulladapra eHIidy MyMKIiHAIr - oAapAblH KeHiHeH
KOAJaHBIAYbIHA K04  amTel. bya  kemiprexTi
HaHOTYTiKIIle/lepre KaTBICTHI aliTy KUbIH, OMITKeHi oaap
A9pi XeTKi3y XylieaepiHae, reHAiK Tepanmsasa, TiHAIK
VMH>XXEHEepUsACbIHAA KOAAAHBIAFAaHBIMEH, YBITTBLABIFBI
oAapAblH KeH TapaayblHa Kegepri keatipeai. CoraH
KapaMacTaH, KeMipTeKTi HaHOTyTiKilelep OOJBIHIIA
KYprisiareH 3epTTeyaep OH HoTiDKeaep Oepai:
oAapAblH SIAPOABIK,
MeMOpaHaJapAaH Ty KabileTi >Korapsl, OeTTiK ayAaHbI

OUTOIIAa3MaAbIK JKoHe

YAKEH >KoHe 6eTTepiHe A9piZiK  3aTTapAbl KOl
Meallepae OeKiTyre MyMKiHAiK Oepeai.

Ocplaaiima, ©Oya  ogicrepai  Tuimaiairi  goapiaik
3aTTapAbl JKeKe KOAJaHyMeH caAbICThIpFaHAa OipHele
ece apTaabl. HaHo-keyekTi KypblabiMgapra KeJeTiH
0oacak, oaapAbIH epeKIeairi KeyeKkTi TaOuraThIHAA.
bya oaapapiy OetTiHe opTypai MoAeKyaadapAbl
OpHaJacThIpyFa MYMKiHAiK Oepeai. boaarakTa Oeariai
Oip MoaekyaasapMmeH >KaOAbIKTaAFaH HaHOKeyeKTi

ToXXipubere coTTi eHrisy ymiH MaTepuaajapAblH
KaliTadaHybl MeH KayiIlci3AiriH KaMTaMachl3 eTeTiH
ayKbIMABI JKoHe CTaHJapTTaAfaH CHUHTe3 dJicTepiH
asipaey xaxeT. Hanomarepuaagapabl opromneaus: MeH
TpaBMaToOAOTMsIAa KOAAAHY OOWMBIHINIA KAMHMKAABIK,
ChIHAaKTap >KYPridy o0AapAblH HaKTBl >Kargaiilarbl
TUiIMAiAiTi MeH Kayirncisairin 6araaayAblH Herisri Ke3eHi
0O0ABITI

TabbLAaABI. byaan  Oacka, KYTIIeTeH

acKpIHyJdapabl  OoaablpMay — >KeHe  HayKacTapfa
OaprIHIIa MTalija 9KeAy YIIiH JeHere HAaHOKYPhLABIMAbI
Marepuaajapabl  eHrisymMeH  OalidaHBICTBI  Y3aK
Mep3iMAi OMOAOTMAABIK ocepAep MeH BIKTUMaa

Kayinrepai MyKMAT 3epAeaey Kepek.

KYpPbIABIMAap KadKeTTi aliMakKa TikeJell >KeTKizizeAi.

bepiaren Kacuerrepre 0OaltaaHbICTHI KakeTTi
aliMaKTaFbl HaHO-KeyeKTi KypBhlAbIMAAap, MBbICaAbl,
>KacylladapAblH ©cyiHe, TiHAepA4iH KaliTa KypblAybIHa
KaHaamn

BIKMMaa  eredi. bya oaapapiy  OeriHe

O1OAOTUSIABIK, MoJeKyAalap JKYKTeATeHiHe
GariaanpicTel  60aaabl.  JKorapelda aifThLAFaHAAPABI
KOPBITBIHABLAA Kee, OYTiHTi TaHAa HaHOMaTepuaaap
TepeH 3epTTeAill >KaThIp, OAapAblH OMoMeAuIMHaja
xoHe Oacka calalapAa aJaTBIH OPHBI ©Te€ MaHBI3ABI
>KoHe DaFa >KeTIeNTiHAITH KepceTeai.

Aypla mapyallblABIFRIHAaH OacTam OmoceHcopAaapra,
TIHAIK ~ MHXeHepusFa  >koHe  OMOMeAUIINHAABIK
MMIIAaHTTapFa AeifiHri KoAJaHy cadajapblHBIH yHeMi
KeHelOiMeH  Karap, HaHOMaTepuaajapra  AereH
KBI3BIFYIIBIABIK KYH CaliblH apThil kKeaedi. Koagany
OHAIpY
TEeXHOAOTIVISICBIHBIH KeTiaaipiayiHe >KoHe 0AapFa HaKThl

aliMaKTapbl HaHOMaTepuaaaapabl
KacueTTep 6epy MYMKIHAITiHIH apTyblHa OailA1aHBICTEI

KeHeloe. Aaaiiga, TPaHCIIAaHTOAOT Y AAFbI
KOAJAHBIAYBl HeMece TiH aKayJAapblH TOATBIPYFa
apHaJfaH MaTepuaa peTiHAe NaliAaAaHBIAYBI CVSKTEI
Kelibip acrekTiaep a4i Ae >KeTKiAiKTi 3epTTeAMereH.
ConaplKkTaH Oya OaFpITTa TOKTaIl KalyFa O0AMamAsbl -
HaHOMaTepmaajap OmoMesunyHa MeH FBHLABIMHBIH
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Pe3ome

HanomaTepuaasl IpeAcTaBAsIOT cOOOM IEpCIEKTUBHBIN KJAacC OMoMaTepualoB C IIMPOKUM IIPUMEHEHUEM B
MeJUIIHe, OCOOEHHO B TKaHEBON WHKEHEPUIM, TPaBMAaTOAOIMM MU pereHeparusHO MegunuHe. Cpeam Hux
HaHOIIeAA10103a, I0Ay4aeMas 13 BO30OHOBASIEMBIX PacTUTEABHBIX MICTOYHUKOB, BbIAeAsAeTCs 0AaroAapsi BBICOKOI
MeXaHIYeCKOJl IIPOYHOCTH, OOABIIOI IIOBEPXHOCTY, OMOAETpajupyeMOCTM M aHTUMUKPOOHBIM CBOJICTBAM. DTU
XapaKTepUCTUKI AeAaI0T e€ IIPVBAeKaTeAbHON 4451 3a’KUBAEHNS paH, A0CTaBKM A€KapCTB U BOCCTAaHOBAEHUSI KOCTHO
TKaHU.

Ognako HaHOIIEA410103a He 001ajaeT COOCTBEHHON OM0AOTMYeCKO aKTMBHOCTBHIO, HEOOXOAUMOM A4S CTUMYASIINN
pereHepauuu Kocreil. AAaAs pemleHUsT DTOM TpoOAeMBI  pa3pabaThBAIOTCSI KOMITO3UTHI, OOBeAUHSIONINE
HaHOIIeAAI0A03y C OCTeOaKTUBHBIMIU MaTepmadaMm - ¢ocdaraMy KaabIusl, CUAMKaTaMU ¥ YTAepOAHBIMU
HaHOTpyOkamm. Takme codeTaHmsl yAydIIalOT MeXaHMYECKNe CBOMCTBA, OMOAKTMBHOCTL M KOHTPOAMPYEMOCTb
AeTpajanniy, 4To AelaeT UX MePCIeKTUBHBIMU A CO34aHNs KOCTHBIX IMIIAaHTaTOB.

[IpeaxauHuyeckue yccaeA0BaHMs, BKAIOYast MoAeau 4epeKToB OeAPEeHHO KOCTU Y KPBIC, II0Ka3aA, YTO KOMITO3UTEI
Ha OCHOBE HaHOIIeAAI0A03bI 0DeCIIeurBalOT pereHepariuio KOCTHOV TKaHM Ha YPOBHE MAM BBIIIE II0 CPaBHEHMIO C
TPaAULMOHHBIMM MaTepMalaMll, TaKMMM KaK ayTOAOTMYHBIE CIyCTKM KpOBU. 'McTOAO0rMYeckmit aHaAU3 BBIABUA
XOPOIIYIO UHTETPAUIO C TKaHAMY, cAabyI0 BOCIIAAUTEABHYIO peaKINIO, 40CTaTOUHYIO BaCKYAAPU3ALINIO ¥ HU3KUI
pUCK OaKTepPMaAbHOIO 3apa>keHisl.

O06zop 00600mIaeT AOCTIDKEHUsSI B UCIIOAB30BaHUY HAHOLIEAAIOA03bl B pereHepanmuu KOCTell ¥ TpaBMaTOAOTUN,
OTMedaeT ee OTpPaHNMYEHNs, a TAK>XKe IIepCIIeKTUBBI AaAbHEeNIero pasBuTIA U KAMHIUIECKOTO IIPYIMEeHeHNs.

Karouesnlie caoBa: HaHOMaTepunaa, perenepannst TKaHeﬁ, HaHOYaCTMIbl, HAHOKPMCTAAABI.
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Abstract

Nanomaterials are a promising class of biomaterials with wide applications in medicine, particularly in tissue
engineering, trauma surgery, and regenerative medicine. Among them, nanocellulose derived from renewable plant
sources stands out due to its high mechanical strength, large surface area, biodegradability, and antimicrobial
properties. These features make it attractive for wound healing, drug delivery, and bone tissue repair.

However, nanocellulose lacks the inherent biological activity required to stimulate bone regeneration. To address this,
researchers are developing composites that combine nanocellulose with osteoactive materials such as calcium
phosphates, silicates, and carbon nanotubes. These combinations enhance mechanical properties, bioactivity, and
degradation control, making them suitable for bone implants.

Preclinical studies, including rat femoral defect models, demonstrated that nanocellulose-based composites support
bone regeneration at levels comparable to or better than traditional materials like autologous blood clots. Histological
analysis reveals good integration with host tissues, minimal inflammatory response, sufficient vascularization, and
low risk of bacterial infection.

This review summarizes current progress in the application of nanocellulose in bone regeneration and trauma care,
highlights existing limitations, and outlines future directions for its clinical use.

Keywords: nanomaterial, tissue regeneration, nanoparticles, nanocrystals.
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Abstract

Osteoporotic vertebral fractures represent one of the most prevalent and clinically
significant complications of systemic osteoporosis, particularly in elderly patients.
Reduced bone mineral density compromises the mechanical stability of spinal
instrumentation and increases the risk of postoperative construct failure. This literature
review analyzes studies retrieved from PubMed, Scopus, and Web of Science databases
covering the period from January 2015 to April 2025. Included sources comprise original
articles, randomized controlled trials, meta-analyses, and systematic reviews focused on
the surgical treatment of osteoporotic vertebral fractures.

The review summarizes contemporary surgical strategies aimed at improving fixation
strength and optimizing clinical outcomes in patients with spinal osteoporotic lesions.
Special attention is given to cement-augmented pedicle screws, expandable and
fenestrated implants, cortical bone trajectory systems, as well as minimally invasive
procedures such as vertebroplasty and kyphoplasty.

Available evidence demonstrates that the use of bone cement significantly increases
pedicle screw pullout strength and reduces the incidence of postoperative complications.
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Kyphoplasty additionally enables partial deformity correction and provides effective

pain relief.

The findings highlight the importance of an individualized approach to surgical
planning, taking into account bone quality and anatomical characteristics of the affected
segment. Such tailored strategies are critical to reducing the risk of revision surgeries and
achieving stable, long-term functional outcomes.

Keywords: osteoporosis, pathological fracture, transpedicular fixation, cement
augmentation, expandable screws, bicortical fixation, kyphosis, vertebroplasty,

kyphoplasty.

1. Introduction

Osteoporosis is a major global health concern,
contributing significantly to the rising incidence of
vertebral body fractures resulting from decreased bone
mineral density and structural deterioration.

According to the Global Burden of Disease study
(2019) by the World Health Organization (WHO), an
estimated 8.6 million new cases and 5.3 million
prevalent cases of vertebral compression fractures were
reported worldwide. This marks a 38% increase since
1990, reflecting both the aging of the global population
and demographic expansion. Regional prevalence rates
vary, ranging from 18-26% among women in Europe to
9-24% in Asian countries [1].

The WHO as a priority non-communicable, age-
related disease, alongside cardiovascular and
oncological disorders, recognizes osteoporosis. It is
estimated that one in three women and one in five men
over the age of 50 will experience an osteoporotic
fracture during their lifetime, with vertebral fractures
being the most common site (World Health
Organization, 2021) [2].

This condition has a direct impact on diagnostic
and therapeutic decision-making in patients with
vertebral injuries. As life expectancy increases and
global populations continue to age, the incidence of
osteoporotic fractures is projected to rise further. This
trend is expected to result in higher rates of disability
and mortality, as well as an increasing burden on
healthcare systems worldwide [3-5].

Reduced bone mineral density is a key risk factor
for mechanical instability of the spinal segment during
surgical intervention. In addition to this, age-related
remodeling of bone tissue, degradation of the bone
matrix, and the presence of comorbid somatic
conditions further compromise the effectiveness of
conventional spinal fusion techniques. In this context,
the development and implementation of advanced
fixation methods, the use of innovative biomaterials,
and the application of both antiresorptive and anabolic
therapies aimed at enhancing bone metabolism have

gained increasing importance. Emerging strategies
incorporating elements of bioengineering and
personalized treatment planning allow for the
adaptation of surgical approaches to the patient’s
individual anatomical and functional characteristics,
thereby expanding the possibilities for stabilizing the
osteoporotic spine [6].

Global demographic shifts have led to a substantial
increase in spinal surgeries among elderly patients. For
example, in the United States alone, the rate of spinal
procedures among individuals covered by the Medicare
program increased more than fifteen-fold between 2001
and 2007. A significant proportion of these patients are
over the age of 50, with osteoporosis frequently
remaining underdiagnosed. It is estimated that up to
50% of women in this age group who undergo spinal
surgery exhibit signs of osteoporosis a prevalence
notably higher than in age-matched populations
without surgical intervention [7]. This highlights the
critical need for routine osteoporosis screening in this
patient cohort, as well as the timely initiation of
therapies aimed at reducing fracture risk and
improving surgical outcomes [8].

According to estimates from the WHO and leading
clinical societies as of 2021-2022, up to 70% of
osteoporotic  vertebral body fractures remain
undiagnosed in a timely manner, often due to their
asymptomatic nature or presentation with nonspecific
complaints. This underdiagnosis significantly increases
the risk of subsequent fractures and worsens long-term
outcomes [9].

Stabilizing surgical interventions are typically
indicated in the presence of specific factors, including
spondylolisthesis, severe pain associated with
degenerative scoliosis, the need for extensive or
multilevel decompression involving facet joint
resection, and in cases of recurrent spinal canal stenosis
[10].

Vertebral compression fractures, particularly at the
thoracolumbar junction, are highly prevalent among
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older adults. In patients with osteoporosis, bone
architecture is significantly disrupted: osteoblast
activity is reduced, the balance between bone formation
and resorption is impaired, and the osteoconductive
and osteointegrative properties of bone are diminished.

2. Methodology

We conducted this review in accordance with the
PRISMA 2020 guidelines (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses). We
searched the international bibliographic databases
PubMed, Scopus, and Web of Science for relevant
literature published between January 2015 and April
2025. To identify eligible studies, we used the

following keywords and their combinations:

/7]

“osteoporotic vertebral fracture”, “pathological spinal

fracture”, “cement augmentation”, “expandable
pedicle screws”, “bicortical fixation”,
“vertebroplasty”, “kyphoplasty” and

“instrumentation in osteoporosis”.

We included original studies, randomized
controlled trials (RCTs), meta-analyses, and systematic
reviews that focused on the surgical treatment of
pathological vertebral fractures associated with
systemic osteoporosis. Specifically, we considered
studies that examined spinal stabilization techniques

3. Results

Spinal instrumentation techniques are increasingly
used in the treatment of complex spinal deformities,
including scoliosis and degenerative kyphosis.
Epidemiological studies have shown that scoliotic
changes are present in 36-48% of women with
osteoporosis, and severe deformity is frequently
associated with significantly reduced bone mineral
density [12]. Research has demonstrated that the
pullout strength of pedicle screws in osteoporotic
patients is markedly reduced, primarily due to
microinstability within the vertebral body and poor
engagement of the screw with trabecular bone. These
factors contribute to construct failure in up to 12% of
cases, particularly in multilevel fixation procedures [13,
14].

Early postoperative complications (within three
months) include failure of fixation components,
epidural hematoma formation, and compression
fractures of adjacent vertebrae due to increased stress
on load-bearing segments [14, 15].

Late complications, typically occurring after the
three-month postoperative period, include non-union
(pseudarthrosis), secondary fractures, loosening of

These changes lead to reduced construct stability
during transpedicular fixation, an increased risk of
spinal fusion failure, subsequent compressive events,
and progressive spinal deformity [11].

involving transpedicular fixation, cement
augmentation, expandable or bicortical screws, and
minimally invasive procedures such as vertebroplasty
and kyphoplasty. We also reviewed biomechanical
studies that assessed construct stability and clinical
outcomes following surgery.

We excluded narrative reviews without original
data, case reports, letters to the editor, studies
involving traumatic or neoplastic fractures, and
articles that lacked a clear description of surgical
techniques.

From the included studies, we extracted data on
the type of intervention, characteristics of spinal
fixation, use of cement augmentation, clinical
outcomes  (including  refracture  rates and
complications), and radiological parameters such as
local kyphosis, vertebral body height, and construct

stability.

fixation screws, adjacent segment compression, and
severe pelvic pain, particularly when iliac screws are
used. Additional issues may include discogenic
herniation, facet joint collapse, and proximal junctional
kyphosis (PJK), which often develops at the interface
between rigidly fixated and mobile spinal segments
(Figures 1, 2).

Proximal junctional kyphosis is especially
common among elderly patients with sagittal
imbalance and osteoporosis, and it increases the risk of
postoperative spinal instability and the need for
revision surgery. Contributing factors include
mismatch between the level of construct termination
and physiological transition zones, as well as

insufficient fixation length.
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Figure 1 — (A) Axial CT scan and (B) sagittal reconstruction showing bone destruction around pedicle screws (indicated by
arrows), characteristic of pseudarthrosis; (C) sagittal CT image demonstrating implant subsidence. (Image from the author’s
personal archive)

Figure 2 — Bone resorption around pedicle screws observed 12 months after surgery.
(Image from the author’s personal archive)

Figure 3 — A 59-year-old female patient presented with lower back pain that began three months earlier following heavy lifting,
later accompanied by neurological symptoms in the form of lower limb paresis. (A) T2-weighted MRI shows signal loss in the Th8
vertebral body. (B) CT scan reveals kyphotic deformity and collapse of the Th8 superior endplate. (C) Postoperative CT
demonstrates posterior decompression, anterior spinal fusion using a V-LIFT cage, transpedicular fixation with vertebroplasty,
restoration of sagittal alignment, and decompression of the spinal canal. (Image from the author’s personal archive)

Osteoporosis is a major risk factor in spinal
surgery, particularly in multilevel-instrumented spinal
fusion procedures [13]. In patients over the age of 65
who undergo instrumentation involving five or more
spinal levels, the most frequently reported
complications include compression fractures of the
uppermost adjacent segment and the development of
kyphotic deformity, which occurs in approximately
28% of cases [16]. Several studies have further
confirmed that proximal junctional kyphosis (PJK) is
the most common complication following long-
segment spinal stabilization [17].

The Scoliosis Research Society defines PJK as a
Cobb angle of >20° between the upper-instrumented
vertebra and the two vertebrae above it (see Figure 3).
Clinicians have identified this deformity in up to 39% of
patients, most commonly between the sixth and eighth
postoperative weeks. Key risk factors include advanced
age, compromised bone quality, and marked
preoperative sagittal imbalance. Approximately one-
third of patients who develop PJK require revision
surgery within the first five months due to construct
failure and spinal instability.
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A preoperative thoracic kyphosis exceeding 30°
has been identified as an independent predictor of PJK,

while effective correction of sagittal imbalance can
reduce its incidence from 45% to 19% [18].

Surgical Strategies for Pathological Vertebral Fractures in Osteoporotic Patients

Osteoporosis ~ significantly compromises the
reliability of spinal fusion and the stability of implant
fixation, particularly in elderly patients with low bone
mineral density. In response, surgical strategies have
been specifically developed to improve stabilization
outcomes in this vulnerable population. When
determining the optimal surgical approach, it is
essential to account for common failure mechanisms

Extended Instrumentation Techniques

One of the most effective approaches to improving
construct stability in osteoporotic patients is the
extension of the transpedicular fixation zone. It is
generally recommended to span at least three vertebral
segments above and below the pathologically altered
level. This extended fixation enables more uniform
distribution of biomechanical loads and reduces stress
on individual screws, which is especially important in
the context of low bone mineral density. This technique
is particularly relevant for elderly patients with spinal
deformities, who are at increased risk of implant
loosening and loss of correction [6, 19, 20].

An additional reinforcement option involves the
use of hybrid systems that combine pedicle screws with
sublaminar wires or hooks. These combined constructs
enhance the overall mechanical stability of the system,
reduce the likelihood of micromotion at the fixation
points, and promote improved fusion formation.

associated with osteoporotic bone, such as poor screw
purchase, micro-instability at the bone-implant
interface, and early loss of fixation. Modern surgical
techniques focus on addressing these challenges
through a combination of mechanical augmentation,
fixation constructs,

extended and biologically

supportive interventions.

Despite their biomechanical advantages, hybrid
systems remain limited in widespread clinical use due
to technical complexity and increased operative time
[10].

The incorporation of cross-links into the construct
is also considered a method for improving stability.
Cross-links reduce rotational and axial forces acting on
the instrumentation system and may help prevent
screw migration or mechanical failure. Experimental
studies have demonstrated that even a single cross-link
can increase the construct’s resistance to torsional forces
and screw pullout, especially in multilevel stabilization
procedures [21]. However, in osteoporotic bone, the
efficacy of cross-links may be diminished due to the
reduced holding capacity of the weakened bone tissue,
necessitating a more cautious and individualized
approach to their use in this patient population.

Technical Modifications in Pedicle Screw Placement

The stability of pedicle screw fixation depends on
a range of factors, including the anatomical and
geometric characteristics of the vertebrae, bone quality,
and the structural design of the implants. As
highlighted in several studies [13, 22, 23], these
parameters form the foundation for achieving solid
screw anchorage and overall construct reliability.
Among these, bone mineral density plays a particularly
critical role, especially in osteoporotic patients.

Reduced bone density has a direct impact on the
mechanical strength of fixation. Zhou et al. [24]
demonstrated that a decrease of just 100 mg/cm? in bone
mineral density leads to a reduction in holding strength
by approximately 10 kPa. Other authors have similarly
confirmed a strong correlation between bone
mineralization levels and pedicle screw pullout
strength [25].

One of the most crucial technical steps in screw
placement is the creation of the pilot hole. In
osteoporotic bone, the selection of the pilot hole
diameter is especially important. An excessively wide
hole compromises thread engagement with the
surrounding bone, while a hole that is too narrow
increases insertional torque and raises the risk of
cortical damage, including potential pedicle fracture.
Therefore, pilot hole diameter and depth should be
optimized based on the patient’s individual
morphometric features and bone quality [22].

In standard cases, tapping the screw trajectory
before insertion helps maintain control and reduces the
risk of trajectory deviation. However, in osteoporotic
bone, this step may actually weaken fixation by
disrupting the already fragile trabecular structure.
Studies have shown that in the lumbar spine, inserting
screws without prior tapping or using smaller-diameter
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taps results in higher pullout strength, indicating better
screw—-bone interface stability. In contrast, this trend is
not observed in the thoracic spine, possibly due to
anatomical differences in vertebral morphology and
cortical distribution [25].

Thus, the technique of pedicle screw placement
should be adapted according to the surgical level, bone
mineral density, and the specific clinical context.
Optimizing pilot hole preparation and selecting an
appropriate tapping method are critical steps in
improving fixation reliability in osteoporotic bone.

Bicortical fixation is based on utilizing the
mechanical strength of the cortical bone layer, which
offers significantly greater resistance compared to
cancellous bone. This technique ensures more secure
anchorage of the implant compared to traditional
unicortical fixation, which primarily relies on trabecular
bone. The method involves the insertion of small-
diameter, fine-threaded screws that pass through the
dense cortical shell of the vertebral arch and articular
processes, rather than only through the cancellous core
of the vertebral body as in conventional transpedicular
fixation [26, 27]. A key feature of this technique is the
reversed screw trajectory — extending from the medial
surface near the spinal canal toward the lateral side —
which allows engagement of denser cortical regions.
This trajectory enhances implant bone interface
strength, improving construct stability and resistance to
micromotion and pullout.

However, extending screw trajectories near
neurovascular structures carries specific risks. These
include potential injury to the sacral sympathetic trunk,
major vessels (such as the aorta and inferior vena cava),
and intra-abdominal organs—particularly during
instrumentation near the lumbosacral junction [28].
Therefore, bicortical screw fixation is typically

Modification of Pedicle Screw Design

One of the key strategies for improving fixation
reliability in osteoporotic spines involves the
optimization of pedicle screw geometry. Increasing the
screw’s diameter and length enhances pedicle fill and
improves contact with the cortical bone. By enlarging
the surface area between the screw threads and the
surrounding bone, the implant achieves greater holding
strength an especially important consideration in
anatomically vulnerable regions such as the sacrum.
Studies have confirmed that longer and wider screws
exhibit superior mechanical stability and significantly
reduce the risk of construct failure, particularly in
osteoporotic conditions [19, 22, 25].

performed in anatomically safe zones, such as cranial or
ventral to the superior endplate of the S1 vertebra,
where the risk of intraoperative complications is
considerably lower.

Biomechanical studies have shown that bicortical
screw placement substantially enhances rotational
stability and pullout resistance under cyclic loading
conditions, outperforming traditional anteromedial
screw trajectories in terms of construct durability and
mechanical reliability [23-24].

In the sacral region, surgeons often utilize a
tricortical screw trajectory, directing the implant
toward the apex of the S1 promontory. This approach
enables simultaneous engagement of three cortical
surfaces—the posterior, lateral, and anteriosuperior
walls of the vertebral body. Despite their smaller
diameter and shorter length compared to conventional
pedicle screws, cortical screws achieve higher
insertional torque and demonstrate greater pullout
resistance in osteoporotic bone [23].

To date, only one randomized clinical trial has
evaluated the outcomes of traditional transpedicular
screw placement versus cortical screw trajectory.
According to the results, the rate of solid bone fusion
assessed by CT at 12 months postoperatively was 89.5%
(n =39) in the conventional technique group and 92.1%
(n = 38) in the cortical screw group. Moreover, no
significant differences were found between the groups
in terms of leg pain reduction or Oswestry Disability
Index scores. However, the cortical screw group
demonstrated significantly reduced intraoperative
blood loss, shorter operative times, and decreased
incision length advantages attributed to the fact that
cortical screw placement does not require exposure of
the facet joints [27].

Screws with conical geometry are of particular
interest. These implants feature either tapered
threading, a tapered core, or both. Screws with a
constant outer diameter and a tapered internal shaft
generate a stiffness gradient along their length, which
enhances thread engagement with the trabecular bone
inside the vertebral body. This design is especially
beneficial for patients with low bone mineral density,
where traditional cylindrical implants may fail to
provide adequate fixation. Experimental data indicate
that conical screws achieve higher pullout strength
compared to conventional screw designs under similar
loading conditions [29].
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In patients with severe osteoporosis, conventional
transpedicular fixation may prove insufficient for
achieving reliable stabilization. In such cases,
alternative approaches are considered, including the
Midline Lumbar Fusion (MidLF) technique, which
involves the placement of screws along a medial
trajectory that primarily engages dense cortical bone
structures.  This  technique reduces surgical
invasiveness while maintaining adequate mechanical
strength, particularly for short-segment constructs.

Another widely used method to enhance fixation

in osteoporotic bone is cement augmentation. This can

be performed via two main techniques: (1) injection of
polymethylmethacrylate (PMMA) cement through
cannulated, fenestrated screws; or (2) pre-filling the
prepared pilot hole with cement using a bone access
needle prior to screw insertion. In both methods, a
robust cement “mantle” forms around the screw,
significantly improving resistance to pullout and
mechanical loosening. This technique is especially
beneficial in vertebral bodies with severely
compromised bone quality, where intrinsic bone
retention is inadequate for safe screw implantation [30]

(Figure 4).

Figure 4 — (A) and (B) Cement augmentation in osteoporotic vertebral bodies using cannulated, fenestrated pedicle screws.
Intraoperative fluoroscopic images in lateral and anteroposterior projections. (Image from the author’s personal archive)

Transpedicular Fixation with Cement Augmentation

In recent years, the use of cement augmentation to
improve the stability of pedicle screw fixation in
osteoporotic spines has gained increasing attention.
This technique involves injecting bone cement—most
commonly polymethylmethacrylate (PMMA)—into the
trabecular bone to form a rigid mantle that redistributes
mechanical loads and compensates for the diminished
holding strength of osteoporotic bone. By creating a
stable interface with the vertebral architecture, PMMA
significantly increases screw pullout resistance, with
reported improvements ranging from two- to five-fold
compared to non-augmented constructs. These effects
have been consistently confirmed by in vitro
biomechanical studies and clinical outcomes in high-
risk patient cohorts [31]. Cement augmentation is
particularly indicated in patients with severely reduced

bone mineral density and intervertebral instability,
where standard fixation techniques often fail to achieve
adequate mechanical reliability.

Cement delivery techniques include: (1) the use of
cannulated, fenestrated screws that allow direct
injection of cement into the vertebral body; and (2) pre-
filling the screw channel with cement before inserting
the implant into the stabilized bone [32]. Both
approaches aim to improve the biomechanical strength
of the fixation and reduce the risk of construct failure.
However, the procedure requires strict adherence to
technical protocols and careful control of cement
dispersion, as there is a risk of extravasation into
venous plexuses, the spinal canal, or surrounding soft
tissues

Risks of Cement Augmentation and the Use of Expandable Screws

Despite its proven clinical efficacy, cement
augmentation carries several potential complications
related to the use of bone cement. The most frequently
reported adverse events include cement extravasation
into venous structures, which may lead to
thromboembolic events, and leakage into the spinal
canal, posing a risk of neural compression. However,

existing data suggest that most of these complications
are asymptomatic and are typically identified only
through postoperative imaging. Nevertheless, these
risks underscore the importance of strict adherence to
procedural protocols and continuous fluoroscopic
monitoring throughout all stages of cement injection
[33].
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Expandable Pedicle Screws

As part of the ongoing search for optimal surgical
solutions in the treatment of osteoporotic vertebral
fractures, screw designs with mechanically expandable
components have been developed and introduced into
clinical practice [34]. These screws are equipped with a
specialized mechanism that allows expansion of the
distal portion of the implant—located within the
vertebral body—after insertion. Notably, the pedicle
itself remains intact, preserving the external anatomical
contour and reducing the risk of intraoperative injury
(Figure 5).

The expansion mechanism compresses the
surrounding trabecular bone, resulting in local
densification and improved mechanical interlock with
the implant. Experimental studies have demonstrated

that expandable screw designs can increase pullout

strength by up to 50% compared to conventional screws
in osteoporotic bone [35]. Additional stability gains can
be achieved when expandable screws are combined
with cement augmentation, where cement is introduced
after expansion to form a dense mantle around the
implant.

Despite their clear biomechanical advantages,
expandable screws also present certain limitations. A
major drawback is the technical complexity of revision
procedures, particularly when implant removal is
necessary. The tight engagement between the expanded
component and the surrounding bone often makes
extraction challenging and potentially traumatic,
rendering revision surgeries more invasive and
associated with greater risk [34].

Figure 5 —CT images showing expandable pedicle screws (A) and (B). The arrow indicates the expansion
zone within the vertebral body [34]

Prevention of Kyphotic Spinal Deformities

One of the most challenging aspects of surgical
management in patients with osteoporotic changes is
the prevention of postoperative kyphosis, particularly
deformity [36].
According to the kyphoscoliosis classification, two

when combined with scoliotic
primary types are distinguished: Type I is characterized

predominantly by lumbar scoliosis without a
significant rotational component, while Type II
involves pronounced kyphotic curvature accompanied
by vertebral rotation and substantial torsional
imbalance [37]. For Type I deformities, short-segment
instrumentation is often sufficient to achieve local
stabilization. In contrast, Type II kyphoscoliosis
typically requires long-segment fixation that addresses
both angular deformity and rotational imbalance.

The optimal surgical strategy for these complex
deformities remains a topic of ongoing debate.
However, most authors emphasize the importance of

thorough neural decompression to achieve durable

clinical outcomes. The prevailing surgical approach for
severe deformities includes multilevel laminectomy
followed by transpedicular fixation (TPF) that spans
either the entire deformity or the most unstable
segments [38].

To date, there is no universally accepted strategy
for preventing postoperative kyphotic progression.
However, both clinical experience and evidence from
the literature highlight several principles that may
reduce the risk of secondary kyphosis. These include
contouring the support rod to restore physiological
sagittal alignment based on the patient’s preoperative
kyphosis; using transverse process hooks on the
uppermost vertebrae to enhance terminal construct
stability; and avoiding fixation across segments with
pre-existing kyphotic deformity unless required for
neural decompression. Preoperative assessment of bone
density is

osteoporotic bone is a strong predictor of both construct

mineral particularly important, as
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failure and postoperative deformity progression.
Osteoporosis management prior to surgery is
essential

considered  an component of the

multidisciplinary  approach. ~Among additional

Clinical Approach and Case Observation

At our center, we apply a comprehensive
management protocol for patients with degenerative
kyphoscoliosis complicated by osteoporotic changes.
The surgical strategy involves thorough decompression
of neural elements within the spinal canal and long-
segment stabilization, either using transpedicular
systems or Midline Lumbar Fusion (MidLF) constructs,
depending on the anatomical and functional
characteristics of each case.

All procedures were performed under operative
microscopic visualization and included laminectomy
minimize

instruments to

using  microsurgical

preventive strategies, prophylactic vertebroplasty of
one or two levels above the instrumentation has been
proposed to reduce the risk of fractures and structural
failure in vulnerable adjacent segments.

neurological risks. As an illustrative example, we
present a clinical case from our practice involving a late
complication following percutaneous vertebroplasty.
The patient presented with progressive lumbar spinal
deformity and segmental instability that developed
after a previously performed minimally invasive
procedure. A combined surgical strategy was
employed, consisting of transpedicular fixation,
kyphotic ~ deformity  correction, and cement
augmentation of structurally compromised segments.

Further details are provided in Figure 6.

Figure 6 — Preoperative CT images demonstrating a type A3 compression fracture of the L1 vertebral body with spinal cord
compression (A, B). Postoperative CT scans obtained on postoperative day 1(C, D)

Minimally invasive techniques for vertebral body
reinforcement, such as vertebroplasty and kyphoplasty,
have become widely adopted in the treatment of
osteoporotic compression fractures, particularly in
elderly patients. These image-guided procedures are
performed percutaneously via a transpedicular
approach and allow for effective spinal stabilization
without the need for open surgery. Initially introduced
for the management of vascular spinal tumors—
specifically vertebral hemangiomas —these techniques
were later successfully adapted to alleviate pain
associated with osteoporotic fractures and to prevent
further vertebral body collapse [39]. Under real-time
imaging guidance (fluoroscopy or CT navigation), a
cannulated needle is inserted into the affected vertebra,
through which polymethylmethacrylate (PMMA) bone
cement is slowly injected. The cement infiltrates the
trabecular bone and hardens, stabilizing the fracture
site. This process leads to rapid pain relief by reducing

micromotion and restoring the vertebral body’s axial
load-bearing capacity [38, 39].

Kyphoplasty modifies traditional vertebroplasty
by introducing an inflatable balloon prior to cement
injection. Surgeons insert the balloon into the vertebral
body and carefully inflate it to partially restore
vertebral height and morphology, reduce kyphotic
deformity, and create a contained cavity for safer
cement delivery. After removing the balloon, they fill
the cavity with high-viscosity cement under low
pressure, which significantly lowers the risk of
extravasation beyond the vertebral body. Both
techniques reinforce structurally weakened vertebrae,
relieve pain, stabilize the axial spinal column, and
improve patient mobility and quality of life. Clinical
studies and practical experience consistently support
the safety and effectiveness of vertebroplasty and
kyphoplasty in treating osteoporotic vertebral
compression fractures, especially in patients without
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neurological deficits or severe segmental instability.
Figure 7 presents a clinical example demonstrating
successful use of this approach in a patient with an

osteoporotic fracture complicated by spinal deformity

and pain.

Figure 7 — Preoperative CT scans of a patient with a pathological vertebral fracture due to osteoporosis in the remote period after
vertebroplasty (A, B). Postoperative CT scans obtained on day 2 following revision surgery (C, D, E).
(Image from the author's personal archive)

Extensive clinical research and guidelines from
leading professional organizations confirm that
vertebroplasty and kyphoplasty are safe, effective, and
evidence-based treatment options for patients with
symptomatic osteoporotic or neoplastic vertebral
fractures, provided that proper indications and
procedural standards are followed [32].

These interventions are particularly appropriate in
cases where conservative treatment fails to adequately

4. Discussion

A review of the literature indicates that surgical
treatment of osteoporotic vertebral body fractures
presents a number of biomechanical, technical, and
prognostic challenges, requiring a comprehensive and
individualized approach to the selection of stabilization
methods. All current techniques offer both advantages
and limitations, which depend on bone quality, the

control pain, leading to reduced mobility, deterioration
of general condition, and diminished quality of life. Due
to their minimally invasive nature, rapid recovery, and
high likelihood of clinical improvement, vertebroplasty
and kyphoplasty remain valuable tools in the
management of compression fractures associated with
systemic osteoporosis.

anatomical level of the lesion, and specific clinical
indications.

Open transpedicular fixation remains the standard
approach in cases of severe instability, spinal canal
stenosis, or multilevel deformity. However, in elderly
patients with osteoporosis, this technique is associated
with a high complication rate. The most common
complications include screw loosening, nonunion
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(pseudarthrosis), and proximal junctional kyphosis
(PJK), which has been reported in up to 39% of cases
involving long-segment constructs [17]. Extending the
fixation span and incorporating additional stabilizing
elements, such as hybrid constructs, may partially
reduce these risks but at the cost of increased
invasiveness and additional stress on adjacent
segments [21]. Furthermore, the mechanical strength of
conventional screws remains limited in osteoporotic
bone due to reduced thread engagement with the
trabecular structure [22-24].

Expandable pedicle screws represent a logical
evolution in improving implant anchorage without the
need for cement augmentation. These screws have
demonstrated superior pullout resistance and
compressive stability through mechanical expansion
within the trabecular bone following insertion [33].
They are particularly beneficial in patients with severe
osteoporosis for whom cement use is undesirable.
However, their widespread adoption is limited by high
cost, lack of universality, and technical difficulties
during implant removal. Additionally, the current
literature lacks sufficient long-term follow-up data to
definitively recommend these devices as a first-line
option.

Minimally invasive techniques vertebroplasty and
kyphoplasty have demonstrated high efficacy in the
treatment of stable osteoporotic compression fractures
deficits.  Their
advantages include rapid pain relief, restoration of

without neurological primary
mobility, and a low invasiveness profile [38, 39].
Kyphoplasty offers additional control over vertebral
body deformation through the use of an inflatable
balloon. However, both procedures have limitations in
cases of instability, significant kyphosis, or neural
compression, where they fail to provide sufficient
segmental stabilization [3, 27].

In this context, cement augmentation remains one
of the most effective strategies for enhancing fixation
strength. Randomized trials have shown that vertebral
body cementation increases pedicle screw pullout
strength by a factor of 2 to 5 and helps maintain
construct stability even in the presence of low bone

5. Conclusions

Osteoporosis significantly complicates the surgical
management of spinal disorders by increasing the risk
of instability and postoperative complications. This
necessitates the adaptation of stabilization strategies
based on bone quality. Contemporary techniques—
including cement augmentation, expandable and

mineral density [30, 35]. The use of cannulated,
fenestrated screws for intravertebral cement delivery
has proven effective in reducing micromotion and
preventing screw failure [4, 32]. Nevertheless, this
technique requires strict adherence to procedural
protocols, as the main concern lies in the risk of cement
extravasation into venous structures or the spinal canal,
which may lead to embolic complications [31].

Several studies have demonstrated that the
optimal strategy for managing unstable osteoporotic
fractures involves combining transpedicular fixation
with cement augmentation of the screws and/or
vertebral bodies. This approach provides high
biomechanical stability, reduces the risk of screw
loosening — particularly in the lumbar spine and lowers
the likelihood of adjacent-level kyphotic deformity
when the fixation termination level is appropriately
planned [6, 30]. Comparative studies have shown that
short constructs involving four vertebrae, when
supported by cement augmentation, offer stabilization
outcomes comparable to those of traditional long-
segment constructs, while also resulting in fewer
surgical complications, reduced intraoperative blood
loss, and shorter operative times [26, 12].

From the perspectives of effectiveness, safety, and
accessibility, cement-augmented transpedicular
fixation currently represents one of the most rational
and balanced surgical options for treating osteoporotic
fractures—particularly in elderly patients with
significantly reduced bone mineral density. When
combined with minimally invasive techniques, such as
vertebroplasty at the affected level, this method further
enhances construct stability while minimizing surgical
trauma [35].

However, surgical intervention alone is not
sufficient to ensure long-term clinical success.
Comprehensive treatment must also include
osteoporosis-targeted pharmacotherapy and structured
rehabilitation. A multidisciplinary approach remains
the only reliable strategy to reduce the risk of recurrent
fractures, improve patient quality of life, and minimize
disability in this high-risk population [8, 5].

fenestrated screws, and minimally invasive
procedures—have improved fixation reliability and
clinical outcomes. The growing number of surgeries for
osteoporotic fractures reflects not only the increasing
prevalence of the condition but also advancements in

surgical technology. Combined approaches, such as
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transpedicular fixation with vertebroplasty, have
proven effective in reducing construct failure,
particularly in elderly patients with severe
osteoporosis. Percutaneous techniques for stable
fractures demonstrate clinical outcomes comparable to
those of open surgery while offering lower surgical
morbidity. However, no technique can be considered
complete without achieving stable spinal fusion. Only
the integration of surgical, pharmacological, and

rehabilitative strategies can ensure safe and long-term
recovery in patients with osteoporotic spinal pathology.
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Tyiingime

OMBIpTKa AeHecCiHiH MaTOAOTUAABIK, OCTeOIIOPO3AbIK CHIHBIKTaphl erJe >KacTaFrbl HayKacTapja >Kui KedjeceTiH
JKoHe KAMHUKAABIK >KarblHaH KypAeai ackbplHyadapAblH Oipi Goabmm Tabpiaassl. Cyliek TiHiHIH MUHepaAAbIK
TBIFBI3ABIFBIHBIH TOMEHJEYi OMBIPTKA KYPbLABIMAAPBIHBIH TYPaKTBIABIFBIH TOMEHAETIN, oIlepanusjaH KeiHri
MeXaHMKaAbIK TYPaKChI3ABIK KayITiH apTTeIpasbl. bya moay PubMed, Scopus xone Web of Science sgepekkopaapsiHaa
2015 >xprarel KaHTap MeH 2025 >KBIAFBL COYip apaAbIFbIHAA >KaplsadaHFaH 3eprreyaepai Taadanasl. Iloay KypaMbiHa
OCTEOIIOPOTUKAABIK ~ OMBIPTKA  CBHIHYBIH  XMPYPIMAABIK, €MJeyre apHaadraH TYIHYCKAaAbIK  Makasdaaap,
paHJoMM3aUMAAaHFaH OaKblAayAbl 3epTTeylep, MeTa-Taljayap >KoHe XXyiieai IIoAyaap eHrisiaai.

Kasipri 3amaHFBI XUPYPIUAABIK TaCiAgep OCTEONOPOTUKAABIK OMBIPTKa IMAaTOAOTMACH Oap HayKacTapaa
¢ukcanusHBIH OepiKTiriH apTTHIpPyFa >KoHe KAMHMKAABIK HOTIDKeAepAi KaKcapTyra OarpiTTaaraH. bya moayaa
LIeMEHTIIEH KYIIEeNTiATeH TpaHCIIeAUKYASIPABIK OypaHaalap, KeHeTideTiH >KoHe Teciri Oap wMMIIAaHTTap,
KOPTHMKaAbAbl TpaeKTOpV: OOVBIMEH OpPHATBIAATBHIH >Kylledep, COHAali-aK BepTeOpoIllacTMKa MeH KudoIllacTuka
CUAKTHI Killli MTHBA3MBTi 94icTep KapacThlpblaajbl.

Oebu JepekTep KoOpceTKeHJell, CylieK ILleMeHTiH KoadaHy OypaHJadapAblH OepikTiriH eaayip apTTBHIPHII,
acKbIHyAapAbIH >Xuiairin asairaasl. Kudonaacruka depopManuisiHbl Ty3eTyre >KoHe aybIPCBIHYABI a3aliTyra THMiMAi
MYMKiHAiK Gepeai.

XupyprmusaaplK TaKTMKaHBI >KOCIlapAayAa CyMeK camachl MeH aHaTOMMAABIK epeKIleAikTepai ecKkepeTiH
JKeKe/AeHAipiAreH Tacia4iH MaHbI3AbIABIFEI aTal eTizeai. MyHaail ke3Kapac KaliTadaMa ollepanysaiapAblH aaAblH alyFa
JKoHe y3aK Mep3iMai TypaKTHIABIKTH KaMTaMachl3 eTyTe MyMKiHAIK Oepeai.

Tyltin ce3aep: OCTeonopo3, OMBIPTKAHBIH IaTOAOTMAABIK, CBIHYBI, TPAHCIIeAUKYAAPABIK OeKiTy, IJeMeHTTIK

ayrMeHTaIu:1, KeHelieTiH OypaHAaaap, Ku¢oIriaacTika, BepredporiaacTmka.
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Pe3iome

Ocreonoporuyeckre IepeAoMBl TeA IIO3BOHKOB SBASIOTCS OAHUMM M3 HauboJlee YacTBIX U KAMHMYECKU
3HAYMMBIX ITOCAEACTBMII CHCTEMHOTO OCTEOIIOpO3a, OCOOEHHO Yy IIallMeHTOB IIOXKMAOro Bospacra. CHirKeHme
MIHEpaAbHOI IIAOTHOCTYM KOCTHOV TKaHM YXyAlIlaeT CTaOMABHOCTh CIIMHA/ABHBIX (PUMKCATOPOB ¥ IIOBBIIIAET PUCK
I10C/€O0IIePallVIOHHO KOHCTPYKTMBHOI HECOCTOATEABHOCTM. B paMKax 0030pa IIpoaHaAM3MPOBaHBI MCCAeJOBaHIL,
orrybAMKoBaHHBIE B Oazax gaHHBIX PubMed, Scopus 1 Web of Science 3a nepunoga c ssuBapst 2015 mo ampeas 2025 roga.
BkalOueHBI OpUIMHa/ABHBIE CTaThll, PaHAOMU3UPOBAaHHbIE KOHTPOAMPYEMBIe WCCA€AOBAHMSA, MeTaaHaAM3Bl U
crcTeMaTnyecKyie 0630pBl, ITOCBSIIEHHBIE XMPYPIMYECKOMY A€4eHUIO OCTEOIIOPOTUYECKIX IIePeA0MOB II03BOHOYHIKA.

O630p ocBellaeT COBpeMeHHbIe XUPYPIriIecKye II0AX0Abl, HallpaBAeHHBbIe Ha ITOBHIIIeHe IPOYHOCTH pUKCalu
U yAydllleHre KAVMHIYECKNX Pe3yAbTaToB y Ial[leHTOB C OCTEOIIOPOTUYECKMM IIOpa’keHneM I1o3soHoYHMKa. Ocoboe
BHUMaHIE yAeAseTCAd IPUMEHEHUIO TPaHCIIeAUKYASPHBIX BUHTOB C IIEMEHTHOI ayrMeHTaluel, pacIIMpsIeMBIX U
(JeHecTpupOBaHHBIX MMILAaHTATOB, CUCTEM C OIOPOIl Ha KOPTUKA/AbHBIE CTPYKTYPBl, a Tak’ke MaJlOMHBAa3MBHBIX
BMeIIIaTeAbCTB, TAKMX KaK BepTeOpoILaacTuka 1 KugoIriiacTuka.

JaHHBIe AUTepaTyphl AeMOHCTPUPYIOT, YTO BBeJeHMe KOCTHOIO IleMeHTa CYyIIeCTBEHHO IIOBBIIIaeT
YAEP>KMBAIOIIYIO CIIOCOOHOCTh BMHTOB M CHIDKAeT PUCK IIOCAeOIepalllOHHBIX oOcAoKHeHuit. Kudonaacruka
AOTIOAHUTEABHO II03BOASIET KOPPEeKTUPOBaTh gepopManyy 1 9PPeKTUBHO KyIpoBaTh 60A€BOI CMHAPOM.

ObocHoBaHa HEOOXOAVMOCTh MHAMBUAYAAU3MPOBAHHOTO XUPYPTUYECKOTO IaHMPOBaHMA C YIETOM KadecTsa
KOCTHOJ TKaHU Y aHaTOMMYECKUX OCODEHHOCTell IopakeHus. Takoil moaxo4 KpUTMYECKU BakeH AAsl CHVDKEHUS
BEpPOSITHOCTY IIOBTOPHBIX OIlepallnii 1 00ecIiede s 40ATOCPOYHOI cTabyAM3any II03BOHOYHNUKA.

Karouespre caoBa: OcTeonopos; maTOAOTMYECKMiI IepeaoM ITO3BOHOYHMKA; TPaHCIIeAUKyAsIpHas (PUKCAITS;

IIeMeHTHasl ayTMeHTallVsl; pacIInpseMble BUHTH; K(OoIllacTUKa; BepTeOporaacTuka.
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MOAMPUIIMPOBAHHOTIO IIpOTOKOAa IloHCceTn

Tpodumuyk B.A. !, Cokoaos P.10. 2, Axymabekos b.A.3, Jocanopa A.A.#

1 Accucrent kadeapsl geTckon xupyprun, Meauiuncknii yausepenreT Acrasa, Acrana, Kasaxcran
2 /leTcKmii OpTOlIIeA-TpaBMaToAor, OTAeAeHNe opToneAun u peabuantauyy, MHorornpodguapHas
ropoAckas getckas 6oapHuna No2, Acrana, Kazaxcran

3 JleTcKmii OpTOIIeA-TpaBMaTOAoI, OTAeAeHNe opToreAun u peabuanranny, MHorornpodguapHas
ropoAckas getckas 6oapHuna No2, Acrana, Kazaxcran

4 Bpau- unrepH, Meannuncknit Yausepcuter Acrasa, Acrana, Kaszaxcran

Pe3ome

Manonatudeckast BpOXKJAeHHas KOCOAAIlOCTh  sIBASETCsl OAHOM 13 Hamboaee
pacpocTpaHEéHHEIX OPTOIleANYEcKNX depopManuii y HOBOpOXKAEHHbIX. HecmoTpst Ha
ToBceMecTHOe Mpu3HaHMe MeToAa [ToHceTn B KauecTBe 3040TOTO CTaHAApTa AedyeHus,
OCTaéTcsl aKTyaAbHON IpobaeMa peluAUMBOB, OCOOEHHO IPU TSKEABIX M aTUITMIHBIX
Popmax.

Ileapio HacTOAIIETO CCAAOBAHM SIBASIETCA aHAAN3 ICTOPUIECKOI DBOAIOIINIU METOA0B
AeJeHuss  KOCOAalloCTM UM oOIeHKa  9(PQPEKTUBHOCTM  KAACCUYECKOIO MU
MOAMQPUIIMPOBAaHHOTO IIPOTOK0A0B IToHCeTI Ha OCHOBE KAMHIYECKOTO OIIbITA.
Metoapnl. IIpoBeseH peTpocnieKTUBHBIN aHaan3 AaHHBIX 100 rmaimeHTOB ¢ BpOKAeHHOM
KOCOAAIOCThIO, IIOAYYaBIINX AeueHle B MeAUIIHCKOM IleHTpe «KMHeTHK» B Mepuos c
2021 o 2024 roga. ITamueHTs! Ob1AM pa3AeleHbl Ha ABe IPYIIIBI: KOHTPOABHYIO (n=59),
MoAy4aBIIyIO AedeHle Mo KAaccudeckoMy mpotokoay IToHcetn, n ocHoBHYIO (n=41) —
110 MOAU(PUIIMPOBAaHHOMY IIPOTOKOAY. Bce mareHTs! orjeHnBaAnch 1o mkase [upanny,
MPOBOAMACS aHaAN3 YaCTOThI pelIUAUBOB, KOAMYeCTBa STAIlOB IUIICOBAHM I XapaKTepa
Aedopmarniun.

PesyabpTaThl TOKasaam, 4To MOAMQUIIMPOBAHHBIN IPOTOKOA oOecreunBaeT 0Oosee
HaA&XHYIO KOPPeKIMIO IpM aTUIMYHBIX (POopMax M TKEABIX CTeIeHsAX TUIIMIHON
KOCOAAIIOCTY, CHIDKasl PpUCK penuausos ¢ 12,3% g0 7,3%. Vicnoas3osanmne
AOIIOAHMTEABHOTO BTalla TUIcoBaHMA U AN¢QepeHIPOBaHHON TeXHUKU (PUKCAIIUN
IIO3BOAMAO AOCTUYDL YAY4IIeHMs (PYHKIIMOHAABHBIX MCXOAOB ¥ IIOBBICUTHL yPOBEHb
KOMILA1a€HTHOCT.

Brisoabl. [loaydyenHsle gaHHBIE IOATBEPKAAIOT 11€4€C000pa3HOCTh MHAUBUAYAAU3AI AN
nporokoaa IToHceTM B CAOXKHBIX KAMHUYECKMX CHUTyalysax. MoauduiimpoBaHHBII
II0AXOJ JAeMOHCTpMUpyeT TIIOTeHIMaAd K YAYYIIeHUIO JOATOCPOYHBIX Ppe3yAbTaToB
AedeHns BPOKAeHHOM KOCOAaIoCT.

Karouesble caoBa: xocoaanocTs, MeTo/ IToHceTn, MoAMUITMPOBaHHEI IIPOTOKOA,
peunauBel, mkaaa Ilupann, opromeaus.
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1. BBeaenmne

]/LZLI/IOHaTI/ILIeCKa}I BpO>XA€HHasl KOCOAAIIOCTh —

oigHa 13 HamboJee  YaCTBIX  OPTOIEAMYECKNX
Aedopmanuii, BcTpevalomrascsa ¢ yacToToii ot 1 40 1,8
Ha 1000 nHoBOpOXAeHHBIX [1]. Bes cBoeBpemeHHOI
KOPpeKILMM IaTOAOTUsA IIPUBOAMUT K BBIPa’KeHHOMY
HapyILIeHUIO OIIOPOCITOCOOHOCTH CTOITHI,
OTPaHMYEHNIO IOABVIKHOCTH, 004N ¥ IIOCAeAyIOIIen
MHBaAUAM3auuu. Vicropudeckn aedeHne KOCOAAIOCTI
MPOIIAO AOATUI IyTh — OT SMIIMPUUIECKUX U 3a9acTyIO0
TpaBMaTUYHBIX ITOIIBITOK KOPPEKIINM B aHTUYHOCTHU A0
COBpeMeHHBIX, HayJHO OOOCHOBaHHEIX MeTOJOB,
MO3BOASIOITNX AOCTUYD aHaTOMMYECKOM "
¢yHKIIMOHAABHOI KOppeKIuu [2-7].

C xoHma XX Beka MeTo40M BBIOOpa BO BCEM MIUIpe
CTal TIpOTOKOA, paspaboraHHb Jrnacuo Iloncern,
BKAIOYAIOIINII STalTHOe TMIICOBAHMeE, aXMAAOTOMMUIO I
rocaeAyioniee HomreHne 6pericos [8-11]. Ilpu crporom
coDAIOgeHUM IIpOTOKOJAA MeTOJA  AeMOHCTpUpYeT

sppextusHOCTE 40 90-95% caydaes, ocoOeHHO IIpu

2. Marepuaabl 1 METOABI

IIpoBoaMAOCH  PETPOCHEKTUBHOE  KOIOPTHOE
uccaeAOBaHMe,  HallpaBAeHHOe  Ha  CpaBHEHUe
¢ PpexTuBHOCTU KAaCCUYeCKOro "

MOANPUITMPOBAaHHOTO IIPOTOK0A0B MeToJa IloHceTn y

ITallVIeHTOB C BpO)KAéHHOIZ I/IAI/IOHaTI/I‘IeCKOI?I

KOCOAaMOCThIO. HabamoaeHne  mpoBOAMAOCH B
MeAMUMHCKOM LeHTpe «KnHeTuk» (AcraHa) B Iepuod c
2021 mo 2024 r1oa. B wmccaeaoBaHme BKAIOUEHEBI
MTaIJMeHTH C TsDKeAbMU opMaMM THUIINYHOM U
aTUIIMIHON KOCOJAIlOCTM B Bo3pacre 40 5 aeT. Bee
poauTean Jaau NMUCbMeHHOe MHQPOPMUPOBaHHOE
coraacmue. B nccaeagosanne sxkarounan 100 mmarimeHToOB B
BO3pacTre A0 5 AeT C TsKeAOW CTeNeHbI0 TUIINMYHON
KOCOAIIOCTY MAU aTUINYHON $OpMOIl 3a00AeBaHIL,
YTO TO3BOANMAO COCPEAOTOUNTHCS Ha Haubolee
CAOXKHBIX KAMHMYECKUX caydasx. CpeaHuit BO3pacT
HalMeHToB cocTasua 7,63 + 7,21 Hegean. KontpoabpHas
rpyIIia BKAaodada 59 nanueHTos (65 cTom), 13 HUX 6 ¢
ABYCTOpPOHHeII ” 53 C OAHOCTOpOHHeN (POPMOIL.
OcnosHas rpynna — 41 nariuent (55 crom), u3 Hux 14 ¢
ABYCTOpOHHelI 1 27 ¢ ogHOCTOpoHHel ¢opmoit. B
KOHTPOABHOI1 IpymIle mpeobaajasa TnmdHas Gpopma
Kocodamoctu (43  caydas), aTtunuuHas ~¢opMa
BCTpedadach pexxe (16 cayuaes); B OCHOBHOI IpyIliie
TUyaHeIX popMm Obrao 31, atmmmuabeix — 24. Y 15
MaI[MeHTOB ’Ke OTMeYaAlCh pelVAUBEI, B KOHTPOABHOI
rpynme 10 penmausoB, a B OCHOBHOM TIpymnme 5
MalJMeHTOB C PeljMAMBOB OTAMYAIOIIUXCS 10 IIpUYMHE

TunugHOn popme gedpopmannn. Tem He MeHee, Ipu
TSDKEABIX VAV aTMINYHBIX  JopMax KOCOAAoCTU
BEpPOATHOCTH PeLIMAVBa OCTaeTCsI BBICOKOI U AOCTUTaeT
20-25% [12-14].

C measio mosbiIeHNst  3QQPEKTUBHOCTY U
agantanuyn Meroda IloHcetm Kk 0oaee CAOKHBIM

KAMHUYECKUM caydasim IpeAAOKeH
MOAUPUITUPOBAHHBIN IIPOTOKO4, BKAIOUAIOIINI
AOIIOAHUTEAbHBIE DTaIIbI TUIICOBAHIAS u

VHAVUBUAYAAU3MPOBAHHYIO CTPATeTMI0 KOPPeKLNI.
Boripoc o0 1eaecooOpasHOCTM €ro  IIpMMeHeHMs
OCTaeTcs IpeJMeTOM AVCKYCCHUM.

Ileapro  gaHHOTO  MCCACAOBAHMS  SBAAETCS
IPOBECTM  CPaBHMUTEALHBII  aHAAU3  Pe3yAbTaToB
AeYeHNs BPO>KAEHHO KOCOAaIlOCTH 110

KAaCCUIeCKOMY U MOAMPUIIMPOBAaHHOMY IIPOTOKOAaM
Iloncern, a TakXke cuCTeMaTU3MpPOBaTh BHBOAIOLNIO
II0AXOA0B K AaHHOI I1IaTOAOTMU Ha OCHOBE MCTOPMKO-
Hay4YHOTO aHaAN3a.

BO3HIMKHOBEH. OcHoBHEBIE IIPpUYMHBI KOTOPBIX

BKAIOYAAU HEeAO0CTaTOYHYIO KOMILAa€HTHOCTb
poauteseit (TunmuHas ¢opma) U HepaBHOMEPHBIN
poct pebeHka (aTunmyaHas Gpopma).

Kputepmsimmu  BkAlOWEHMsI B 1CCAejOBaHIe
SIBASIAUCh BO3pacT 40 5 AeT M HaAu4dMe AMarHO3a
«BpoxxaenHas KOCOAAIIOCTh» TUITMYHONI AN
aTUIINYHO (POPMBIL.

KpurepmsiMun  mMckAOueHUsI  CTaAu  BO3PaACT
crapire 5 2eT, a TakXe Apyrue BUABI KOCOAAIIOCTH,
Take KaK HelpolaThyeckas, CHUHAPOMaibHasl,
MMO3ULIMOHHAS AU BEPTUKAABHEIN TapaH.

Memoodvl KAUHUYUECK020 UCCAe)08AHUS

Ouenka crenenn Aedopmaruy IpoBoAMAACh C
JCIIOAb30BaHUEM IIIKAABI INupann, KOTOpast
IpeAcTaBAsdeT COOOV TIPOCTYIO CHCTEMY IIOACYeTa,
OCHOBaHHYIO Ha IIecTM KAMHMYEeCKMX IIpM3HaKax
aepopmannu (Tabanma 1).

A5 OOBEKTUBHOI OLIeHK! CTelleHn gedpopMariim
UCII0Ab30BaJach mKada I Iupany, BKArouaomas mecTb
Kputepuesp: crubareabHas  KOHTpaKTypa  CTOIIBL
aAAyKOus IIepejHero OTAeAa, Bapyc IATKA (CpeAVHHBIE
KOMIIOHEHTHI), a TaK’Ke CMellleHIe TOA0BKM TapaHHOI
KOCTH, KaBYC (BBICOKMUII CBOJ, CTOIIBI) M 3a4Hs CKAaAKa

Ha IIATKe (AaTepaAbHble KOMIIOHEHTHI).
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Kaxkaplii 13 IIpM3HAKOB  OLIEHMBAACA IO
TpéxbaaapHOV cucreMe, rde (0 6aa10B oO3Hadaa

orcyrctue mnartoaorny, 0,5 6asaa — yMepeHHYIO

BRIpaK€HHOCTh, a 1 0aaa —  BBIpakeHHYIO
depopmanuio. MakcumaabpHas OLleHKa IIO IIKaJde

IInpanu cocraBasaa 6 6aa10B.

Tabauua 1 — Kpumepuu ouenxu cmeneru depopmayuu cmonot no uikare [uparu

ITpusnak Oraea cTombl Onenka 0 Ouuenka 0,5 Ouenka 1
BrrpaskeHHOCTD 3a4Helt 3aaHui1 oTaea OrcytcrBue YMepeHHO T
sSIKeAast
CKAAAKU AedpopManun BBIpa’keHHas
AedpopManus
Aedopmarnyst
BricoTra cTostHUS IITKU 3aaHui1 oTaeA OrcytcrBue YMepeHHO
Tsxeaast
AedpopManun BBIpa’keHHasl
AedpopManus
Aedopmaryst
Purnanocts skBMHYyca 3aaHui1 oTaeAa OrcytcrBue YMepeHHO
Tsxeaast
AedpopManunu BBIpa’KeHHas
AedpopManus
Aedopmariyst
Vckpusaenue Cpeanmit OrcyTtcrBre YMepeHHO T
sSIKeAast
Hapy>KHOTO KOHTypa oraea aedopmariu BBIPa>KEHHas
py yp Jpop p Aedpopmar
CTOIIBI Aedopmariyst
BrrpaskeHHOCTD Cpeannmit OrcytcTBre YMepeHHO T
N sSIKeAast
[IOAOIIIBEHHOT oraea AedpopManunu BBIpa’KeHHas
N AedpopManus
MeAVaAbHOM CKAAAKU Aedopmariyst
ITosumusa Hapy>KHOI Cpeanmit OrcyrcrBue YMepeHHo T
soKeAast
YacTu TOAOBKIU orzea Aedopmanuu BBIpa>keHHas
. Aepopmarius
TapaHHOI KOCTU AedopMmarus

Aas1 OOBEKTUBHOI OLIeHKU cTelleHu gedpopMannmu
MCII0AB30BaJach mKada IInpany, BKAIOUaromas mecTb
Kputepmesp: crubaTeabHas KOHTpaKTypa  CTOIIBL
aaAyKUMs IIepeAHero oTAeAa, Bapyc ITKU (CpeAUHHbIe
KOMIIOHEHTEHI), a TaKXKe CMellleHIe TOA0BKI TapaHHOI
KOCTH, KaBYC (BBICOKIII CBOJ CTOIBI) U 3a/Hss CKAajKa
Ha IIATKe (AaTepaabHble KOMIIOHeHTHI). Kakapiin ms
IIPU3HAKOB OLIEHNBAACS I10 TPEXOAAABHOI CUICTEME, TA€e
0 baaaoB o3Havaa orcyTcTBue maroaorny, 0,5 6aaaa —
YMepeHHYIO BBIpa’keHHOCTDh, a 1 6aaa — BhIpakeHHYIO
dedpopmanuio. MaxcumaabHas OIleHKa IO IIIKaje

ITnpanm cocrasasiaa 6 6a110B.

Ipumenernue memoda Iloncemu 6 Koppexuuu
KOCOAANOCMU:  KAACCUMECKUU U MOOUPUUUPOGAHHDILL
100x00

Kaaccuueckmit metog IloHcetm BKaO4aeT Tpu
OCHOBHBIX DTalla A€4YeHI:

Drar KOppeKIIN TUIICOBBIMU MOBI3KaMIU:
TTo»TamHoe TUIICOBaHVIE C HOCAe,ZI,OBaTeAbHOIZ
Aedpopmanuy,
BKAIOYasl yCTpaHeHle KaByca, IIpuBeJeHle IIepelHero

KOppGKLU/IGf/I BCex KOMIIOHEHTOB
oTAeJa CTOIIbI, Bapyca IIFITKM I, Ha 3aKAIOYNTEAbHOM
YTalle, SKBIHYCa.

Drtann  axXuAAOTOMIUIL: 3aKpbITasi axmnAaAA0TOMII
MeTOoA0M axmAaAa0Ba

ITIOAKO>KHOIO IrepecevyeHm:1

CYXOKMAVS 4451 OKOHYaTeAbHOM KOPPEeKI MY DKBUHYCA.
B TymmyHBIX caydasx ®Ta mporedypa oOecIiednmBaeT
yBeAdeHMre  THIABHOI  (paekcum  CTOOBl  Ha
aonoanuteapHsle 20 rpaaycos. Ilocae axmaaoromun
crona (UKCUPYeTCsl TUIICOBOM IIOBA3KOM Ha CPOK 3
HeAeAl, 4TO M03BOAsIeT AOCTNYb THLABHON (pAeKCHM A0
30 rpagycos, obecrieunBas ONTUMAaAbHYIO KOPPEeKLIMIO
dedpopManuyt U YCTOMYMBHI  (PYHKIMOHAABHBIN
pesyabTar.

Oran HomeHus Opericos:Ilocae cHATMA TUIICOBOI
MOBA3KM HauyMHaeTcsl »Tal AAUTEABHOTO HOIIeHM:
OpeiicoB, KOTOPHBINI UIPaeT KAIOYEBYI0 pOAb B
npeAOTBpallleHNt  peluAMBOB M  3aKpeIaeHUN
AOCTUTHYTOTO pe3y/AbTara.

IIpn Ttvmmunoit ¢gopme KOCOAANOCTU  AAs
AOCTVKEHIs TI0OAHO KOppeKLny TpeOyeTcs B cpedHeM
6 9TaIIoB IMIICOBAaHM, a IIPU aTUIINYHONI popme — 7-8
DTaIlOB, C 003aTEABHBIM IIPOBEAEHNEM aXUAAOTOMUN
AAsl yCTpaHeHMs DKBMHYCHOTO KOMIIOHEHTa B OOOIX
cAydJasix.

Aast  AedeHUST TSKeAOUW CTeNeHU TUITMIHONM
KOCOAAmoCTM ¥ aTUINYHOM (QOpMHI 3ab04eBaHIs
puMeHseTcs: MoANpUIIMpoBaHHEIT MeTog [loHcern,
npeaycMaTpuUBaIOINil ~ BHECeHME M3MEHEeHMII Ha
BTOpOM 3Tare aedeHns. [Tocae mposesenns 3aKpbITON

axmaaoroMmum  1npm  AaHHBIX Cl)OpMaX BO3MO>KHO
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COXpaHeHIe PUTMAHOCTH HKBUHYCA, YTO IIPEIATCTBYET
HOPMAa/ZbHOMY OTBEJEHUIO IIATOYHONM KOCTU IIOJ,
TapaHHO KOCTBIO. DTO CO34aeT IMPeAIIOCBIAKN A4S
paHHero peniuausa AepopMarun.

Aas  ycTpaHeHMsI AaHHOTO pUCKa BBOAUTCS
AOTIOAHUTEABHBIN BTaIl I'MIICOBAHNS, HaIlpaBAEHHBIN
Ha JOCTIDKeHNe TBIABHON (Paekcum crombl Ao 30
rpaaycos. Takoill I104X04 IT03B0AsIeT 00ecrIednTs Hoaee
MIOAHYIO KOoppeKumuio gedpopmanum 3aliHEro OTela
CTOIIBI, MUHNMMM3MPOBATh BEPOSITHOCTh BpadeOHBIX
ommnboOK U

CHMU3UTb PpUCK peumausos [15].

3aBepIIaomum DTAIOM AeUYeHUS ocCTaeTcs
AAUTeABHOE HOIIleHMe OpelicoB, KOTOpOe urpaeT
Ba’KHEJIIYIO POAb B HPeAOTBpallleHNy PeliuBOB U
obecrieueHU U yCTOMYMBOCTU AOCTUTHYTBIX
pesyabTaTtos. [16].

/leyeHne B KOHTPOABHOM TpYyIIle BKAIOY9aAO
IpoBejeHNre 8 BTalloB TUIICOBaHMA, Ha 7-M 9Tale
BBIITOAH:aCh TEHOTOMISA aXMAA0Ba CyXOXKIAVS.

B OCHOBHOII

rpymirie HIPUMEHSACS

MOAMPUIIMPOBaHHBIN MeTOoZ, Iloncern,
npeaycMmarpusaromuii - 9-10  »TanmoB  ruricoBaHus.
Takoit 104X04 OBla 00yCAOBAEH  IIOBBLIIIEHHON
PUIMAHOCTBIO MSTKMX TKaHell, XapaKTepHON AAs
aTUINMYHON (OPMBI KOCOAAIlOCTM, a TakKXke AaAs
TsDKEA011 GPOPMBI TUITMYHON KOCOAATIOCTIL.

Texnuka rurcoBanmst 445 06eux rpyI BKAIO4Yala
HaAOXEeHVe I'MIICOBON IOBSI3KM OT CTOIBI 40 BepXHeN
Tpetu ©Oeapa, C o0OsA3aTeABHBIM KOHTPOJAEM 3a
COCTOSIHIEM KpOBOCHaOXKeHM:sI 1 pUKcallieil KOAeHa B
noaoxxeHrm 90° mpu TunmuHoi ¢popme u 110° mpn
atunmaHou  Qopme. Dro mo3BoAAAO uU3DOeXKarb
COCKaAb3bIBaHMUA THUIICA ¥ ODeCHeuynTh ONTUMAABHYIO
KOPPEKIINIO.

Ilocae saBepmreHMsI TIMIICOBaHMA IalMeHTaM
Ha3Hayaloch 0Os3aTeAbHOe HOIIleHUe OpelicoB, YTO
obecrieunBal0 40ATOCPOYHYIO CTaOMAM3AIINIO CTOIIBI I
CYIIIeCTBEHHO CHIKaAO PUCK PeIAUBOB.

Bce manmeHTs IPOXOANAN PeryAspHble OCMOTPEI
AAsl OLEHKM AWHaMUKM JAeJ4eHMs ¥ KOHTPOAs 3a
coba104eH1eM peKOMeHAalIMIA.

I'padux HaOAIOA€HUS AeTeli ITocAe TUIICOBAHMS IT0
Metoay IlToncern:

* uyepes 2 Hegean (A4 PpelleHMs HpoOAeM
cAe/0BaHIs IIpeATICAHIIM),

* yepes 3
YMEHBIIIeHIIs BpeMeH! HaX0XAeHs B Opeiicax)

Mecsana  (A44s  TOCTEIEeHHOTO
* xaxkAble 4 MecsIla 40 AOCTVDKEHMsI Bo3pacTa 3
2eT (445 KOHTPOAs 3a cOOAIOA€HMEM IIpeAIICaHNIl U
AVaTHOCTUKM peliAUBOB),
® KaXKAble 6 MecsilleB A0 Bo3pacTa 4 aer,

® KaXXABII TO4 MAM pa3 B 2 roga 40 OKOHYAHILA
pocra.

Kpurepuamnu A4S OILIeHKI CODAIOAeHUST
peKoOMeHJauuil  ABASIANCH cAeAyloniue (paKTOPHI:
HapyIIeHIe pe>XXMa HOIIeHNsT OpericoB, peryAspHBIN
KOHTpOAb PpocTa pebeHKa B  COOTBETCTBUM  C
YCTaHOBAEHHBIM TIpapMKOM, a TakXe BBIIIOAHEHIE
MepOIpUATUN 110 MOOMAU3AINI TOA€HOCTOITHOTO
CyCTaBa Kak IlepeJ, HadaA0M MCII0Ab30BaHUs Opericos,
Tak 1 mocae mx cHsaTus. Takoit moaxos odecrieunBaa
Doaee TIATe AbHBIN

KOHTpPOADb AeYeHunsI n

CII0COOCTBOBAA CHIKEHIIO pucka pennanBoOB.

Cmamucmuyeckuil aHaru3

Aas aHaAu3a  JAaHHBIX  MCIIOAb30BaJach
nporpamma SPSS sepcym 21.0 (IBM Corp., Armonk,
NY). Koppeasnuonssiii aHaAmn3 IIPOBOAUACA C
ucrosp3oBanueM kospoumuentos Crnmpmena nu
ITupcona, a Taxke X2-KpuUTepusl AAs MUCCAeAOBaHUS
3aBMCHUMOCTY MeKAY TlepeMeHHBIMI.

Koa¢ppurment Ilupcona mnpumeHsaacs Aas
OLIEHKU AVIHETHOM CBSI3U MeXAY ABYMI
KOAWIECTBEHHBIMI T€PEMEHHBIMI. DTOT MeTOJ, OblA
BRIOpaH, IIOCKOABKY IIpeJlloJaraercs, 4YTO JAaHHBIE
MMEIOT HOpPMaAbHOe pacIpeieleHNe U SBASIOTCA
nnTepsaabHeIMI. Kosdpunuent Ilnpcona ssaserca
CTaHAAPTOM AASl U3MEPEHMS CUABl UM HalpaBAE€HUs
AVIHEVIHON 3aBUICUMOCTU B HOPMaAbHBIX
pacpegeaeHnax. B caydasx, korda JaHHBIE He
COOTBETCTBOBAAM IIPEAIIOAO0XKEHNIO O HOPMAaAbHOCTU
pacpejeieHns WAM VMeAN IIOPSAKOBYIO IIIKaAy,
ncrnoab3oBaacs KoogPuiment CnupMeHa. DTOT METO4,
OIleHVBaeT MOHOTOHHYIO CBA3b MEXAY IlepeMeHHBIMU
U TTIOAXOAUT AASI aHAAU3a AAHHBIX C ITOPSIAKOBBIMU UM
HEMHTePBaAbHBIMU ITKaAaMIL.

Tecr YmaxokcoHa HIpUMEHsACI AAs aHaAU3a
pasanumit  MeXAy CBA3aHHBIMM BBIOOpKaMm. OTOT
HellapaMeTpMUYeCKIl MeTOJ OCOOEHHO II0Ae3eH IIpU
pabote ¢ HeGOABIINMY BBIOOPKaMU UAM AAaHHBIMIU, He
COOTBETCTBYIOIIIMIMY HOPMaABbHOMY pacIIpejeleHUIo, a
TaKXe B CAyJae HaAM4MsI BEIOPOCOB.

Aast U3ydeHNs 3aBUICUMOCTU MeXAy
Ka4eCTBeHHBIMM IIpM3HAKaMM HCIIOAb30BaAcsa  X3-
KpuUTepuit. DTOT MeTO4 II03BOAsET IIPOBEPUTH
TUIIOTe3y O  He3aBMCUMOCTM  KaTerOpMaAbHBIX
IIepeMEeHHBIX U BBIABUTH CTATHCTUYECKM 3HAYMMEIe
pasAn4nsA B pacpeAeAeHNN 4acTOT MeKAY IPyIITaMu.

3HaYMMOCTh pa3AN4INIl OlleHMBalach Ha YpPOBHe
p<0,05. KoanyecTseHHbIe 4aHHbBIE ITPEeACTaBAEHBI B BIAe
MeguaH (Me) u nHTepKBapTHABHOTO pasMaxa (Q1-Q3),

4yTO oOOecrieyBaeT TOYHOE OIlMCaHIe I_IeHTpa/lBHOf[
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TeHAeHIIUM U pa3bpoca JaHHBIX, OCOOEHHO IIpU
HaAM4uy BBIOPOCOB MAM OTCYTCTBUMU HOPMAaABHOTO

3. PesyabTaTnl

OO0111ee  KOAMYECTBO BKAIOUEHHBIX IIAIIMEHTOB
cocrasuao 100 geaosek (120 crom). CpeaHee 3HaueHUE
no mkase llupanm g0 Havasa AedeHMsI COCTaBUAO
5,74+0,45, 0e3 cTaTUCTUYECKM 3HAYMMOI pPasHUIIBI
MEe>KAY OCHOBHOI M1 KOHTPOABHOI I'PYIIIIaMU Ha CTapTe
tepaniun (p>0,05), 4TO I103BOASET CYUTATh TIPYIIIBI
coIloCTaBUMBIMU. B mpomecce HabalO4eHUs B
KOHTPOABHOI TIpymme ObLA0 3aperucrpuposarHo 11
pennAnBOB, 4To cocraaseT 16,9% u 14 cron (Pucyrok
1). Bce cayyan peniuausos HabAIOAAANCDH Y MAIJEHTOB
¢ armnmyHOM (POPMOI KOCOAANOCTH. B OCHOBHOI
Tpymme, rae HPUMEHAACT MOAMQPUIIMPOBAHHBIIN

Haan4yune

pacrpejeaeHusl. KauecTBenHpie HpU3HaKA

IIpeacTaBA€HbI B abCOAIOTHBIX 3HAYEHISIX 1 IIponeHTax.

nporokoa I'ToHceTn, koamdyecTso peruAnBOB OKa3aA0Ch
CyllleCTBeHHO HIDKe — 4 caydas (Ha 55 crol, TO ecTb
7,3%), mpuaeM ABa M3 HUX BOSHUKAU PV TUMIMIHOM
dopme gepopmanny, 48a — npu arunaHoM (PrcyHok
1). Pasanune B yactoTe pelMAMBOB MeXAY IpyIIiaMu
0Ka3aAoch craTucTmyecku gocrosepHniM (p>0,05), uro
CBIMAETEABCTBYeT O IIOBBIMIEHHOV 9(PPeKTUBHOCTA
MOAUQPUIIMPOBAHHOTO  IIPOTOKOJAa B  CHIVDKEHUN
BEPOSITHOCTU peliNBa, OCOOEHHO Y MalNeHTOB C

OCAO>KHEHHBIMU BaplmaHTaMI Ae(l)OpMaLU/II/I.

OoTCcyTCBME

Pucynox 1 — Pacnpederenue no peuudusam nopaxenus cimon cpeou YUacmuukos UCCA006aHusl.

CoraacHo rpaduky (PucyHox 6), penuamusbl
Haba104aauck y 15 yuactaukos (15%), B To Bpems Kak B
58 caydasax (85%) peumausos He Obrao. I'paduxk
ITOKa3blBaeT, YTO B KaXXAOI BO3PaCTHOM KaTeropuu
MOAMPUIINPOBaHHBIN MeToZ, AEMOHCTpUpYyeT

MEHBIIYIO 4acToTy penuausoB. CraTHUCTUYECKN
3HaunMble pasamdus (p<0,05) ocoOeHHO BBIpa’keHHl B
rpynme <1.5 roga, 9TO CBA3aHO C 0O./ee BBIpa’kKeHHOI
PUTMAHOCTBIO MATKMX TKaHell y MAaAIINUX JeTet.
Takxum oOpasom, MoAMPUUMPOBaHHBIN MeTOJ 6oaee
sdpdexTtuBeH B

He3aBUC1MO oT

OpeAOTBpalleHUN pennAnuBEoB

BO3pacTHON TPYIIIBL, 4To
MOATBEPKAAETCA CTaTUCTUYECKON 3HAYMIMOCTBIO.
JONOAHUTEABHBINI ~ KOPPeAsSIMOHHBIN  aHaAU3
IO0Ka3al YMEPEHHYIO IIOAOXKUTeABHYIO CBIA3b MEXAY
BBIPa’>KEHHOCTBIO aTUIIMYHON (POPMBI KOCOAAIIOCTYU U
gacToToil penmausos (kosdpdunment CrmpmeHa
r=0,48, p<0,05),
JICIIOAB30BaHUSI

YKa3bIBast Ha BO3MO>KHOCTb

CTeIlleH!n BBRIPa’kK€eHHOCTI KaK

MOTeHIIMaAbHOIO  IpejUKTOpa  HeO0AarompUsATHOTO
ncxoda. Ilpu »ToM Haamume aTUNMYHON QOPMBEI
AOCTOBEPHO IIOBBHIINIAA0 PUCK pelnAuBa MMEHHO B
KOHTpoAbHOI Trpymme (p<0,05), uro moauépKuBaeT
KAMHNYECKYIO 3HAYMMOCTh TOYHOI (PEHOTUIIMYIECKON
Kaaccudukanmm AedpopMmanmit Ha Drare
I1AaHUPOBaHNs A€deHNsI.

Cpegnee  umcao  9TamoB  TUIICOBaHUA B
KOHTPOABHOM IpyHIle cocTasuao 7,3+1,2, Torga Kak B
OCHOBHOJ IPyIIle 4aHHBIN OKa3aTeAb OKa3aAcs! BbIIIIe
— 9,1+1,5 orama. PasHuiia Oblaa CTaTUCTHYECKU
sHaunmon (p<0,01; TecT YMAKOKCOHa), UTO MOXET
oTpaXkaThb 0o0Jee IAAAIIMII U IIOCAeA0BaTeAbHBIN
1ogxo4 K  KOPpeKIuy,  HaOpaBAeHHBII  Ha
MUHMMU3aLMIO XMPYPIUYECKMX BMeIIaTeAbCTB U
IOBBIIIIEHNEe  TOYHOCTM  MOJAEAMPOBaHMS  CTOIIH,
0COOEHHO NpM PUTMAHBIX MAM ATUIIMYHEIX (pOpMax.
Hecmotps BHa yBeanueHme 4ucaa ®TalloB, B OCHOBHOI

rpynne yJaaoch AOCTMYDL BBIPa’KEHHOM TBHIALHOI
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daexcum ao 30° y manmeHTOB C BBIPAYKEHHBIM

SKBMHYCOM  0e3  HeOOXOAMMOCTM  IIPOBeAeH
AOTIOAHUTEABHBIX OII€PATUBHBIX BMeEIIATeAbCTB, UTO
NOAYEPKUBAET TepareBTUIeCKI IIOTeHIaA.

B anaamse orjeHkn TsKecTu AepopMaliuy CTOIIBI
1o mkase [Inpann nmokasaza, 4To A0 A€4eHNs CpeAHUIN
Gaaa cocrasma 5,74+0,45, uro yKasblBaeT Ha
BRIpa’KeHHYIO cTerieHb gedopmannu. Ilocae aeuenns
JAAHHBIYI TITOKazareab cHusmacst a0 0,63+1,12, 4ro
CBIAETEABCTBYET O BBICOKOI D(PPEeKTUBHOCTU TeparImm
U 3HAYUTeAbHOM yaAy4dileHyu cocrosiums (PucyHoxk 2).
[Tanyentsr ©OblAM  pa3jedeHBl Ha ABe TPYIIIIBL

KOHTpOABbHasl, TAe IPUMEHSACST KAacCUYecKUIl MeTo/,

70
60
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0 —

4o

Hmpo4 no5 bo 6

Iloncety, u oOcHOBHasT C MOAUQPUIIMPOBAHHBIM
MetoaoM. O6e rpymmst gocturan 0 6214108 IO IIKale
IInpann, 9yTO CBMAETEABCTBYET O IIOAHOM yCTPaHEHNU
Aedopmanun. OgHaKO B OCHOBHOII I'PyIIIe, OCOOEHHO Y
aetein 40 1,5 aer, oTMeueHO MeHbIIee KOAMYECTBO
PeLMAVBOB U Ay4Illee COXpaHeHNe THLABHOTO CriuOaHms
crombl. /o AedeHMs] cpegHMe 3HAYeHUs IO IIIKaJle
Impaun cocrasasgan 5,8 u 5,7 6aasa B OCHOBHOM U
KOHTPOABHOI TPYIIIIaX COOTBETCTBEHHO, yKas3bIBasl Ha
BBIpa>KeHHYIO crereHb gedpopmannu. [locae aedenns
9TM 3HadyeHms cHusmancey 20 0,5 u 0,6 0Oaaaa
cootBercTBeHHO (Tabauna 2).

nocne

nocne0 MWnocne3 Mnocned4d Mnocne5

Pucynox 2 — Aunamura maxecmu depopmavuu cmonvl no uixare Iuparnu do u nocae Aevenus

Ha rpaduxe (Pucynok 2) orobpakeHa AMHaMMKa
M3MEHEHNII CTelleHM TSKeCTH AepopMaliyuyl CTOI II0
mkase [Iupann a0 u nocae aedyenms. Jo aedeHus y
OOABIIMHCTBA MarueHToB Obau onenku 5,0 u 5,5, uto
CBMAETEABCTBYET O BBICOKOJ CTEIIeHU TSIKeCTU

Aedpopmanun. Ilocae aeueHUsr 3HauMTeAbHAsl 4acTb
MaIMeHTOB TPOAEMOHCTPUPOBaja CHUKeHME TAXKeCTH
20 0 wmam 05 ©0aaaos, 4dYTO TIOATBEp>XKAaeT

3¢ PeKTUBHOCTb TPOBOAVMOTO A€UEHUS.

Tadauua 2 — CpagHumeAvHbLE AHAAUS pe3yAbmamos 06yx zpynn no uikare Ilupanu

ITupann Ao, n= Tlocae, n= 3uauenne P
KonTpoasnas rpynia 6 (5-6) 0(0-5) p>0,05
OcHoBHas rpymnna 6 (4-6) 0 (0-4) p>0,05

Tabauna 2 maaocTpupyer AMHAMUKY CHIUKEHIS
cpeannx 0aa10s 1o mkase Ilupann Ha pasHBIX DTamax
Ae4eHNs B KOHTPOABHON ¥ OCHOBHOJ rpynmax. AHaAu3
AAHHBIX IIOKa3ad, YTO pasAndus MeXAy IpylnaMu
MMEIOT CTaTUCTMYECKM 3HauuMoe IIOATBep KAeHue:
nokasaTteab p>0,05 ykasbiBaeT Ha TO, UTO BePOSTHOCTh
cAy4JaliHBIX (PAaKTOPOB, BAVIOIINX Ha pPe3yAbTaThl,
MMHMMaAbHa. TakuM o00Opa3oM, OCHOBHasl TpyIIIa
AEMOHCTpUpYeT OoJdee HM3KMe 3HAYeHMs IO IIKale
Ilupann mocae aeyeHMs, UYTO TIOAYEPKMBaeT eé
HPeuMYyIIecTBO B CHVOKEHMUM YacTOThl pelAVBOB U
AOCTIDKeHun Aydiiein xoppeknun. CaegosaTeAbHO,

MoAnuIpoBaHHbl MeToZ, IloHceTn obecrieunBaeT
60.1ee 3HaUNTEeAbHOE CHIKEHIE CTelleHN dedpopManun
CTOIIBI TIO CPaBHEHUIO C KAaCCUYeCKUM IOAXOAOM, UTO
CTAaTUCTUYECKOI

MOATBEPXKAACTCsI BBICOKOTL

AOCTOBEPHOCTBIO PE3yAbTaTOB.
rpadux

AEMOHCTPpUPYET 3Ha4YMTEAbHOE CHIKEHIEe 0aaa0B

IIpeacraBaeHHbIN (pucyHOK 3)
mocae JedeHus B O0eMX TIpyIIIax, IHOATBep>Kaas
5} dexTUBHOCTL MeTo40B. B ocHOBHOIN rpyriie, Tae
UCII0Ab30BaACs MOAUpUUMpPOBaHHLIT MeTo/ [Toncern,
cHrzKeHne Oazaos 1o mikade Ilupanm Obrao Goaee

BbIPpa’k€HHbIM I10Ccae AOITIOAHUTEAbHOI'O DTara
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TUIICOBAHMS. DTO CBUAETEABCTBYET O OoablIeir
¢ PexTuBHOCTN MOAMPUINPOBAHHOIO II0AXOJa IIO
CpaBHEHMIO C KAacCMYeCKUM MeTOA0M, OCOOEHHO IIpHu
AedeHN! TsDKeAbIX (OpM KaK THUIINMYHONM, TaK U
arunmyHor kocoaaroctr. CTaTuCTUYECKUI aHaAU3
II0OKa3aa, 4YTO Pa3AMuMsl MeXAy TIpylIamMy MMeIOT

A0

KOHTPOAbHas IrpyIira

CTaTUCTUYIECKYIO 3HAUYMMOCTD (p<0,05), 4TO
MOATBEp>KAaeT HajeXXHOCTh ITOAYYEeHHBIX JaHHBIX.
Yposenr  sHaummoctu  p<0,05  ykaspiBaeT Ha
BepOsATHOCTh CAYyJalfHOTO BO3HMKHOBEHI: BBISBAEHHBIX

pasananit MmeHee 5%.

mocae

OCHOBHasI I'pyIiIia

Pucynox 3 — Cpasneriue wkarot ITupanu 0o u nocae Aederus

B xoae cratuctmueckoit 0oOpaboTKu Oblaa
BBLIBJEHa 3aBMCHMOCTD MeXXAY BO3pacTOM HallJieHTa U
OpUYMHaAMU pelnAuBoB. AHaAU3 C UCIIOAb30BaHUEM
kputepusa x?> Ilupcona (p<0,05) mokaszaa Haamdue

CTaTUCTUYECKM  3HAYMMOM  B3aMMOCBS3M,  4TO
IoAdepKuBaeT BAVIHNE BO3PACTHBIX OCOOEHHOCTel Ha
BEpPOSITHOCTh BO3HUKHOBEHISI pelIMAUBOB (TabAMIIBI 3 1

4) (Pucynok 4 u Pucynox 5).

Tabauya 3 — CpasHumeAvHbLE AHAAUS NPULUH 6 OCHOBHOT U KOHMPOALHOLE ZpYNNax 1o 603pacmHblM Kamezopusim

Or 1,6 rogza Or 3,1 roza g0 5
I'pynia IMpranua Ao 1,5 roaa A Aa A
20 3 roza aetT
KommniaaenTtHOCTH 1 0
oauTeaen
OcHoBHas POA
Ckadok pocTa 0 ’
pebeHKa
KommiaaenTtHOCTH ” 1
oauTeaen
Konrpoavnas pot
Ckadok pocTa 1 ’
pebeHKa
Penmauser gepopmarinm 6141 3ac])I/IKCI/IpOBaHLI y axmnAa10Ba CYXOXKMUANS yepes yIpa>kKHeHWs],

15 (15%)
KOMIIOHEHTax BKBI/IHyca u Bapyca, qToO COF/lacyeTCﬂ C

ITIalIVIEHTOB, IpenMyniecCTBeEHHO B
M3BECTHOM CAOXKHOCTBIO YyCTpaHEHISI BTUX BDAEMEHTOB
ZI,eCl)OpMaI_II/II/I. B namrem nccaea0BaHnm  pennAViBbl
YCTpaHAANCh

ITOBTOPHBIM TUIICOBaHUEM nu

aXMAA0OTOMUET, C 0COOBIM BHIUMAaHIEM K YKpenaenmio

obecrieunBass CTaOMABHOCTD CTOMBI IIOCAE A€YEHUs.
HapymeHI/Ie KOMIIAa€HTHOCTM CO CTOPOHBI pO,Zl,I/ITeAeIZ,
0COOEHHO B OTHOINEHUN HOIIEHIS 6p€I7ICOB u
BBITIOAHEHIST yl‘[pa)KHeHI/[ﬁI, OKa3aa0Ch KAOYEBbIM
Cl)aKTOpOM IIpY BO3HMKHOBEHI pelANBOB.
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Tabanma 3 moguepkuBaeT pasandus B pakTopax, KOHTPOABHOM  TIpyIlIle CKauky pocTa peOeHKa
BAVIOLIVIX Ha peLMAVBEL, MEXKAY AByMs Ipynnamu. B OKa3aauch Oo/lee 3HAYMMBIMU AASl BO3SHMKHOBEHIS
OCHOBHOI  TIpymIle  KOMIIAaeHTHOCTb  poAuTeseint peunAUBOB B Kateropuu ot 1,6 40 3 aer.

OKasaJach Ba’KHBIM (PaKTOpoM Aas aeteit 40 1,5 zet. B

Tabauua 4 — Yacmoma 603HUKHOGEHUS PeUOUE06 6 603PACIIHBLX ZPYNNax.

Koanuectso penansos

BO3pacTt KOAMYECTBO KOHTpOAbHas OCHOBHasI
20 1,5 aer 34 2 2
ot 1,6 20 3 aeT 22 3 1
ot 3,1 205 aer 20 1 3
IIpeacraBaenHple  JaHHble B TaOamme 4 KOHTPOABHas IpyIllla MMeda 3 pelAuBa, a OCHOBHAs
AEMOHCTPUPYIOT YaCTOTy PelUAUBOB B 3aBUCUMOCTHU — 1. B xareropum or 3,1 g0 5 aer nHabarogaercs
oT BospacTta. B xareropum 40 1,5 aet B obenx rpynmax oOparHas TeHAeHLM:: B OCHOBHOI IpyIie 3 pelnausa
BBLSIBAEHO 110 2 pennausa. B xkareropum ot 1,6 40 3 aer poTuB 1 B KOHTPOABHOM.
7
6
5
4
3
2
1
0
Konrpoapnas rpymiia OcHoBHas rpynmna
B KoMI14aeHTHOCTh pOAUTE A Ckadox pocTa

Pucyrox 4 — Pacnpederenue uacmomul pasAudnolx npuvun (omcymcmeue peundusa, KoMnemeHmHnocb,
CKOpOCTb pocma) 1o 603pacmHuiM Zpynnam

rZI,I/IarpaMMa OTpa’kaeT B3aUMOCBS3b  MEXAY II03BOASISI OTIPEAEAUTD UX Hpeo6AaAaHI/Ie B pa3AMYIHBIX
BO3pacToM U 4acTOTOM YKa3aHHBIX (1)aKTOp0B, BO3PACTHBIX KaTETOPUIX.
4
3
2
1
: =
<1,5roaa 1,6-3 aet 3,1-5 aet
B KOHTpOABHAs IPyIIIIa OCHOBHasl I'pyIina

Pucyrnox 5 — Peyudusot no sospacmmoim zpynnam. Ha zpaduie 6uoHo, umo peyuduel dauje 6cmpeuaromcs
Y Jemeii cmapuieii 603pacmHot zpynmvl
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Taxum ob6pazom, MOAUPUITUPOBAHHBIN ITPOTOKOA

ITonceru AEMOHCTPUPYET KAVMHMYeCKoe

IpenMyIiecTBso KakK 110 ITI0Ka3aTeAaro JaCTOTbI

4. O0cyxaeHme

B HaCTOJgIIeEM nccaeA0BaHN IIpoBeaeHa

CpaBHUTEABHAS OIleHKa ¢ PpexTuBHOCTI
KAacCU4ecKoro ¥  MOAMQPUIIMPOBAHHOTO MeTO/O0B
IToncetu mpu AeyeHUM BPOKAEHHON KOCOAAIIOCTU Y
Aeteit. PesyapTaThl aHaamsa IIOATBEP>KAAIOT, YTO
MOAMQPUIIMPOBAHHBI ~ IIPOTOKOA  AeMOHCTPUpPYET
KAVHIYECKOe ITPeMMYIIeCcTBO, 0COOeHHO IpY HaAIUN
ATUIMYIHBIX U PUTUAHBIX POpM AedpopMarium.
Cpeanee 3HaueHne 1o mkade Ilupann 40 Hagasa
aedenust cocrtaBuao 5,74 +0,45, 4rO yKasbiBaeT Ha
BBIpa’KeHHYIO CTelleHp Imaroaorum. Ilpm »Trom Ha
crTapTe Tepanmy He BBIIBAEHO  CTaTHUCTIYECKU
3HAYMMBIX  pasAM4IMil ~ MeXJy  OCHOBHOI M
KOHTpoAbHOM rpyrmamMu (p>0,05), uyro mnospoaser
CYNTaATh BHIDOPKM COIIOCTAaBMMBIMMU U CPaBHUMBIMU I10
YPOBHIO MCXO4HOV JAedopManum. IDTH  JaHHBIE
coraacyiorcs ¢ pesyabratamu Elgohary i Abulsaad, rae
MCXOAHBIN Oaaa 1o mkaae IInpanm cocrasasa 5,17 npn

yacrorte peunAnBos 14,7% [17].

OzaHUM n3 KAIOYeBBIX rmoxkasareaen
¢ PpexTuBHOCTU A€4eHsI SIBASIOTCSI Jacrora
peunausos. B koHTpoapHON  rpymme  ObLAO

3aperncrpuposaHo 11 peruausos (16,9%) y 14 crom, Bce
13 KOTOPHIX HaDAIOAAANCh y MallVIeHTOB C aTUIINIHON
¢opmoit. B ocHOBHON TIpymme C IpUMeHeHNeM
MOAUQUITMPOBAHHOTO IIPOTOKOJA YUCAO PelUAVBOB
cocTaBnao Beero 4 caydast (7,3% Ha 55 cTom), mpu 5TOM
ABa U3 HUX — Y HaIJMeHTOB ¢ TUIINM4YHOI GOpMOIL, ABa
— ¢ aTUOn4HOM. Pa3andme 0Ka3aaoCh CTaTUCTUYECKN
sHaunMbeiM (p =0,047), uTOo moATBep>KAaeT OOABIIYIO
KAVHUYIECKYIO 3(PPEeKTMBHOCTE MOAUQPULIMPOBAHHOIN
CXeMBI, OCOOEHHO IIpU KOPPeKIUM aTUIINYHEIX POpM,
CKAOHHBIX K  pelnAuBaM. DT pe3yAbTaThI
nepekaukaiorcs ¢ spiBodamu Eidelman et al., a taxcke
Van Schelven et al, moadepkmuBalommux Ba’KHOCTD
agantanuu wMetoda IloHceTu A4 TAIIMEHTOB C
0COOeHHOCTSIMMU CTpoeHU: cToIsl [18,19].
Habaioaaemast B3aMMOCBA3b MeXAY aTUIINIHOIN
dopmoit 1 penmamBaMu IOATBEPKAAeTCA AaHHBIMIU
KOPpPeAsIIMOHHOIO aHaAn3a: KoadgPuinent CrimpmeHa
cocraBua 1=0,48 (p<0,05), ykaspiBasg Ha yMepPeHHYIO
IOAOXKUTEABHYIO CBsI3b. Ba>KHO OTMeTNTD, UTO IMEHHO
B KOHTPOABHOI IpyIlle HaAudue aTUIIMIHON (POpPMEI
AOCTOBEPHO YyBeAMYMBAaAO PUCK penmausa (x2=4,22,

peuuAMBOB, TakK M IO KadecTBy AOCTUTHYTOM
KOppeKuny, OCODeHHO B TIpyIIle IIallMieHTOB C
OCAO>KHEHHBIMU POPMaMU BPOKAEHHON KOCOAAIIOCTIL.

p=0,039), uyro mnoguyepKMBaeT 3HAYMMOCTb TOYHON
KAVHIUYIECKON cTparuduKaluy IIallMeHTOB IIepej

Havya/zi0M Tepanuu u HEeoOX0AMMOCTD
UHAMBUAYaAbHOTO rnogobopa MeToJa. BT0
IOATBEpP>KAaeT  BbIBOAbI  BaBmaosa 1 Koaaer,

yKas3blBalollyie Ha BAMSHUE KAVHNYECKOTo (peHOoTHIIa
Ha ucxoasl aedeHust [20].

VHTepecHBIM acIeKTOM WCCAEAOBaHUS CTalo
yBeAldeHNe CpejHero 4micaa DTaroB IMIICOBAHWUS B
ocHosHol rpymme (9,1£1,5) 1o cpaBHeHMIO C
KoHTpoAbHOM (7,3+1,2), Ipu AOCTOBEpHOI pasHULEe
Mexay rpynnamu (p<0,01). Takoit 1moaxos MoXKeT
oTpakaTh 00./1ee ITOCTEIIeHHYIO ¥ TOYHYIO KOPPEeKIIMIO
AedpopManuu ¢ y9€TOM OCOOEHHOCTEN MATKUX TKaHell
U CTpyKTypnl crombl. Hecmorpss Ha 0oabmryio
MPOJOAXKUTEABHOCTD TUTICOBAHIAS,

MOAUPUITUPOBAHHEIN IIPOTOKOA obecrreqna
BRIPXKEHHYIO ThIABHYIO (Qaekcuio ao 30° ©Oes
HeoOXOAMMOCTU  AOMOAHUTEABHBIX  XUPYPTUIECKUX
BMeIaTeALCTB Yy  IIalJM€HTOB C  BBIPaK€HHBIM
HKBMHYCOM. DTO YKa3blBaeT Ha BBICOKUII ITOTEHIIMaA
METOAVIKV B CHV>KEHUU WMHBA3MBHOCTU AedyeHus: Oe3
KOMIIPOMIICCa IO pe3yAbTary.

Taxxe caegyer oTMeTUTD, 9YTO BBIOOPKA B 4aHHOI
pa60Te OATBEPANAA U3BECTHLIN II0A0BOM ancbazsaHc B
noAb3y Maapumkos (65,8%), uTo coraacyercs c
uccaegopanmsamMu  OmapoBa U COaBT. U APYIUMMU
ucrouHukamu [21]. Yunreisas Bo3pacT Hadyala Teparnmm
(7,63+7,21

aKTyaAbHOCTbh BBIBOAOB Kabrakosa u Basmaosa o

HeJean), MO>KHO IIOATBEPAUTD
Ba>KHOCTY paHHero Havaa Ae4eHus — 40 9 Mecs1eB —
Kak (akTopa, IIOBHINAIOIIEIO 5(PPEeKTUBHOCTb W
cTabMABHOCTD pe3yabTaTos [22,23].

PenmauBel yalre 3aTparmsaay SKBUHYC U Bapyc,
9TO OXIAAeMO, YUMTHIBasg UX PUTMAHOCTb. B Harmeit
paboTe IIOBTOpPHOE TIMIICOBaHME W aXMAAOTOMUSA
[IO3BOAMAN AOOUTBHCSI IIOBTOPHONM KOPPeKIuM, Ipu
DTOM Ba’KHBIM (PaKTOPOM ycIiexa CTado cobAl0eHMme
pe>xuMa HomreHus Opeiicos. Hyuskas KoMI11aeHTHOCTD
poauteseii Oblda BbISIBA€HA KaK OCHOBHOM (paKTop
pelnauBa, 9TO COOTBETCTBYeT AaHHBIM Limpaphayom
et al. [24].
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Takum o0OpaszoMm, Ha OCHOBaHMM ITOAYYEHHBIX

AAHHBIX MO>KHO yTBeP>KAaTh, 4TO

MOAMPUIIMPOBaHHBIN HPOTOKOA TToncerun

AEMOHCTPUpPYeT  AOCTOBEPHO  ©oJee  BBICOKYIO
KAVMHNYECKYI0  ®(PQPeKTUBHOCTh B CpaBHEHMU C
KAacCUYeCKMM  II0AXOAOM, OCODEHHO B  TIpyIIIe

MalyeHToB C aTUINMYHBIMI POpMaMM M BIpa>KeHHOI

5. BeIBOABI
MoanpuinposaHHbI IIPOTOKOA MeToJa
IToHceTn AeMOHCTpUpYyeT BBICOKYIO 5(PPEKTUBHOCTD B
AeYeHNIU TSI>KEABIX u ATUIINIHBIX Ppopm
UAVOIIaTUYEeCKOM BpO>KAE€HHOM KOCOaIIOCTH,
obOecrieunBasl ~ 4OCTOBEpHOe  CHIKEHME  YacCTOTEHI

pennanBoB 6e3 yBeAdeHsI OIlepaliIOHHOM HaTPy3KI.

Bxarouenne 40110AHUTEABHBIX STAIIOB IMIICOBAHMS
U aocTypkeHne QYHKIIMOHAABHBIX Iledell KOPpPeKIIUM
A0 ax1AA0TOMUM MO3BOASET ONITUMU3UPOBATDH VICXOABI
aedeHns. IloayuenHple pe3yabTaThl HOATBEP>KAAIOT
11e1ecoo0pa3HOCTDb aganTauun CTaHAQPTHOIO
IIpOTOKOJa 104 UMHAWBHUAyaAbHBIE  OCOOEHHOCTH

Aedpopmarnun, 0COOEHHO ITPU aTUIIMIHOM TEUEHII.

/Aureparypa

PUTMAHOCTBIO. BHegpeHne azanTMpOBaHHONM CXEMBI C

YBEANYIEHHBIM YrCA0M DTaIlIOB TUIICOBaHM n

YCUAEHHBIM KOHTpO/€eM 3a cobaI0jeHneM
IIOCTA€4eOHOTO  peXXUMa MOMKeT CIIOCOOCTBOBATh

CHVDKEHIIO YacCTOThl penuaAmMBOB U YAYYIIEHUIO

(pyHKIMOHAABHEIX ~ MCXOA0B B AOATOCPOYHOI
IepCIIeKTUBa.
IlpeacraBaeHHble  gaHHBIE  MOTYT  CAY>XKUTb

OCHOBaHIEM AAs BHeApeHUs MOAUPUIINPOBAHHOTO
IIPOTOKOJa B IIPaKTUKY OPTOIleAMYECKIX YIPesKAeHNI,
CHeNMaAN3UpPYIOMWNXCsA Ha KOPPeKIUU BPOXKAEHHBIX
Aedpopmanuii CToIl.
Kondgauxkr wmHTepecoB. ABTOpH  pabOTHI
3asBAAIOT 00 OTCYTCTBMM KOH(PAMKTA UHTEPECOB.
®unancuposanue. JaHHOe uccaejOBaHUE He
1IMeA0 BHeIITHVX MCTOYHMKOB (PMHAHCUPOBaHM L.
Bkaaa asropos. Kounenrtyaamsanuma - b.J;
metogoaorusi — P.C.; nmposepka — B.T; ¢popmaapHbIit
amaan3 - B.T, P.C, Bb.A u A.A.,; wHanucanue
(opurmnaapHas depHOBas IIoaroroska) - A/,

HamucaHue (0030p U pejakTuposanue) - A./.
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VanonaTtmsablKk MalIMaKTBIKTBI eMAey 9AicTepiHiH 9BOAIOIVISICHI
’koHe MogudukanmsiaanraH [loHceTn xaTTaMaCbIHBIH TUIMAiAiTiH
CaapICTbIpMaAbl Oaraaay

Tpodbumuyk B.A. 1, Cokoaos P.IO. 2, Axxymabekos B.A. 3, Jocanosa A.A. 4

! basaaap xupyprusce! KadpeApachIHEIH acciCcTeHTi, Actana Meaunmna Yansepcnreti, Actana, Kasakcran
2 Baaazap opTOIeA-TpaBMaTOAOTHI, OpTOIleAus KoHe peabuanTanus 6eaimmreci, No 2 Kericaaaas: kaaaasik 6asazap aypyxaHachl,
Acrana, Kazaxcran
3 Baaazap opToIeA-TpaBMaTOAOTHl, OpTOIleAus KoHe peabuantanus 6eaimmreci, No 2 Kericaaaas: kaaaasik 6asazap aypyxaHachl,
Acrana, Kazaxcran

4 Nopirep-unreps, Acrana Meaununa Yuusepcureti, Acrana, Kazakcran

Tyininaeme

Manonatmaapix Tya OiTKeH MalMaKTBHIK — TyFaH HopecTedep apachblHAa €H KIi Ke3jeceTiH OpTONeAMsABIK,
AedpopmanmsaaapAbiy Oipi. IloHceTn agici eMAeyaiH «aATBIH CTaHAAPTH» peTiHAe KeHiHeH TaHbLAFaHbIHA KapaMacTaH,
penuauB Maceaeci, scipece aTUIIMAABIK >K9He ayblp TyPAepiHAe ©3€KTiAiriH >KOFaATKaH KOK.

bya seprreyaiH MakcaThl — MalMakTBIKTBI eMJeYy oJ4iCTepiHiH TapMXmu 5BOAIOLMACBIH Tajdjay >KoHe
KAMHUKAABIK ToXipmuOe Herisinge IloHceTmain XaaccukKaablK >KeHe MoAudUKaIVsIAaHFAaH XaTTaMa/apbIHbIH
TUIMAiAiTiH OaFasay.

Oaicrepi. 2021-2024 xp1agap apaabiFbiHAa «KUHETUK» MeAUITMHAABIK OpTaAbIFBIHAA Tya OiTKeH MaiiMaKTBIK
AnarHosbsiMeH eM aaraH 100 HayKacTbIH AepeKTepi OOMBIHIINIA peTpOCIeKTUBTI Taajay Xyprisiaai. Haykacrap eki Tornka
OeaiHail: Oakplaay TOOBI (n=59) kaaccukaawlk IToHceTm xaTTamachl OOMBIHIIIA eM aaAAbl, aa Herisri Tom (n=41)
MoAnuKalMsAAaHFaH IIPOTOKOA OoIibIHINA eMaeadi. bapasik Haykactap Ilmpanm mkaaacer GoiibiHIa OaraaaHAB,
peLnANB XX1iAiri, TUTICTey AiH Ke3eH caHbI JKoHe gepopMalis TypAepi capanTaaApbl.

Hotiokeci. Mogudukanmsaianrad XaTTaMa aTUIINMAABIK SKoHe TUIITIK MalIMaKTBIKTBIH aybIp JopeskelepiHje
aHaFypABIM Ty3eTyre MYMKiHAiK OepeTiHiH KopceTTi. Perinaus genreiti 12,3%-aan 7,3%-¥Fa Aeitin Tomenaeai. Kocvimima
TUIICTey Ke3eHiH eHri3y >KoHe OeKiTy4iH capaJaHFaH TeXHUKAChIH KOAJAaHY (PYHKIMOHAAABIK HOTIUKeAepAiH
JKakcapybIHa JKoHe HayKacTapAblH eMre OelliMAiAiriniH apTybIHa BIKIIaA eTTi.

KopboITeiHABL. AABIHFaH depeKTep Kypdeadi KAMHUKaABIK XKaFaaiidapaa IToHceTn XaTTaMachIH JKeKeAeHAIpyais
OPBIHABL €KeHIH Jaaeajeriai. MOAI/ICl)I/IKa]_U/I}IAaHFaH ToCia Tya OiTKeH MaliMaKTBIKTHI eMAeyAiH V3akK Mepsimai
HATIKeAepiH XKaKcapTyra aeyeTi Oap eKeHiH KopceTedi.

Tyitin cesagep: maiiMakThIK, 11loHCeTH oaici, MoauduKanusalaHFaH XaTTama, penuaus, [Iupann mxkaaacsl,

OpTOIIeAVIsL.
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Abstract

Idiopathic congenital clubfoot is one of the most common orthopedic deformities in newborns. Despite the
Ponseti method being widely recognized as the gold standard for treatment, the issue of relapse remains relevant,
particularly in severe and atypical cases.

The aim of this study is to analyze the historical evolution of treatment approaches for clubfoot and to evaluate
the effectiveness of the classical and modified Ponseti protocols based on clinical experience.

Methods. A retrospective analysis was conducted on data from 100 patients with congenital clubfoot treated at
the Kinetic Medical Center between 2021 and 2024. The patients were divided into two groups: the control group (n=59),
which received treatment according to the classical Ponseti protocol, and the main group (n=41), which was treated
using the modified protocol. All patients were evaluated using the Pirani scoring system, with further analysis of relapse
rates, the number of casting stages, and the nature of the deformity.

The results showed that the modified protocol provided more reliable correction in atypical forms and severe
degrees of typical clubfoot, reducing the relapse rate from 12.3% to 7.3%. The inclusion of an additional casting stage
and a differentiated fixation technique contributed to improved functional outcomes and increased patient compliance.

Conclusions. The data obtained confirm the rationale for individualizing the Ponseti protocol in complex
clinical cases. The modified approach demonstrates potential for improving long-term outcomes in the treatment of
congenital clubfoot.

Keywords: clubfoot, Ponseti method, modified protocol, relapses, Pirani score, orthopedics.
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Abstract

Tuberculosis is an absolutely controllable infectious disease. At the same time,
prevention, diagnosis and treatment of tuberculosis in Kazakhstan are absolutely free
and fully financed by the state. Central nervous system damage is often accompanied by
severe neurological deficit. Untimely diagnosis and treatment, as well as unfavorable
prognosis of central nervous system tuberculosis determine the constant interest in this
problem. This work reflects a rare lesion of the central nervous system on the background
of  disseminated pulmonary tuberculosis, with severe neurological deficit.

This article describes a case after 17 years after pulmonary tuberculosis, the process
spread to the  central nervous system and manifested severe neurologic deficits. On
admission to the neurosurgical department, the patient had inferior paraparesis and
neurogenic pelvic dysfunction. Timely surgical treatment with the use of modern
technologies, such as intraoperative neuromonitoring, made it possible to avoid
complications in the form of irreversible paralysis of the patient. The neurological deficit
regressed significantly on the background of the combination of surgical and

conservative treatment.

Keywords: extrapulmonary tuberculosis, tuberculoma, combined treatment.
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1. Introduction

Tuberculosis is a disease affecting various organs
and body systems. According to the World Health
Organization, by 2021, about 8 million people in the
world will be infected with tuberculosis annually, 15%
of which are extrapulmonary forms [1]. Central nervous
system (CNS) tuberculosis occurs in 5% of adult
patients and 30% of children. About 10% of all patients
with tuberculosis affect the central nervous system.
Tuberculosis presenting as an intramedullary lesion of
the spinal cord is rare, approximately 1-2 cases per
100,000 patients with tuberculosis [2-5]. According to
the authors, brain tuberculosis predominates over
intramedullary tuberculomas, the ratio is 42:1 cases. In
72% percent intramedullary tuberculomas are located
in the thoracic spine [4].

Nervous system pathology often accompanies
tuberculosis but is rarely diagnosed for many reasons.

Non-specificity of clinical symptoms, which may
look like any volumetric mass of the spinal cord.

2. Clinical Case Description

We report on this rare case of intramedullary
tuberculoma registered in the Multidisciplinary
Hospital named after Professor Kh.Zh. Makazhanov,
which developed as a result of disseminated pulmonary
tuberculosis, secondary serous tuberculous meningitis,

Normal blood and liquor values, absence of fever,
negative blood TB tests may be the reason for not
diagnosing spinal cord tuberculoma in a timely
manner.

Intramedullary tuberculoma mimics any other
intramedullary mass on radiologic diagnosis. A
tuberculoma may appear as a hypointense or isointense
mass, with contrast ring enhancement, features
characteristic of other pathologies as well. It is often
difficult to distinguish from a tumor or abscess [4-8].

Even if patients are not dangerous from the point
of view of infection of others (closed form of
tuberculosis without detection of mycobacteria in
sputum), we should not forget that the progression of
the process leads to a violation of the functional
component of the affected organ, which accordingly
leads to a decrease in the patient's ability to work,
quality of life, disability and, in the worst case, death of
the patient [4,5].

leading to lower paraparesis with neurogenic
dysfunction of the pelvic organs. Informed consent was
obtained from the patient for the use of clinical data in

this scientific publication.

Figure 1 - Contrast-enhanced MRI of the thoracic spine revealing an intradural extramedullary lesion at the Th10-Th11 level

Patient F. born in 1982. Admitted to the
department with complaints of severe limitation of
movement in the lower limbs, dysfunction of the pelvic
organs.

Pulmonary tuberculosis was first detected in 2003,
and received a full course of treatment with a favorable
outcome. He was registered at the dispensary and
regularly underwent examinations. The review X-ray
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from February 2019 shows residual changes after
tuberculosis. It was removed from the register.

Since 2020, he began to notice increasing weakness
in the extremities, followed by a loss of control over the
function of the pelvic organs, underwent an magnetic
resonance imaging (MRI) of the thoracic spine with
contrast, where the presence of intradural and

extracramedullary spinal cord formation at the level of
Th10-Th11 vertebrae was revealed (Figure 1).

Condition at the time of admission to the hospital:
complaints of weakness of both legs, inability to walk,
urinary incontinence, delay.

Figure 2 - Chest X-ray 01.09.2022Pneumosclerosis of the lungs, post-tuberculosis changes in the left and right lungs

Neurological status: Conscious, adequate,
oriented, markedly asthenic. Pupils OD=0S. Cranial
nerve function is normal. Lower paraparesis 2 points in
the right leg, 3 points in the left leg. Muscle tone is
decreased in both legs. Tendon reflexes are decreased in
the legs. Cannot stand in the Romberg position.

Performs the finger-to-nose test. Meningeal signs are

negative. Foot signs are negative. Neurogenic
dysfunction of the pelvic organs.

Methods: After preoperative preparation, an
operation was performed: Laminoplasty Th 10-11.
Microsurgical removal of an intramedullary tumor with
intraoperative neuromonitoring (Figure 3-5).

Figure 4 - Using a desector (insulated to the cutting edge), the formation was separated from the spinal cord with continuous
unipolar stimulation, which allows for minimal damage to the spinal cord
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Figure 5 - Further removal by biting and using ultrasonic suction

Postoperative and follow-up MRI scans at 2 the intramedullary lesion at the Th10-Thll level
months and 2 years after laminoplasty and removal of (Figures 6-8).

Figure 6. MRI control after surgery (condition after laminoplasty and removal of intramedullary formation at the level of the
bodies of the Th10 and Th11 vertebrae)

Condition at discharge: neurological status at findings, continued anti-tuberculosis therapy was
preoperative level. advised at the regional tuberculosis dispensary.

Neurogenic dysfunction of pelvic organs persists. Today the patient reports weakness in the legs.

Histological conclusion: Specific granulomatous Muscle strength in the legs is 4 points, neurogenic
inflammation (exclude tuberculosis). dysfunction of the pelvic organs has regressed.

Postoperatively, the patient was referred for
consultation with a phthisiologist. Based on the clinical

Figure 7 - MRI control 2 months after surgery (condition after laminoplasty and removal of intramedullary formation at the
level of the bodies of the TH10 and TH11 vertebrae)
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Figure 8 - MRI control 2 years after surgery

3. Discussion

Based on the patient's catamnesis, the result of the
histological conclusion was expected. In the described
case, the tuberculoma is a consequence of cerebrospinal
fluid contamination. Most of these tuberculosis are
treated conservatively, excluding cases with severe
spinal cord compression and neurological deficiency
requiring early surgical intervention [7,9,10].

Li H. et al. described a case series of 23 patients, 10
of whom had verified thoracic spinal tuberculoma, 6
cervical, 3 cervicothoracic and 1 thoracolumbar, and
three patients had multiple brain lesions. Nine patients
had a history of confirmed tuberculosis. Nineteen
patients had sensorimotor deficits depending on the
level of the lesion. Surgical treatment was performed in
21 patients, and restoration of sensorimotor function
was achieved in 17 patients [11].

Guirado V.M. et al. describe a case of tuberculoma
of the cervicothoracic region C1-Thl with lower
paraparesis and urinary retention; microsurgical
resection was performed followed by anti-tuberculosis
therapy; recovery took 6 months [12]. Ramdurg S.R. et
al. described a series of cases of spinal tuberculomas: 7
dorsal, 5 cervical, 2 cervicospinal, 1 dorsal-lumbar.
Sensorimotor deficit was detected in 14 of them. In 5
patients, the diagnosis of tuberculosis in the anamnesis
was confirmed. Indications for surgery were given to 12
patients, in 9 of whom significant recovery of lost
functions was observed [13].

Abhai S. et al. describe a case of cervical
tuberculoma with gradually increasing weakness in all
limbs. The patient has a confirmed case of pulmonary
tuberculosis with an outcome of tuberculous

4. Conclusions

The results of our surgical intervention together

meningitis, has been on anti-tuberculosis antibiotic
therapy for the last 6 months, weakness in the
extremities continued to increase. The patient
underwent an MRI of the cervical spine, where an
intramedullary ring was found, and on the next MRI
there was a clear increase in diameter. Total excision of
the spinal tuberculoma was performed. Duroplasty was
performed. After 6 months, the authors describe
significant improvement [14].

Prithvi Varghese et al. reported a case of cervical
tuberculoma in a 49-year-old woman who came to the
clinic with complaints of aching pain in the upper limbs
for 1 week. There was no history of serious diseases. An
MRI scan showed an intramedullary mass and enlarged
mediastinal lymph nodes. Due to the suspicion of a
neoplasm, the patient was prescribed corticosteroids.
An insignificant effect was achieved, and it was decided
to perform a fine-needle biopsy of the mediastinal
nodes, which suggested granulomatous inflammation.
The patient was prescribed a course of rifampicin and
isoniazid, after 2 months there was complete relief of
symptoms [15]. However, one should not expect that
anti-tuberculosis drug therapy will eliminate the need
for surgical treatment. A review of the presented
literature showed that surgical treatment of
intramedullary tuberculoma is an effective treatment
method and can achieve good results.

In the postoperative period, patients continue to
receive anti-tuberculosis therapy, which allows
achieving better clinical results.

(the patient moves independently with the help of a cane)

with drug treatment exceeded all expectations. At the with complete restoration of the function of the pelvic
control examination, the patient demonstrated regression organs. These results were achieved 2 months after the
of lower paraparesis from a deep level to a moderate one surgery.
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Tyiingeme

TybGepxyaes — ToAbIK, OakblaayFa 00AaThIH KyKHaabl aypy. ConbiMeH KaTap, Kasakcranaa TyOepKyae3aiH aaabiH
aly, AMarHOCTMKaJay >KoHe eMJey TeriH >KoHe MeM/eKeT TapallblHaH TOABIFRIMEH Kap>KblAaHABIpBlAadbl. OpTaablk
JKYJiKe >KYJeciHiH 3aKbIMJaHYBI JKIi aybIp HEBPOAOTWAABIK TaNIIBLABIKIIEH Oipre >xypeai. Kem amarsocrtmka >xoHe
eMJey, COHJali-aK OpTaAblK >KYMKe >KyleciHiH TyOepKyaAesiHiH KoOJAalchl3 0OAKaMbl OChI Macedere TYpPaKThI
KBI3BIFYIIBIABIKTBI TAHBITaABL. By SKyMbIc oKIle TyOepKyesiHeH TapaFraH ayblp HEBPOAOTHUAABIK TAIlIIIBLABIKKA 9KeATeH
OpTaAbIK KYMKe XXYyIeCiHiH cupeK Ke3AeceTiH >Kardalidbl CUIIaTTaliAbl.

Makaaaga exre TyOepKyAesiMeH aybIpFaHHaH KeifiH 17 >Kbla4aH COH OPTaAbIK JKYiiKe KylieciHe Tapaablll, aybIp
HEeBPOAOTVIIABIK TAaIIIBIABIK TypiHAe KOpiHTeH >Karaall cumarraarad. Helipoxmpyprusaasix O6eaiminere TyckeH Kesje
HayKacTa TOMEHIi Ilapariape3 >KoHe >KaMmOac MyllelepiHiH HellporeHAik aucpyHKOusAce OoaraH. Oraimriaik
HePOMOHUTOPUHT dJici CHMAKTEI 3aMaHayM TeXHOAOTHUAJAAapPAbl TalijalaHa OTBIPHII, YaKThIABl XUPYPIUAABIK eMAey
HaykacTa OOyl BIKTMMa/ KalTBhIMCBHI3 cald aypybl TypiHAeri acKbIHyAapAbl adAbIH adyFa KOMeKTecTi. XUpypIUAABIK
>KoHe KOHCepBaTUBTI eMAi OipikTipyAiH apKacklHia HayKacTa HEBPOAOTMAABIK, TAIlIIBIABIK aliTapABIKTall TOMeHAeAl.

TyiiiH ce3aep: exrieaeH Tric TyOepKyaes, TyDepKyaema, apalac eMJey.

Kavnan4geckmi cay4dan: VIHTpaMeayaasipHas TyOepKyaoMa IPyAHOIO OTgeAaa
CIIVTHHOTO MO3Ta
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Pesiome

TyGepkyaes spaseTcsi abDCOAIOTHO KOHTPOAMPYEMBIM HUHQEKIIMOHHBIM 3a0oaeBaHueM. B To xe Bpems B
Kasaxcrane mnpoduiakrtuka, AMarHocTuka U JedeHue TyDepKyaesa aOCOAIOTHO OeCrAaTHBI M IIOAHOCTBLIO
¢unancupyorca rocyaapcrsom. Ilopaskennue 1eHTpaabHOI HEPBHOM CHUCTE@MBI 4acTO CONPOBOXKAAETCS TKeABIM
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HeBpoJormyeckuM JeduunroM. HecsoespeMeHHas gmarHocTuKa U JedeHlMe, a TakK’kKe HeOJarompusATHBIN IPOTHO3
TyOepKy/e3a IIeHTPaAbHOI HEPBHOI CUCTEMEI OIIpeAeAsIOT ITIOCTOSHHBIN MHTepecC K 9Tol mpobaeme. JaHHas padoTa
OTpa’kaeT peKoe ITopa’keHNe LIeHTPaAbHON HEPBHO CIICTEMBI Ha (POHE AVICCEMUHUPOBAHHOIO TyOepKyAe3a AeTKIX, C
TS’KeABIM HEeBPOAOTMYECKUM Ae(PUIIUTOM.

B craTtne onmcan cayugaii, koraa yepes 17 AeT moce repeHeceHHOIo TyOepKy.Je3a AeTKMX OH pacIpOCTPaHNIACA Ha
LIEHTPaAbHYIO HEPBHYIO CHCTEMY U IPOSBMACSI B BUAE TSKEAOTO HEBPOAOTMYECKOro Jedpuiiura. Y HalMeHTa Ipu
IIOCTYILA€HUM B HepOXMPYprudecKoe oTjeleHUe HaOAIOAaAcs HIDKHMII Ilapariapes3 M HelporeHHas AMCQYHKIIMS
opraHoB Maaoro Taza. CBoeBpeMeHHO IIPOBeAeHHOe OllepaTUBHOe AeueHne C IpMMeHeHeM COBpeMeHHBIX TeXHOAOTI
KaK, MHTPpaollepallIOHHLIN HelIpOMOHUTOPVHT IIOMOIAM 130€e>KaTh OCAOXKHEHMIT B BIi4e HeOOpaTUMOII ITapaAn3aliin
nanyenTa. Hespoaormueckmii gepuIuT 3HauMTEABHO perpeccupoBaa Ha (pOHe COodYeTaHMs XUPYPIMIECKOro I
KOHCEPBaTMBHOIO A€UEHN.

Karouesble ca0Ba: BHeAeTOYHEIN TyOepKy.e3, TyOepKyaoMa, KOMOMHMPOBaHHOe AedeHle.
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O

Pe3ome

OcTteocapkoMa — 310KadecTBeHHasI OIIyX0Ab KOCTeli, BCTpedaloIasics OT O4HOTO A0 Tpex
c/ly4aes B Iog Ha MUAAMOH Yea0BeK. 3aboaeBaHIe MOYKeT BO3HMKATh B A1000M BO3pacTe,
O/AHAaKO 4Jallle Bcero HabAI0AaeTcs y 4eTell U MoApOCTKOB. BTopoit, MeHee BhIpakeHHBII
MMK 3a001eBaeMOCTU ITPUXOAUTCA Ha TIOXKUABIX A10Aeit cTapiie 60 aeT.

B nacroseir paboTe nmpeacTabAeH KAMHMYECKUI cAydali MaljieHTKN 65 AeT, KOTOPYIO
IepBOHaYa/AbHO A€4MAY OT OCTeOMMEANTa, A0 YCTaHOBAEHI OKOHUYaTeAbHOTO AMarHo3a
— «OcTeocapKoMa I11e4eBOil KOCT!». J1arHo3 OblA MOATBEPKAEH C MIOMOIIBIO AYIeBbIX
METOJ0B  BU3yaAM3allUM: peHTreHorpaduy, yAbTPa3ByKOBOIO  MCCA€JOBaHN,
KOMITBIOTEPHOI M MarHUTHO-PE30HAHCHO TOMOTrpaduIL.

BcTpeyaMocTh OCTEOCApPOKMBI Y B3POCABIX COCTOBASIET 1% cAydaeB, UTO MOAYEPKUBAET
CAOXHOCTb AVMAaTHOCTUKM WM3-3a PEAKOCTM U HecIenuUUHOCTU CUMIITOMOB, 4acTO
CXOXXUX ¢ octeoMueanTom. [TosToMy ocTeocapkoMy caeayeT pacCMaTpUBaTh KakK OAVIH
113 OCHOBHBIX Au(pdepeHIaabHBIX AVIaTHO30B B TAKMX CAy4asx, IIOKa He OyZeT 40Ka3aHO
obpaTHOe.

KaioueBnie caosa: OocCTeoCapKoMa, OCTeocapKoMa I1/1€4eBOll KOCTU, OCTeOMUEeAUT,
OcCTeoCapKoMa y B3pOCABIX, paa1OAOT .

1. Beeaenue

OCTeOCapKOMa — DTO 3/40Ka4deCTBEHHasI OIlyXOAb

KOCTH, BO3HIMKaIOIIast nu3 Me3eHXIMMbI u

XapaKTepu3youiasiacs IIpOAYKIY uemn ATUIINTYHOTO

ocreomga ¥ KOCTHBIX CTPYKTyp, 340KauyeCTBEHHO
npoAnQeprpyOmIMI

OIIyXOA€BbIMMI KaeTKaMU,

CIIOCOOHBIX  AuPPepeHIINpOoBaThCsI B HaIpaBA€HUN
XpAlla MAM KOCTU. OTHOAOIUS OCTeOCAapKOMBI B
60ABIIMHCTBE CAyJaeB Hen3pecTHa [1].

OTHOCHUTEABHO

OcreocapkOMBEl  BCTpeYarOTCs

peako. B Mmpe 3aboseBaeMOCTh OCTeOCapKOMOIA

Trauma & Ortho Kaz, 2025, 76 (3)
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COCTaBAsleT OT OAHOTO AO TpPEX caAydaeB B IOJ Ha
MIAAMOH yea0Bek. OcTeocapkoMa MOKeT BCTpedaThCs
B AI000OM BO3pacTe, OJAHaKO HamboJee 4YacTo
HabAIOAaeTcA y AeTell U TOAPOCTKOB (CpeAHMIT BO3pacT
18 aeT), a Takke O0aee HU3KUI NUK 3a00A1€BaEMOCTU
NPUXOAUTCA Ha TTOKUABIX A10Aeit cTapiie 60 aeT [2].

Peakxass BcTpe4aeMOCTh OCT€OCapKOMBI MOSKET
CTaTh MPUYNHOI OIIMOKM B IIOCTaHOBKE AMarHoO3a P
MnepBUMYHOM oOOpameHnn K Bpauy. OcTreocapkoMa
XapaKTepU3yeTCsl arpecCUBHBIM TeU4eHVeM U OBICTPBIM
reMaTOTEHHBIM MeTacTa3MpOBaHNEM, 9TO
00ycaaBAMBaeT BHICOKMI ITPOIIEHT 3allyIleHHOCTY IIPK
BBISIBAEHNY 3a00A€BaHMs.

I[lo aaHHBPIM  KAMHUKO-3HUAEMUOAOIMIECKIIX
XapaKTepucTuk capkom Kocreit B Kasaxcrane B 2019
rogy Obla0 3apeructpmposaHo 32573 HOBBIX caydast
3/0Ka4eCcTBeHHBIX HOBoOoOpasosanuii (3HO), us Hux ¢
capkoMamu xocteit — 150 (0,5%) narmenTos. Cpean 150
clydJaeB CapKOM KOCTel, 66% OCTeOTeHHOM CapKOMEI
IIPUXOAMAOCH Ha BO3pacTHyI0 rpyniy 4o 20 aet, 39% -
Ha rpymmy 20-34 roaa, 21% - Ha 45-54 roga. Capkomsl
KOCTell Han0o/1ee 9acTo BCTPEYAACh B AAVHHBIX KOCTSIX
HIVDKHMX KOHeJHOCTelt — 41% 1 BepXHMX KOHeJHOCTel —
26%, a Tak>Ke B KOCTSIX Tasa, KpecTIlia 1 KOIT4MKa — 17%,
pebpax, rpyanne u kaodute — 6% [3].

OcnoBHass Macca (okoao 80%) ocreocapkom
pasBuBaeTcsa B MeTapu3ax AAVHHBIX TPyOJaTBIX KOCTEI
30HBI KOJAEHHOTO CycTaBa (AMCTaAbHBIN MeTadus
OeApeHHOI1, IIPOKCHMAaAbHBIE MeTapU3HI
Ooablle0epIIoBOl M MaaA00epIioBOM  KOCTeil) U
IIPOKCHMMAAbBHOM  MeTa(use  IIA€YeBOM  KOCTI.
[TepeuncieHHbIe OTAEABI CKeAeTa SIBASIOTCA Hambozaee
OTBETCTBEHHBIMI 3a poOCT. VIMeHHO 34ech IMpOTeKaloT
caMble aKTUBHBIE IIPOIIECCHI POCTOBOTO OCTEOTEHE3a,
9TO, IIO-BUAVIMOMY, SABAsETCs 00ABIIel BePOsITHOCTBIO
OIIyX0/€BOJ TpaHcopmauyn y geteii [1]. ¥ mosxxmasix
a104e71 crapiie 60 AeT pa3BUTIe OIIYXOAY MOXKeT OBITH
APYTUMU
3a004eBaHMAMM, BO3HUKIIIUMU K BTOMY BO3pacTy, UAU

CHpOBOLU/IpOBaHO KOCTHBIMMU
CBsI3aHO C HEPEHeCéHHbIM O6Ay‘IEHI/IeM.

HaI/I6OAee YaCTbIM KAVMHNYECKIM HPO}IBAeHI/IeM
OCTEOCApPKOM SIBASIETCSI ITOCTOSIHHBIN, YIIOPHBIL I
DoaeBoII

HPOrpeccupyION it CUHAPOM,

npenMyIimecTBeHHO B HOYHOE BpeM:l. Qame BCero
2. IIpeseHTarms KAMHNMYIECKOTO CAydJast

IMTanimentka, 65 aer, B oOKTAOpe 2024 TO4a
oOpaTnaach K HapOAHOMY LIeAUTeAIO 110 II0BOAy Ooaelt
B oDaacTu IIpaBOTO I1A€YeBOTO CycTasa. Bo Bpems
BBIIIOAEHEHIsI ITPOIeAyPbl PacTsAXKKU IIPaBoil BepXHell
KOHEYHOCTM ObLA1 OTMeuyeH BHIPa’KeHHHIN XPYCT, Iocae

60.1€eBOI1 CUHAPOM CBSI3bIBAIOT C TPABMOJI AU YIITOOM,
U B OOABIIMHCTBE CAydYaeB TaKue IIalMeHThI
IepBOHavYa/AbHO OOpaIlaloTCsl K TpaBMaTOJAOraM UAMU
opromejaM, 4TO IPUBOAUT K YBEANYEHMIO CPOKOB
IIOCTAHOBKM  IIPAaBMABHOIO JAMarHo3a I Hadaala
COOTBETCTBYIOIIIETO Ae4eHms. Co BpeMeHeM
MOsBASIETCA AOKaAbHas OTeYHOCThb, TUIIePTePMU I
IUIIepeMs KOSKHBIX IIOKPOBOB [4].

DTH HpU3HAKM U CUMITOMBI MOXXHO CIIyTaTh C
pacpocTpaHéHHBIMU

npodaemMaMu OIIOPHO-

ABuraTeApHoro  ammapara. Hamboaee — BakHOII
nHdpopManueil, KOTOPYIO BpauM UCIHOAL3YIOT AAs
MOCTaHOBKM  AM(PPepeHnNnalbHOTO AUar"Hosa IIpu
OIIYXOAX KOCTel1, SBASIOTCS pe3yAbTaThl
KAMHIYECKOTO 00CAeA0BaHMs UM PEeHTIeHOAOTUMYeCKMX
McCcAeA0BaHUIA.

AAs  TIOCTAaHOBKM OKOHYAaTeABHOTIO  AMarHo3a
IIPOBOAUTCA TUCTOAOTMYECKOe U AOIOJHUTEAbHBIE
AabopaTopHble nccAejoBaHM:A oImyxoamu [5]. Bpems
ITIOCTAaHOBKM AMarHo3a MMeeT pelIaollee 3HadeHIIe,
MIOCKOABKY OHO OIlpejeaseT BbIOOp JAedeHUsA U
BO3MOXXHOCTb COXPaHEHMs KOHEYHOCTM, 4YTO IMeeT

AOATOCPOYHBIE (l)I/IBI/I‘IECKI/Ie n  IICUXOAOrm4deckKune

I10CAeACTBIL.
YaurtsiBas PeAKOCTb 48 BBIIIIE€OITVICAHHBIE
HECHELU/I(l)I/I‘IECKI/Ie KAMHINYEeCKIue IIPOsIBACHII

OCTEOCapKOMBI, KOTOPYIO TpyAHO AnddepeHIIpoBaTh
¢ Apyrumu 3a601eBaHNSIMM KOCTel (OCTeOMIEeANT), MBI
IPUIIAN K BBHIBOAY O HeOOXOAMMOCTHU ITyOAMKaIum
AAaHHOTO  KAMHMYECKOTO cAy4das AAst  OoAbIIeit
OCBE4OM/EHHOCT! Bpadell TPaBMaTO/A0TIOB, XUPYPIOB,
OHKO/OTOB, Bpaydell Ay4YeBOV AMArHOCTUKU U APYIUX
crielaabHOCTe.

Hamm mnpeacraBaeH  KAMHMYECKUIA — cAydait
OCTEOCapKOMBI BBISIBACHHOJM C IIOMONIBIO MeTOJAO0B
(MPT),

xkommbotepHoil ToMorpaduu (KT), yasTpazsykosoro

MarHUTHO-PEe30HaHCHOI ToMorpapumn
PEHTTeHO0TMYeCKOTO MCCAeA0BaHMSA Y 65-Tu AeTHel
JKeHIIUHBI, C OCTeOCapKOMOil IIpaBOTO Illedya C
IpopacTaHueM B 00ABIIYIO IPYAHYIO, IT0AA0I1aTOYHYIO,
HaJOCTHYI0 M  THOAOCTHYIO  MBIIIIBI  CIIPaBa,
AECTPYKITUell MPOKCUMaAbHON TPeTH I1Ae4eBoil KOCTH,
MeTacTa3aMu B AeTkue, TpoM003 sipemHoi Bensl, ECOG

IL.

4ero MosIMBUAMCh UHTEHCUBHBIE D041, 3a DKCTPeHHON
MeAMITMHCKOM ITOMOIIBIO HalleHTKa He 0Dparraaach.
Uepes aBe Heageanm B CBA3M C HapacTaHMeM
CMMIITOMOB TIal[Me€HTKa CaMOCTOATeAbHO 00paTmaach B
OpuéMHEBI  1OKONM MuoronpoguarHoi  004acTHO
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0OABHUITBI (MOB) .

TroClimnuTaAmn3poBaHa M IIpOXodusaa CTallMOHapHOe

Akray, rae Oblaa
aedenne. [IposegeHO omepaTHBHOe BMeIIaTeAbCTBO:

OTKpBITas  Perno3unus M  OCTEOCUHTe3  IIpaBOil
I11€4eBOi KOCTM C MCIOAb30OBaHMEM IIAACTUHBI U

BVIHTOB.

Crycrs Mecs1] Iocae orlepalui rayeHTKa BHOBb
OTMETIAAa OTeYHOCThb IIPaBOV BepXHeV KOHEYHOCTH.

Obpartnaach B MOAMKAMHUKY IO MeCTy >KUTeAbCTBa,

OTKyJa ©a%E} HalpaBJeHa Ha I11aHOBYIO

rocuraansanuio. B aexaOpe 2024 rosa B yca0BUAX
MOb r.Axray

BBITIOAHEHO yAdaaeHue

METaAAOKOHCTPYKIIMIM IIpaBOM II1A€4eBOV KOCTU U
BTOpMYHasl Xupyprudeckas obpaborka (BXO) pans
(Pucynok 1).

Pucynox 1 — I1pasoe naeuo. Cocmostiue nocae YyoareHus Memarr0KoOHCHPpY KU npasoil nAe4esoti Kocmu:

omex, cunepemusl, HaAuvue paHol

B mnocaeonepanmoHHOM Ilepuojge OTMeydaloch
yAydilleHue cocTosAHus nanueHTkn. OgHako yepes aBa
MecsIa BHOBb NOSIBMAACh OTE@YHOCTh U HaAW4Me PaHbl.
B cBasum ¢ uyem oOpaTmaach B KOHCYAbTaTUBHO-
AVIATHOCTMYECKOe oTAeAeHue Hammonaasaoro
Hay4yHOTO IIeHTpa TPaBMaTOAOTMM U OPTOIEAUU VM.
akagemmuka H.J. barnenosa, g4asd onpejeaeHus

AAAbHENINEeN TaKTUKU A€UeHsI.

Ilo saHHBIM peHTreHOrpaduUM IIPaBOIl I11€YeBOII
KOCTM: PEHTIeHOAOIMYecKass KapTHHa XPOHMYECKOIo
ocreomMmeaAnTa ¢ HaanaueM AedeKra KOCTHOM TKaHU B
BepxHeil TpeTu auadusa I11€4eBONl KOCTV; a Takxke
NpU3HaKM 3acTapeAoro BbIBUXa TI'OAOBKM IIPaBOi
rnaedepoit Koctu (PucyHok 2).

Pucymox 2 — Penmeerozpamma npasoti naeuesoii Kocmu 6 08Yx HpoeKkyusx

OrmevaeTcs  QparMeHTauNsl BepxHel TpeTu
Anadusa 11e9eBoil KOCTH, IIpeAcTaBAeHHas OTAeABHO
PacIIOA0>XKEeHHBIMU KOCTHBIMU (pparmeHTaMu. Jedekr

KOCTHOI TKaHM OKkoa0 6 cMm. Crpykrypa auadusa

I1Ae4eBO KOCTU Ppe3Ko nMopoTuIHasA, HeTOMOT€HHas 3a

cuer MHO>KeCTBEHHBIX y4acTKOB pa3pe’keHnt

IIAOTHOCTU KOCTHOW TKaHMU.
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l'oaoBka 1ae4eBOVi KOCTM JeLleHTpUpOBaHa B

KayJaZbHyI0  CTOPOHYy  OTHOCUTEABHO TIJeHOouAa

A0IIaTKM, paClioA0>KeHa B II0A0KEHNM BbIBIIXA.

Qucryaorpapuss —  KOHTpPacTHOeE  BeIeCTBO
BBE€AEHO B CBUILIEBOJ XOJ, PacIIOAOKEHHBIN B MATKUX

TKaHsX BepXHeil TpeTu Impasoro naeva (Prucynoxk 3).

Pucyrox 3 — Ducmyaozpadust 6 dsyx npoexi,usix

Konrpactupyercss moaocTb B MATKMX TKaHIX
cpeaHell TpeTu I1deda pasMepom 7,5x4 cM, KOHTpacT
IIPOHUKAaeT B CTPYKTYpy CpeaHell Tpetu auadusa
I1.1€49eBOVI KOCTMU.

ITpu nmposeaennn Y3V MATKMUX TKaHei IIpaBOTO
naeda (anmapart Samsung Medison HS50, anmeitHbii
3,4-5,4mI ')
MATKOTKaHHOe oOpa3oBaHMe IIpaBoOIO  I11€4eBOTo

AAT4dUK OTMeYaeTcst o0beMHOe,

CycCTaBa, CBsI3aHHOE€ C  KOCTHBIMI  CTPYKTYpaMIL.

1 Pacct 348 cm
2 Paccr 220 cm

Obpasosanne PpacIioA0XeHo «MyPTOOOPa3HO»,
CIIyCKaeTcsl BAOAb  ILA€UeBOM  KOCTH, 3aHMMAaeT
(TrpopacTaeT) MpaKTUIeCK) BeCh OOBEM MATKIX TKaHel
A0 AOKTEBOTO CyCTaBa C IPOAOAYKEHNEeM Ha BEpPXHIOIO
TpeTh npeanaeubst (Pucynox 4). Vismepenne o0nema
oOpas3oBaHIs TeXHMYEeCKM 3aTpyaHeHo. KoHTypol
HepOBHBle, OyrpucThle. 3aKAlOueHNe: MATKOTKaHHOe
o0OBeMHOe 0Opa3oBaHle IPaBoli BepXHeil KOHeYHOCTH C

nopaxkeHueM 4syx cycrasos. OcreoSa?

Pucynox 4 — Y3W mazicux mxaneii npagozo nieva

OHpe,ZI,eA}IeTC}I O6’L€MHO€, MATKOTKaHHOe

TUIIODXOT€HHOe, HEOAHOPOAHOe oOpa3oBaHue C

HEPOBHBIMI, 6yl"pI/ICTbIMI/I KOHTypaMu IIpaBoOro

I11e4eBOTO  CyCTaBa,  CBf3aHHOE C  KOCTHBIMU
crpykrypamu. B IIAK  mmeer

IMaTOAOTUYECKUI KpOBOTOK.

COOCTBEHHBIN

MPT-nccaeaoBanue IpaBoro I1A€4eBOTO CycCTaBa
6110 mposedeHo Ha anmapare Toshiba Excelart

Vantage, ¢ maaykimeit maroutHoro noas 1,5Ta B

CTaHAAPTHBIX KOPOHapHOJA, CcaruTTaAbHOM u
akcnaapHOM mpoekuuax, B T1, T2, PDFSat n STIR
VMMIIYyAbCHBIMM OCAed0BaTeAbHOCTAMU (PrcyHok 5).
3akaouenne MPT: MP-kaptuna 00BeMHOTO
mporiecca BepxXHell TpeTM IIpaBOrO  IiAeda, C
AeCTpyKIIMell IpOKCUMMaAbHON TPeTHU I1Ae4eBOi KOCTH,

C paciipocTpaHeHeM 00BEMHOTIO IIponecca Ha KaIlcyay
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cycTaBa, IIOAAOIIATOYHYIO, IIOAOCTHYIO,  MaAyloO (HEKpOTUYECKOI1?) IT0AO0CTHU B CTPYKType 00pa3oBaHIs,
Kpyraylo, OOABIIYIO KPYIAYI0 MBI U OOABIIYIO C >KMAKOCTHBIM cogepXKuMbIM (OsteoSa?).
TPYAHYIO MBIIIIIBI CIIPaBa, C HaAM4leM AeCTPYKTUBHOI

A b
Pucynox 5 — MPT npasozo naeuesozo cycmasa 6 PDFSaT. A) axcuarvnas npoexyus b) xoponapnas npoexiust

B CTPYKType BEpXHEro oTaeaa rnieda IMOAAOIIATOYHOM,  ITIOAOCTHOIA, MaAOll  KpYraoi,
onpeaeAseTcs 00 BEMHBIN KOMIIOHEHT, C 0OABIIION KPYIAOW MBI, U OOABIION TPyAHOI
HEOAHOPOAHBIM, n30-, IMIIepUHTEeHCUBHBIMU MBIIIIIBI  CIIpaBa, C HaAM4MeM AeCTPYKTHBHON
CUTHa/laMM, C HEPOBHBIMM OYTPMCTBIMU KOHTypaMl, (HexpoTmdeckoii?)  moaocTM  (yKasaHa  Iroay0oii
3aHMMaIOIee BCe MBIIIILI BEepXHel TpeTu Ilaeya, CTpeAKOIl) B CTPYKType 0OpasoBaHMs.
pacIpocTpaHsIoneecs Takxe B IIPOEKIIUIO

Pucyrox 6 — MPT npasozo naeuesozo cycmasa 6 T2 STIR, axcuarvnaa npoexyus. Cmpeaxoi yKasana noAocHb
decmpyKuuu, Co C6UUEELIM KARAAOM, wupunoir om 7,0mm 0o 21mm u eayduoii do 60mMm, 6 Komopoti ommeuaemcs
YposeHv xKudxocmu

Pucyrox 7 — MPT npasozo naeuesozo cycmasa 6 T2-BU, xoporapnas npoexyus. Cmperxoti ykasamna 4acmbv
20A06K U NPABOTE NAEHE60H KOCTMU, NPOKCUMAALHDIIL MemaduaPus Kocmu He 0npedeAsentcs 3a cuerm blpaxerHozo
decmpyKmueHozo npovecca
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KT wnccaegoBanme opraHoB IPyAHONM KAETKU C
KOHTpacTUpoOBaHueM ObL10 IIPOBeeHO II0 IIporpaMMe
ToraxAngio 5/5 MM ¢ nIpuIieAbHBIM UCCAEAOBAHIEM 110
nporpamMme 1/IMM, ¢ B/B  KOHTpacTMpOBaHUEM
npenapatoM «Burekcoa» 350-70 mMa Ha amnmapare
Siemens SOMATOM Definition AS 40.

3akatouenne: KT-xkapTuHa obpa3osaHMs HUKHEI!
AOAU IIPaBOTo AerKoro (mts?). YuacTku mHQUAbBTpanuu
IIPaBOIo A€rKoro. AteaeKras BepXHell ¥ HUXKHe 404N
npasoro Aerkoro. HezHaunTeapHBIN BBIIIOT B IIpaBOI
naespaapHO 1moaoctu. OObeMHOe MATKOTKaHHOe

oOpasoBaHNe IIpaBoro I11e4a, C paclpocTpaHeHleM B
604BIIYIO TPYAHYIO, IIOAAOIIATOYHYIO, HaAOCTHYIO U
MOAOCTHYIO ~ MBIIILBI  CIpaBa, C  AUTUYECKOM
AeCcTpyKumel I1e4eBOi KOCTU U HaamdneM AedeKra
MATKMX TKaHelI Ha YypoBHe ¢/3 IIpaBOro IiledYa
(OsteoSa?). Tpombormueckass Macca B IMPOCBETe

sipeMHOM BeHbI cripasa (PucyHok 8).

L

#d

Pucynox 8 — KT opzaros zpyonoii KAemku u nAeuegoblx Cycmasos, KOpoHapHas npoexuus

Omnpeaeasercs oOBeMHOe MSITKOTKaHHOE
oOpa3oBaHMe  IIpaBOro  Ildeda C  HEYETKUMI,
OyrpucTeIMU KOHTYypaMI, pasMepamu 40

15,2x14,3x24,8cMm, ¢ pacrpocTpaHeHneM B OOABIIYIO
TPyAHYIO, IOAA0IaTOYHYIO, HAAOCTHYIO U MOJAOCTHYIO
MBIIIIIEL CIIPaBa, ¢ HaAnaueM JedeKkTa MTKIX TKaHell

Ha  ypoBHe  CpeJHeil  TpeTw,  oOOpasoBaHUE
HEOAHOPOAHOM CTPYKTyphl, TaK >Ke OTMedaeTcs

AUTUYECKAS A€CTPYKINSI IIPABO I1A€YEBOI 40 HVUKHE

TpeTH.

Pucynox 9 — A) KT opzarios epyorioti kaemxu, xkoponaptas npoexyus. b) KT opzatios zpyonoii kaemku, axcuaroHas
npoexuus, apmepuarvnas $asa KoHmpacmuposarus

O0beM IIpaBOro A€rkoro yMeHbINEH, B IIap€HXIMMe IIpaBOIO AE€TKOro OIIpeaeAaseTcs O6IJ.II/IprII7[ y4acTOK

KOHCOAMAan M ¢ HEYETKMMY, HEPOBHBIMM KOHTYpaMl, C BUAVIMBIMU ITPOCBETaAaMU 6pOHXOB B CTPYKTYype€, Ha Cl)OHe

KOHCOAMJauuu B S6 cerMeHTe IIPaBOTO AerKoro olipejeAseTcss OKpyraoe oOpaszoBaHMe (yKasaHa CTpeAKoOli), C

HEYeTKUMM KOHTypaMu, pasMepaMu 40 4,0x3,5cMm.



BBICTaBNAN AVMArHo3 OCTEOMMEANT, IIO0 KOTOPOMY OHa

rnoaydyala AJedyeHMe, OJHAKO, OHO He Jalo
HoAoXureapHoro  s¢dexra, YTO0 IpMUBEAO K
I1epecMoTpy AyiarHosa u IIpOBeAeHNNU

AOINIOAHNTEABHBIX ME€TOA0B VCCAeAOBaHI.
HawubGoaee paciipoCTpaH€eHHbIMI  IIpU3HaKaMU

paka  KOCTeil  SABASIIOTCS  peTrMOHaApHAsl VAN
A0KaAM30BaHHAs 6045 c COITYTCTBYIOIIE
YyBCTBUTEABHOCTBIO u orpaHNYeHNEM

ITIOABVI>KHOCTI. Otu IIpyM3HaKMM " CUMIITOMBI HY>KHO

anddepeHIIPOBATH c
TpaBMaMM

pacIpocTpaHEéHHBIMM
OIIOPHO-ABUTAaTEeABHOTO
armaparta. OcTeocapKOMBI MOTYT BBI3BIBATL 00Ab B
HOYHOe BpeMsl, ITaToAOTMYecKNe IIepe oMbl U BBHIBUXMU
CyCTaBOB, OAHaKO B®TU CHUMIITOMBI BCTpeYaroTCs
HeyacTo. V3-3a arpeccuBHON HpPUPOABI paka KocTel
TOYHas AMarHOCTMKa MMeeT pelllaollee 3HaUeHNe AA5
3¢ PeKTUBHOTO 1 OKOHYATEABHOTO A€U€HNs.

/lygeBple METOABI AMATHOCTUKM HEOOXOAUMO
HasHayaTh IIpM  HaAWYMM  IOCTOAHHOM  UAM
MOBTOPSIIONIeNicsl 00AM B KOCTSX MAM OTEKa MITKMUX
TKaHell Oe3 IIPM3HAKOB TPaBMBEI, A4S YCKOpeHUA U
YTOUHEeHNs IIOCTaHOBKU AMarHosa.[6]. Yua coobmmua,
4TO ecAm peHTreHorpadus Oblaa cAelaHa IPU ePBOM
IocelleHnn, TO 3ajep>kKKa B IIOCTaHOBKe AlarfHosa
cocraBasda B CpejgHeM BOceMb HeJeAb IO CpaBHEHUIO C
AeBSITHAAIIAThIO HeJeAsIMU, eCAU peHTreHorpadus He
Oblaa caeaaHa.

Taxum obOpasom, npu auddepeHIaibHOM
HeobXoAMMO

AVaTHOCTUKEe OCTeOCapKOMBI

KAVTHITYEeCKoe O6C/1€,ZI,OB aHue 1 Ay4deBble MeTOAbI
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Pucyrox 10 — KT opzaros zpyoroti kAemku AKCUAADHAL NPOEKY U, APMEePUarbHad Gasa KoHmpacmuposarusl.
B npocseme spemnoii eetor cnpasa onpedersemcs mpomobomuneckas macca (Ykasara crpeaxoir)
3. O0Ocyxaenne

Oco0OeHHOCTBI0  BTOTO  KAMHUYECKOTO — cAydas JICCAeAOBaHM S [7]. BaTtem IIPOBOAUTCS
SIBASIETCS BBIABAEHIE OCTEOCAPKOMBI Y MalIeHTKM 65- IICTOAOTITYEeCKOe MccaesOBaHe OIlyXOAMU n
TU /€T, TaK KaK TOABKO 1% caydaeB ocTreocapKOMBI HeoOXoAMMBIE  AOIIOAHUTEAbHBIe  AaDOpaTOpHBIe
BCTpeyaeTcs y B3pocablX. VI3HayaabHO IIaljMeHTKe Ipoueaypsl  AAs  IOCTaHOBKM  OKOHYaTeAbHOIO

amnarHosa. Tem He MeHee, IpexXge uyeM ITOABepraTh
nalyeHTa Kako-AmOO WMHBAasMBHONM IIpoleaype, y
CIIeNIMAANCTOB AOAXKeH OBITh paboumii AMarHos MAu
CITVMCOK BO3MOXKHBIX AU depeHInaibHbIX ANarHO30B.
Oanako, mpexxJe 4eM IIOJBepraTh IaIyieHTa KaKoli-
AMOO MHBA3MBHOI IIpolieAype, CIIeINaANCThl 40AXKHBI
IIOCTaBUTD ITPeABapUTEABHBIN AMArHO3 VAU COCTaBUThH
CIIVICOK BO3MO>KHBIX AU PepeHIINaabHbIX 41arHO30B.

3agepXKy  MeXJAy ~ IIOsABA€HUEM  IIePBBIX
CUMIITOMOB y TallyieHTa ¥ MepBBIM BU3UTOM K Bpady,
BO3MO>KHO, HEBO3MOXKHO M3MEHUTh, HO COKpallleHue
mepuoja OT IIepBOrO MeAUIIMHCKOTO OCMOTpa A0
IIOCTAaHOBKM TOYHOTO JAMarHo3a — eAVHCTBEHHBIN
Cr1I0cO0 COKPaTUTh OOIIYIO 3a4ePKKY.

Widhe B et al. Takkxe ykazaamu, 4To OJHUM U3
¢dakTopos HeCBOeBpeMeHHOI AVIaTHOCTUKMN
0CTeOoCapKOMBI 3aKAI04aeTcs B TOM, 4YTO JAeyeHUe II0
APYTOMY AMarHosy IpPOAO/AXKAeTCs CAMIIKOM JOATO
HeCMOTpsl Ha TO, 4TO KAMHUYECKas KapTUHA He
COOTBETCTBYeT OXMAAaeMO} Ipu IepBOHaYaAbHOM
AmnarHose. DTOT (aKTOp UMeeT pellaioliee 3HaYeHNe,
IIOCKOABKY OH MOXEeT TIPUBECTM K YXYAIIEHUIO

IIPOTHO3a ¥ 3HaYUTEAbHBIM IIOTepsIM [6].



Trauma & Ortho Kaz, 2025, 76 (3)

2 0f 10

4. BeIBOABI

OcreocapkoMy KAMHMYECKN MOXKeT UMUTUPOBATh
Apyrue, 0oaee pacIpocTpaHEHHBIe 3a00/1eBaHILI
OIIOPHO-ABUTaTeAbLHOTO  ammapaTa.  llosblieHne
BBDKVBA€MOCTM IIAIJM€HTOB C OCTEOCapKOMOW BO
MHOIOM 3aBMCUT OT CIIOCOOHOCTM KAMHMIIMCTOB
pacriosHaTh  3a0o0JeBaHmMe Ha  paHHeNl  CTaguu
CBOEBpEeMEeHHO Ha3HauMTh aJeKBaTHOe AedeHIe.

Ecan Ha paHHeilt cTagum A10600r0 KOCTHOTO OTEKA B
HETUIINYIHO A0KaAU3aun 3aI10403pUTh
OCTEOCapKOMY, B®TO 3HAUMTEAbHO CHU3UT PUCK
ITOCTAaHOBKM OIIMOOYHOIO AyarHosa. Takoil I04Xxo4,
ITO3BOAUT KOHEYHOCTb  C

COXpaHUTDb ITIOAHBIM

YAaaeHneM o4ara ITOpa’kXeHN:s 1 3allaCcoM 3AOpOBOI7I

IlpeacraBaeHHBIN HAMU CAydali OCTeOcapKOMa IIpaBoii

I1e4eBoil  KOCTM  JOKashbiBaeT  HeoOXOAMMOCTh
TIIaTeAbHOTO 00CAeA0BaHNs MTalleHTOB B OTAEeA€HUAX
Ay4eBoit AVaTHOCTUKA. HeamnarnoctuposanHas
ocTeocapKoMa 1MeeT He5.1aroIpyATHBIN CXO0A, MOXKET
CTaTh NPUYMHOM Pa3BUTUS MeTacTa3oB U APYTUX
CepPbe3HbIX OCAOXKHEHUIA.

Konpankr muTEepecosB: ABTOpPHI 3asBASIIOT 00
OTCYTCTBUU KOH(PAUKTA MTHTEPECOB.

DuHaHCHMPOBaHUA He ObL0.

Bkaaa asropos: Kounenrtyaamsanmsa - C./.;
Metogoaorus — C.E.; mposepka - C.A, CE.;

¢opmaarnsit anaans —. C.A.,, C.E., A.A.; nanncanue

TKaHM, COXPaHMB IIPM BTOM OCHOBHBIE CTPYKTYpPBI U (opurmHaabHas depHoBasg 1mogroroska) - C.E.;

CyCTaBHbIE ITOBEPXHOCTH 2451 rnoaAep>KaHus HanucaHue (00630p u pegakruposanne) — C./., C.E.

CTadMABHOCTU n Cl)yHKL[I/IOHaABHOCTI/I I1e4da.
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KanHnkaapIK >Xaraan:
VIbIK cylieTiHiH OCTeocapKOMacChIH AMarHOCTVMKaJAayablH KypAeaiairi
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Tyiingeme

OcreocapkoMa >KblAbIHA MIUAAUOH ajaMfa 1-3 KaFaaligaH KeAeTiH cyliekTepaiH kaTepai iciri. OcreocapkoMa
Ke3 KeATeH >KacTa Ke3Jecyi MYyMKiH, Oipak keOiHece Oasasap MeH >Kaceclipimgepae Oaiikaaaabl, COHAali-aK
aypylIaHABIKTBIH TOMeH 1ieri 60 )kacTaH acKaH erge >kacTarbl ajamaapaa Tipkeaeai.

bya makaaaga 65 >xacrarbl aliea IalieHTTiH KAMHUKAABIK KaF4alibIH YChIHAMBbI3, 04 aAFalllbIHAA OCTeOMUEeAUT
peTiHae emMaeAreH, KeliH «MBIK CYMeriHiH ocTeocapKOMachl» AMAarHo3bl KoiblaraH. OcTreocapkoMa cayaAedik 3epTrey
daicTepi — peHTreHOrpadusl, YATPaAbIOBICTEIK 3€PTTEy, KOMIIBIOTEPAiIK TOMOTpadus >KoHe MarHUTTiK-Pe30HAHCTHIK,
ToMOrpadust apKbLABI aHBIKTaAabL.

Epecexrepae octeocapkoMa OapablK >KardaniadapAbslH 1%-bIH Kypaiiasl, Oya aypyAblH CHpeK Ke3jeceTiHAiri
>K9He OCTeOMIEANTKe YKcac crieninduKalblK eMec Oeariaepine OailaaHBICTH AMATHOCTMKAHBIH KypAeAiairiH kepcereai.
CoHgBIKTaH MYHJall >kafjgaiilapja ocTeocapkoMa 0Oacka ceOemnTep >KOKKa IIBIFApblLAFaHFa JeliiH HerisTi
anddepeHIInasapl AuarHo3sapAbly 6ipi peTiHAe KapacThIPBLAYBI KEPeK.

Tyiiia ce3aep: ocTeocapkoMa, UBIK, CYJeTiHiH ocTeocapKoMachl, OCTEOMUEANT, epeceKTepAeri ocTeocapkoMa,

PasnoA0TH.
Case Report: Diagnostic challenges in humeral osteosarcoma
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Abstract

Osteosarcoma is a malignant bone tumor with an incidence of 1-3 cases per million people annually. While it
can occur at any age but is most common in children and adolescents, with a secondary, lower incidence peak in
individuals over 60 years.

We present a clinical case of a 65-year-old female initially treated for osteomyelitis before being diagnosed with
osteosarcoma of the humerus. The diagnosis was confirmed using radiological methods, including X-ray, ultrasound,
computed tomography (CT), and magnetic resonance imaging (MRI).

Osteosarcoma in adults accounts for approximately 1% of all cases, highlighting diagnostic challenges due to
its rarity and nonspecific symptoms mimicking osteomyelitis. Therefore, osteosarcoma should be considered a primary
differential diagnosis in such cases until proven otherwise.

Keywords: osteosarcoma, humeral osteosarcoma, osteomyelitis, adult osteosarcoma, radiology.



