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Original article

Mathematical Modeling of a Plate for Fixation of Periprosthetic Fractures of the
Proximal Femur
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Abstract

Periprosthetic fractures of the proximal femur pose a significant medico-social problem, as their treatment is complicated by the
presence of a prosthetic stem in the medullary canal, which makes fragment fixation difficult and determines the stability of the prosthesis.
According to the expert group of the World Health Organization, up to 1 million 500 thousand total hip replacements are performed annually
in the world. According to various data, the prevalence of periprosthetic femoral fractures varies over a wide range - from 0.1 to 46.0%, which is
a significant medical and social problem. he main problem in the treatment of periprosthetic fractures is the presence of a prosthetic leg in the
bone marrow canal, which makes it difficult to fix fragments and determines the stability of the prosthesis leg.

The purpose of this study to conduct mathematical modeling of a domestically developed plate for use in fixing periprosthetic
fractures of the proximal femur.

Materials and methods. The examination of the plate for fixation of periprosthetic fractures of the proximal femur was carried
out using the finite element method. For the computer implementation of the FEM, there were used COMPASS-3D, Autodesk Inventor PRO
and SolidWorks programs. The physical and mechanical parameters of the system components taken from the references data were used for
calculations.

Results. The performed the stress-strain state calculations showed that the magnitude of stresses arising under the influence of a load
does not exceed the strength limit of the plate material 900-1100 MPa, the greatest stresses in the periprosthetic plate occurring in the area of
the holes of the locking screws and side paired holes, it also does not exceed the permissible strength values and is 56.48 MPa.

Conclusion. According to the results of the conducted studies, it can be concluded that there is a sufficient margin of safety of the
periprosthetic plate for fixing periprosthetic fractures of the proximal femur and of the system «femur - endoprosthesis - periprosthetic plate»
as a whole.

Keywords: plate, periprosthetic fracture, total hip arthroplasty.
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Introduction

According to the expert group of the World Health
Organization, up to 1 million 500 thousand total hip
replacements are performed annually in the world. The
number of total hip arthroplasties (THA) has increased
by 80% in Germany and the European Community over
the past 5 years and amounts to 175 thousand per year
(Germany) [1-3]. In Kazakhstan, this figure is more than
5,000 operations per year. The growing popularity and
widespread use of THA naturally leads to an increase in the
total number of complications both during surgery and in
the postoperative period [4-6].

One of them is a per prosthetic fracture - bone
destruction in the area of the endoprosthesis components,
and the presence of an intramedullary implant can
significantly complicate reposition and treatment. According
to the references, the prevalence of per prosthetic femoral
fractures (PFF) varies in a wide range - from 0.1 to 46.0%,
which is a significant medical and social problem [7-9].

Despite the wide choice of treatment for such
patients with various options of osteosynthesis or
reendoprosthesis, the number of complications, such as
the formation of a false joint, instability of the prosthesis,
occur in 37% of cases [10, 11]. Currently, there is no single
generally accepted treatment strategy for PFF. The main
problem in the treatment of per prosthetic fractures is the
presence of a prostheticlegin the bone marrow canal (BMC),
which makes it difficult to fix fragments and determines the
stability of the prosthesis leg [12]. Per prosthetic fractures
are always a more difficult problem than ordinary fractures
for two main reasons. Firstly, it is more difficult to fix bone

Materials and methods

The examination of the plate for fixation of per
prosthetic fractures of the proximal femur was carried out

fragments, and secondly, it is necessary to restore the
stability and function of the end prosthesis. To date, there
are several methods of surgical treatment of this category
of patients.

Treatment of PFF with an external fixation device
has not been widely used [13]. The main advantage of this
method is low injury, but the risk of infection increases,
which is a formidable complication.

Intramedullary fixation is used with a long revision
leg reaching the middle third of the thigh. In cases of
instability of the endoprosthesis, this option is the method of
choice. However, with a stable leg of the femoral component
of the endoprosthesis, this technique is irrational due to the
high traumatic nature of the surgery.

Extra medullary osteosynthesis with the use of a
locking compression plate (LCP) plate with angular stability
and monocortical fixation of screws has become the most
widespread in the surgical treatment of PFF [14]. However,
monocortical osteosynthesis is often ineffective, since for
reliable screw integration, the modified cortical bone plate
as aresult of osteoporosis is not always suitable: it manages
to accommodate a small number of turns, compared with
traditional bone osteosynthesis. Angular stabilization of the
screws does not solve this problem, but only exacerbates it
by increasing the risk of diastasis during lysis of the ends of
bone fragments.

The purpose of this study is to conduct
mathematical modeling of a domestically developed plate
for use in fixing periprosthetic fractures of the proximal
femur.

using the finite element method (FEM) [15,16]. The plate
design is shown on Figure 1.

Figure 1 - Plate design for fixation of periprosthetic fractures of the proximal femur

For the computer implementation of the FEM, there
were used COMPASS-3D APM FEM, Autodesk Inventor
PRO and SolidWorks programs [17,18]. The physical and
mechanical parameters of the system components taken
from the references data were used for calculations [19-22].

As the main functional resultant load, the force
applied in the center of the endoprosthesis head in a
direction of 10° relative to the hip axis and having a value of
Fis equal to 1000 N [21].

Figure 2 - Computer model and finite element grid of the investigated system “femur — endoprosthesis - periprosthetic plate”

Using the finite element method, mathematical
computer modeling of the stress-strain state (SSS)
was carried out and the interaction of elements of

the biomechanical system “femur - endoprosthesis -
periprosthetic plate” was studied [15-18].
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Based on X-rays, anatomical atlases and references,
mathematical 3D models of the femur, endoprosthesis
and plate were developed and the system “femur -
endoprosthesis - periprosthetic plate” was developed.
The computational model of the femur with an installed

Results

Figure 3 shows the stress distribution over the
entire surface of the periprosthetic plate from the outer and
inner sides.

Based on the results of the conducted studies, it

endoprosthesis and a periprosthetic plate was presented
from 57.873 elements - linear tetrahedra. The total number
of nodes was 96.635. Three-dimensional 3D computer
models and a finite element grid of the system are shown
in Figure 2.

was concluded that there is a sufficient margin of safety
of the periprosthetic plate and of the system “femur -
endoprosthesis - periprosthetic plate” as a whole (Table 1).

Table 1 - Physical and mechanical parameters of the simulated systems

alloy

Material Modulus of elasticity, MPa Poisson’s ratio
The cortical bone 15.000 0.3
Spongy bone 1.000 0.3
Plate, prosthesis, screws, Titanium 110.000 0.3

The performed SSS calculations (Figures 3-6)
showed that the magnitude of stresses arising under the
influence of a load does not exceed the strength limit of
the plate material 900-1100 MPa, the greatest stresses in
the periprosthetic plate occurring in the area of the holes

Table 2 - Comparative results of stress-strain state calculations

of the locking screws and side paired holes, it also does
not exceed the permissible strength values and is 56.48
MPa. The largest displacement occurs in the head of the
endoprosthesis and is equal to 0.35 mm. The minimum
safety factor for the plate is 4.88 (Table 2).

No Indicators The periprosthetic plate The femur Endoprosthesis
| Maximum equlva}ent voltage according to 56.48 258 111.8
Mises, MPa
2 Maximum linear displacement, mm 0.21 0.24 0.35
3 Minimum safety factor 4.88 0.80 2.46

It should be noted that, according to the obtained
research results (Figure 3), we observe an asymmetric
stress distribution in the central part of the periprosthetic
plate, they are shifted to the left (if viewed from the outer

d

. Mises stress: 5,66 MPa

W — Mises stress: 22,99 MPa

"~ Mises stress: 10,15 MPa

_MAX:586,48 MPa

a Safety Factor: 4,71 ul
15 MAX
12

15 MAX 4
g Safety Factor15 ul
0,8 MIN
]
3
0,8 MIN
0
Nodes: 96635

Elements: 57883
Type: Safety Factor
Unit: ul

_Mises stress: 14,14 MPa  Mises stress: 1,44 MPa

side of the plate). This may be due to the nature of the
fracture in question or the geometry of the plate (in the
axial direction it does not provide anatomical contouring of
the femur).

b

_— Mises stress: 0,28 MPa
——— Mises stress: 6,36 MPa

" Mises stress: 12,43 MPa
Mises stress: 9 MPa

" Mises stress: 11,73 MPa

MAX: 56,48 MPa

15 MAX _Safety Factor 4,71 ul
12 15 MAX )
= o

2,46 MIN
6 Safety Factor 15 ul
2,46 MIN
0

Nodes: 96635
Elements: 57883
Type: Safety Factor
Unit: ul

Safety Factor15 ul

Figure 4 -The stress distribution pattern according to Mises in MPa for: a) the entire femur-endoprosthesis-plate system b)
endoprosthesis and plate
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a

0,3526 MAX

———MAX: 0,3526mm

0,2821 “ Displacement:

0.1369 mm
0,2116

0,1411
0,0705

O MIN
Node: 96635
Elements: 57883
Type:Displacement
Unit: mm

:. ~_Displacement:
0,135 mm

0,3526 MAX
0,2843 7
0,216
0,1477
0,0794
0,0111 MIN
Node: 96635
Elements: 57883

Type:Displacement
Unit: mm

Displacement:
0,261 mm

_ Displacement:
MAX: 0;3526 mm 0,1642 mm
.Displa:emenl:
0,1369 mm

Displacement;0‘157l mm

Figure 5 - Picture of the distribution of displacements of system elements in mm for: a) the entire system femur-endoprosthesis-plate
b) endoprosthesis and plate

Discussion

This  study investigated the biomechanical
properties of a novel locking plate for fixation of
periprosthetic fractures of the proximal femur (PFF) using
finite element analysis. The results demonstrate that the
plate design possesses sufficient safety margins, ensuring

its suitability for PFF treatment.

Key findings. Stress distribution: The analysis
revealed that stress levels within the plate do not exceed
the material’s yield strength, indicating a sufficient safety
margin.

Maximum stress points: The areas of highest stress
concentration were identified as the locking screw holes
and the side paired holes, suggesting the need for careful
screw placement and a robust design in these regions.

Overall system stability: The biomechanical
model of the femur-endoprosthesis-plate system revealed
sufficient safety margins, indicating that the proposed plate
design can effectively stabilize the bone and prosthetic
components in a PFF scenario.

Implications of the findings. The findings of this
study have significant implications for the developmentand
application of novel fixation devices for PFF treatment. The
proposed plate design addresses the challenges associated

Conclusion

The current study offers promising biomechanical
evidence for the feasibility and safety of the proposed
plate for PFF fixation. Future research should address the
identified limitations and conduct clinical trials to validate
the potential clinical benefits of this novel design.

Conflict of interests. The authors declare that there
is no conflict of interest when writing this article.
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Tyiingeme

IIpokcumanvosl can cylleziHi nepunpome3dik  CblHbIKMAP MAaHbI30bI MEOUYUHANbIK-3eyMemmiK Macese 60bin MmabblaadbL.
OilimkeHi onapdel emdey cyliek KaHAAbIHOA npome3diK asikmoulH 601yblMeH KUbIHOalobl, 6y/1 CbiHbIKMapdbl 6ekimydi KubiH0amadsl KHcaHe
npomesoiy mypaKmulablFbiH aHbIKMatiobl. JyHuesxcy3inik deHcayavlk cakmay yiblMbIHbIH capanubl MobbIHbIH MaimMemi 6olbIHWA a1emde
JHebla calivbii scaméac jcambéacmapblt Heaansl 1 musauon 500 muiHFa delliH ayblcmblpy onepayusicel ixacanadsl. Opmypi mMasimemmepze
catikec, scambac cyliekmepiniy nepunpome3dik cbiHbIKMapbiHbly mapasywsl 0,1-0eH 46,0% -Fa deliiH aybimKudbl, 6y Maybi30bl MEOUYUHAABIK
JcaHe asneymemmik Macese 60/bin mabbLiadsl. Ilepunpomesdik coiHbiKmapdsbl emoeydezi Hezizeli Macese @Ppazmenmmepdi 6ekimyodi
KUublH0amamvlH JCaHe npome30dik asKMblH MYypaKmMoulAblFblH AHLIKMAUMbIH MedyAapablK apHada npome3dik askmuiy 604yl 604bin
mabwuL1adbL.

3epmmeydiy makcamuvl: jcaméac cylieziHiy nepunpome3odik CbiHbIKMAPbIH 6eKimyde K0A0aHyFa apHAAFaH 0MaHObIK NJAACMUHAHbIH
MamemamuKa/blk MoOeAiH 0pbiHOQY.

ddicmepi. Asik cylieeiHiy npokcumaabobl cyliekmepiHiy nepunpomesoik CblHbIKMAPbIH 6eKimyze apHAAFaH NAACMUHAHLL 3epmmey
aKbipabl 3aemeHmmep adicimeH dcypeisindi. AkbipFol a1emeHmmep adiciH komnvlomepae dxcy3eze acwvipy ywin COMPASS-3D, Autodesk Inventor
PRO sicane SolidWorks 6ardapaamanapbsl natidananvladsl. Ecenmeyaep ywin anbikmamansik depekmepoeH ablHFaH Jicylie KOMNOHeHMmepiHiH
Pusukanvik jHcaHe MEXAHUKANLIK napamemp.iepi natioanaHbla0bL.

Hamuoceci. KepHney - dedopmayus KyliH ecenmeynep xcykmiH acepiHeH natida 60sambiH KepHeynepdiH wamacbl nAacmuHa
Mamepua/biHbiY co3blay 6epikmiziven 900-1100 MIla acnaiimbiHbiH kepcemmi. [lepunpome3dik naacmuHadarbl eH HOoFapvl KepHeyaep
cayblaayaap, 6ekimkiw 6ypavdaaap xaHe OyUipAiK xcynmanrad mecikmep aliimMarbiHOA hatida 6041adbl, COHbIMEH Kamap pykcam emiazeH
6epikmik maHOepiHeH acnatlidvl dHcaHe 56,48 MIla Kypatidel.

KopbimbiHObl. 3epmmey HamuoiesiepiHe cylieHe ombipbin, caH cylie2iHiy NpoKcuMaabObl nepunpomesdik CbIHbIKMAPbIH HCIHE
mymacmail aaranda «cau cytieei - 3Hdonpomesdey - nepunpome3sdik naacmuHka» cyllecin 6ekimy ywiH nepunpome3dik naacmuHaHbulH
Jcemkinikmi Kayincisodik weai 6ap den KopblmuIHObL dHcacayra 601a0bL.

TytiiH ce3dep: nnacmuHa, nepunpomesoik CbIHbIK, HAMOACMbIH HCAANbI APMPONAACMUKACHL.
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Pe3ome

IlepunpomesHuie nepesoMbl NPOKCUMAIbHO20 0mdena 6edpeHHOl Kocmu s18As110MCsl 3HAYUMOU MedUKOo-coyuaabHol npo6.aemoll, mak
KaK ux /ie4eHue 3ampy0dHeHo HaAu4uemM npome3Holl HOXCKU 8 KOCMHOMO032080M KAHAJ/Ie, YMO yC/A04CHsem dukcayuro 0maoMKo8 U onpedesisiem
cmabuabHocms npomesa. Ilo daHHbIM 3kchepmHoU epynnel BcemupHol opeaHusayuu 30pasooXpaHeHusl, excez00Ho0 8 Mupe nposodumcs
do 1 munnuoHa 500 meicssy momasabHbIX 3HAONpome3uposaHull masobedpeHHo2o cycmaga. [1o pasHbiM 0AHHBIM, paACNPOCMPAHEHHOCMb
nepunpomesHulx nepesomos b6edpa kosebaemcst 8 npedeaax - om 0,1 do 46,0%, umo s18155emcst 3HaHUMOU MeduKo-coyuanbHol npob.aemoll.
OcHoBHOU npobaeMoll /feyeHUss nepunpome3HblX NepesoMos8 s18Asemcs HaAudue NpomesHol HONMCKU 8 KOCMHOMO032080M KaHaJje, Ymo
3ampydHsiem gpukcayuro om/a0MKos u onpedessiem cmabuabHOCMb HOXCKU Npome3a.

LJeav uccnedosanus: nposecmu mamemamuyecke Mo0eAUPOBAHUE NAACMUHbI OMe4eCm8eHHOU paspabomku 015 NPUMEHeHUs npu
dukcayuu nepunpomesHbix NePeoM08 NPOKCUMANbHO20 omdea 6edpeHHOl Kocmu.

Memodbl. Hccaedosanue naacmuHbl 0451 ukcayuu nepunpomesHsblX NepesoMo8 NpoKCUMAabHO20 omdena 6edpeHHOU Kocmu
nposoduu MemodoM KOHEUHbIX 3/1eMeHMo8. []151 KoMnbiomepHol peaausayuu Memoda KOHeYHbIX 3/1eMeHMO08 UCN0Ab308aAAUCH NPO2PAMMbl
COMPASS-3D, Autodesk Inventor PRO u SolidWorks. [las pacuemog ucno/nv308a4uch uauko-mexaHuveckue napamempvl KOMNOHEHMOos
cucmeMbl, 83s1mbvle U3 CNPABOYHbIX OAHHBIX.

Pezynemamel. [IposedeHHble pacyembsl HANpsidieHHO-0eOPMUPOBAHHO20 COCMOSIHUSI NOKA3AAU, YMO 8e/UYUHA HAanpsxceHut,
803HUKaowux nod delicmeuem HazpysKu, He npesbluiaem npedesa npoyHocmu mamepuaaa naacmuubl 900-1100 MIla. Hau6oavwue
HanpsijceHusi 8 0K0J10npome3Hol NacmuHKe 803HUKAOM 8 patioHe omeepcmutl, CMoNopHbIX BUHMOB U GOKOBbIX NAPHLIX 0meepcmull u makoice
He npesvlwiaem donycmumblx 3Ha4eHull npoyHocmu u cocmasasiem 56,48 Mlla.

Buigoodul. Ilo pesynbmamam npogedeHHbIX UCCAe008AHUL MOXMCHO cdeaamb 8bl800 0 HaAUYUU JdoCmamo4Ho20 3anaca Npo4Hocmu
nepunpomesHoll N1acmuHKuU 0415 pukcayuu nepunpomesHsIX nepesoMo8 NPoKCUMAN6H020 omaea 6edpeHHOoll Kocmu u cucmembl «6edpeHHast
Kocmb - 93H0onpomes — nepunpomesHasl NAACmuHKa» 8 Yesa0M.

Katouessble caosa: naacmuHa, nepunpome3HbuZ nepesioM, moma/ibHoe 3Haonpomesuposayue maso6e6peHHozo cycmasa.
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Pe3ome

Yeeauvenue KoHpaukma memasan-kocmo caedcmeue pazHol NAOMHOCMU 3MUX 8EWecme Modcem Npoucxooums ocaabaeHue u
cMeujeHue UMNIaHmMa 80 8peMst UMNAAHMAyuu mpancneQukyAsipHbIX BUHMOBLIX CUCMEM, MO NpUeodUM K N0sie/1eHui0 60.1e6020 CUHOPOMA
u nomepe nosy4eHHol KoppeKkyuu y 601bHbIX € PA3AUYHLIMU NAMO/I02USIMU NO360HOYHUKA NOC/Ie MPAHCNeOUKYAsIpHOU ukcayuu.

Lleavlo daHHO20 uCC/1€008AHUSA OYeHKA  pe3y/ibmamog npuMmeHeHus Ho8020 Memoda npedomsepaujeHus 0cAabaeHus
mpaHcneduKkyAsipHbIX BUHMO8 U dokazamesibHask 0eMOHCMPAyusi pe3ya1bmamos KOMNbIMepHo20 Mo0eaAupo8arust 0aHHOU MemoduKu y
60/1bHBIX C PA3AUYHBIMU NAMO/I02USAMU NO380HOYHUKA.

Memodvl. [IpedodxceHHbIU cnOCO6 3KChepUMeHMAAbHO CMOOeAUPOBAH C NOMOWbI KomnblomepHoll npozpammut SolidWorks u
npumeHeH Ha npakmuke. Memoduka npumeHeHus 6bl1a paspabomaHa u onucaua y 42 nayuenmos 8 gozpacme 13-65 sem 6 nepuod 2014-
2018 22. ¢ pazAUYHbIMU NAMO02USAMU NO380HOUHUKA. U3 HUX 22 (68,75%) scenwjunbl, 20 (31,25%) mysxcuunbl. [layuenmam 6biau nposedeHsl
onepayuu ¢ UCNO/b308AHUEM MPAHCNEOUKYASIPHBIX cucmem pasauvHoll koHguzypayuu. Jas npedomepawjeHus CcaMonpoussonbHO20
cMeweHusl BUHMO8 8 0MJAa/IeHHOM NOC/1e0NePayUOHHOM nepuode 6bl1 Nped10xceH cnocob co30aHus doNoIHUMebHOU MO4YKU 0NOPbl nymeMm
nposedeHusi nonepeyHo20 coeduHUMe 151 Yepe3 nonepevHoe omeepcmue, 8bIN0JAHEHHOE 8 OCMUCIMOM 0MpoCcMKe N0360HK.

Pezynemamul. Bviau paccmompenst 2 cumyayuu. B nepsom cayuae (ukcupo8aHHuill NO380HOK C KAACCUYECKUM NONEPeYHbIM
coeduHumesieM u npusiodceHHble ABUINICYUUE CUMbI BbIMSA2UBAIOM BUHMbI U3 Me/Ad NO380HKA 8 B0CbMU PA3/IUYHbIX HANPABAEHUsIX. Bmopoli
c/yuati 6bla NOX0XC HA NepBbLll, C omAu4UeM 8 COedUHEeHUU Yepe3 0Cmucmblll 0mpocmoK no38oHKa. B o6eux epynnax paccmosiHue cmeujeHust
yseauvusaemcst ¢ ygeaudeHueM y2aa 8eKmopa npuiodiceHHOU CUMbL Ycuaue, ¢ KOmopblM 8UHMbL 8bIX00UAU U3 KAHAAA, COCMABAS0 26,561
H/mMm? (MIla). Bo emopom cayyae oHo cocmasuso 31,095 H/mm? (MIla). Pasnuya cocmaguaa 5 H/mm>.

Bv180dbl. Memod co3danust donoaHumMenbHOU Mo4KU 0nopbl 0151 MpAHCNeOUKYASPHbLIX CUCMeM nymem nponyckaHus nonepe4Ho20
coeduHumes yepe3 0CMuUCMbIll OMPOCMOK NO380HKA, NPOBEPEHHbLI CMAMUYECKU, N08bluaem cmabu1bHOCMb MPAHCNEOUKYASPHbIX CUCMEM.

Kawueswvle csaoea: mpaHcnedukyaspHasi @ukcayusi, HoO8bll Memod,  IKCnepuMeHmasbHoe MoJdeauposaHue, CKOJUO3bI,
pacwamvelgaHue umnaaHma, @ukcayus MpaHcneouKy/aspHO20 BUHMA, pACWAMbI8AHUE MPAHCNEOUKYISIPHO20 6UHMA, onepayus Ha
N0380HOYHUKeE.
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Beeaenue

B 1959 roagy bBayyep [II. mnepBbiM BBesa
TpaHCNeJUKY/IspHOro ¢QuUKcaTopa B TeJ0 MO3BOHKA
yepe3 HOXKY, ONMCaB BO3MOXHOCTb (UKCAIIUM MO3BOHKA

[1]. C BBesenueM B OpTONEAMYECKYI TNPAKTHUKY
TpaHCNeJUKYIPHONH QUKcAaLlUM 3aMeTHO YBeJMYHJach
CTaOUJIBHOCTh  QUKCAlUM  TNO3BOHOYHOTO  CErMEHTa,

YTO MO3BOJIMJIO YBEJIUYUTb KOPPEKIUI0 MOSBUBLIUXCS
JebopManuil Mpu pas3/IMYHbIX MATOJIOTHUAX. YBeJHUYeHHe
CTabUIBHOCTU MPHUBEJIO, B CBOIO 0Yepe/ib, K YBEJIUYEHHUIO
KOHQJIMKTA "MeTaaI-KoCTh" BCJIEICTBHE pasHoi
MJIOTHOCTU  3THUX BelllecTB. Y MallMeHTOB JaHHOH
KaTeropuH CO BpeMeHeM MOXEeT BO3HUKHYThb OcJabJieHue
M CMellleHHe MMIJIAaHTA BO BpeMs HMILIAHTALUU
NeJUKYJSPHbIX BUHTOBBIX CHUCTEM, 4YTO MPUBOAUT K
MOSIBJIEHUIO 6OJIEBOTO CHUHJpOMA W MOTepe TMOJydeHHOH
KOpPPEKIIUH.

Tak, B 2014 roay Abul-Kasim K. u Ohlin A.
uccaefoBaiu 1666 cMeleHUN NeSUKYJISPHOTO BHUHTA Y
81 nanueHTa, CTpaJAlOUIUX UJUONATUYECKUM CKOJTMO30M.
JlaHHble aBTOpHI 06C/IeA0Ba/IM NALMeHTOB HECKOJIBKO pa3
B TeyeHHUe 2-X JIeT MeTO/0M HU3KO/03HON KOMIIbIOTePHOH
ToMorpaduu, U onyGJUKOBaIUd pe3yabTaThl. ¥ 26 (32%)
NalMeHTOB ObIM NPU3HAKU OCAabJeHUs OAHOr0 WU
HECKOJIbKUX - MaKCUMyM 3-X BHUHTOB. Y MYXYMH ObLIH
NpU3HaKU ocsab/ieHus B 57% ciyvasx, a y xKeHIHH - 27%.
Y ofjHOrO nanueHTa ¢ ocJabJeHHbIM BUHTOM L4 no3BoHKa
Obl1 HeBpoJsioruyeckud Jedpuuut. U3 26 nayueHTOB C
NpU3HAKaMU 0cCaabJeHusl, 5 MalMeHTOB COOOLIUIU O
CMelleHUH B MOSICHUYHOU 06./1acTH [2].

Toykol  KOHTaKTa MeTa/sla C KOCTbIO ¥y
TPaHCNeAUKYNSIPHBIX cUCTEM SIBJIIETCA TOJIBKO
pe3bboBasi YaCTb OYEHb TBEPJbIX THUTAHOBBIX BHUHTOB
W JIOCTAaTOYHO MsArKas ry6uyaras KOCTHas TKaHb TeJa
M03BOHKA. BTOPOH KOCTHOH TOYKM ONOPBI 3TOW CHUCTEMBI
paHee He cyliecTBoBaJo. Kak paHee MbI yxke 00Cyx/Aasy,
MeTa/Ul U KOCTb BCerja HaxoAsATcs B KOHQJHUKTE BO
BpeMsl UMIUIQHTAlUM META/UIOB M3-3a HX DPA3JU4YHOHN
IJIOTHOCTH, KOTOpas MPUBOJAUT K aTpOoPUU B KOCTH H3-3a
JlaBJIeHUsl MeTaJlJla, 1 MOKET NPUBECTH K 0C/Ia0JIEHUI0 U

MaTepuaa 1 MeTO bl

HccnenoBaHue  NpOBOAWIOCE B OTZAEJ€HUH
B3pOCJOH  opTomeguu  A3epOGal/PKaHCKOrO  HaAy4YHO-
HCC/Ie0BATEbCKOTO  MHCTUTYyTa TPaBMATOJOTHU U
oproneauu B 2014-2021 ropax.

Jans 3KCNepUMeHTaJIbHOI0 HCIBITAaHUSA
npezJI0XKeHHOH MeTOAUKU 6blia HCI0JIb30BaHa
npombliieHHas nporpamma  SolidWorks (®pannus),

U TMpOBEJIeH CTaTUYEeCKUM aHau3 JBYX CUTyaluid. B
NEepPBOM CJiy4yae T[OMepeYHblii KOHHEKTOpP MPOBOJUJICS
KJIaCCUYECKHUM CIIOCOG0M, BO BTOPOM CJjy4yae 4epes
[oMepeyHoe OTBEpPCTHE, MpPOJesaHHOe B OCTHUCTOM
OTPOCTKE  KOMIBIOTEPHOU Mojead. B kaxaom  u3
BapHaHTOB KOMIIbIOTEPHOE BBLITATMBAHHE BUHTOB U3
MO3BOHKOB 0CyILIecTBJIsI0Ck oA yriamu 0°, 52, 10°, 209, 30°,
40°, 45°, 60° Tak KaK pacroJiolKeHHe MO03BOHKOB B Pa3HbIX
OT/Ie/IaXx OPUEHTHPOBAHO OTHOCUTEJBHO IJIOCKOCTEH IM0-
pasHomy.

MeTog, npuMeHeH y 42 GOJIbHBIX C Pa3JIU4YHBIMU
NaTOJIOTUSIMU TNO3BOHOYHHKA (CKOJIMO3bI, TepesoMbl
MO3BOHKOB M MOSICHUYHBIMHU CTEHO3aMH), U3 HHUX 22
(68,75%) xenmun, 20 (31,25%) MyX4MH B BO3pacTe
oT 13 po 65 seT. Cpeau GOJIBHBIX C HJUONATHYECKUM
CKOJIN030M MN03BOHOYHMKA 10 (45,4%) manueHTOB ObLIM
c IIl crenennto no Yakuuny, a 12 (54,4%) - IV crenenu
TsokecTU.  [Ipy omepaTUBHOHW  KOPPEKLUH  TXKeJbIX

BBIBUXY NeAUKY/ISIPHBIX BUHTOB 4epe3 3-6 MecsIeB oce
onepauuu. KJHWHUYECKH 3TO COCTOSIHUE TPOSIBJSETCS
00J1bl0, BOCHAJEHHEM C MOTepell KOppeKIud B ciaydae
nebopMalUM, U, HAKOHEll, C MOSIBJIEHUEM KOHCTPYKIHUU
IOJI, KOXKEH.

B nuTepaType Mbl HallIM OYeHb MaJl0 NPUMEPOB
NMpUMEHEHUs] TMPOMbILIeHHON nporpamMMbl  SolidWorks
A1 U3yYEeHUU KOCTHbIX UMIUIaHTOB. Tak, Zhuang Cui
et al. 2012 rofy wucCHoJb30BajJUd JaHHYH MOpOTpaMMy
JUISl U3yYeHUs pe3yJbTaTOB OIlepanuyd IOATapaHHOIO
aptpospasa [3]. B 2015 rogy Yuichiro Abe et al
HCNO0JIb30BaIU nporpammy 3D-FEM pgna  usyvyeHus
KOPPUTHPYIOIIUX CUJ NPU KOPPEKLHUU CKOJHOTHUYECKOH
Ayru. BbL10 onpejesieHo 4To, BUHThI HA BOTHYTOH CTOpPOHe
WCKPUBJIEHUS] ~ UCHBITHIBAIOT  GoJiblliee  BO3JeHCTBUE
KOPPUTUPYIOLIMX CUJ 4eM Ha Bbinykjaod (305,1N Ha
BOTHYTOU cTOpoHe, 86,4N - Ha BBINYKJION CTOPOHE AYTH).
BbL10 pexkoMeH/J0BaHO NPOBOAUTH paccjabieHue MATKUX
Y TBepAbIX TKaHeH JJis NPOPUIAKTUKU BbIXOJAa BUHTOB
M3 I03BOHKOB U He CTPEMUTBCS K NOBbILIEHUIO XECTKOCTH
KOHCTPYKLUHU [4].

B 2010 rogy Eric Wagnac et al. ony6siukoBanu
pe3y/nbTaThbl HCCle/J0BaHMA, rae HCIOJIb30BaHbl
nporpaMmmbl  3D-FEM i uM3MepeHUs CUJIbl  BbIXOZa
BUHTOB M3 TMO3BOHKOB U NOKasalH ee B npejenax 500-
660N [5]. CnemyeT oTMeTuTbh, uTO mnporpamMma FEM
npeZiHa3HaueHa [Ji BbINOJHEHHUS 3KCIpPecc-pacyeToB
TBePAOTeNbHbIX 00beKTOB B cucteMe COMPASS-3D. B
2020 romy Laura Marie-Hardy et al. usyuyuB npob6Jiemy
BbIX0/]a BUHTOB NOKasa/ly, 4To 9,6% U3 HUX NPOUCXOAAT
B TpyAHOM OTAene W GaKTOpaMU pHUCKa SABJAIOTCA
WCTOJIb30BaHHE CTep)KHel ¢ KO6aJbT-XPOM COCTaBOM,
0CTEeONOopPOo3, yBeJUYeHHbIN NOSCHUYHbIH JIOPZ03 U T.A. [6].

Ilebl0  JAHHOrO  MCC/AEJOBAaHUA  OLEHKa
pe3y/bTaToB IpUMEHEeHUsI HOBOTO MeTo/a
NpeOTBPAIEeHHsT  0CIabIeHusT TpaHCIEeAUKYJIAPHBIX

BHHTOB MW [JOKasaTeJibHad [AEeMOHCTpaluda pe3y/ibTATOB
KOMIIBIOTEPHOI'0O MOZEJIMPOBAHUA LLaHHOPII METOAUKH Yy
GOJIBHBIX C Pa3M9HbIMU MIATOJIOTUAMHU TO3BOHOYHHUKA.

pUrHAHBIX JedopMaluii He MPUMEHSJN BepTeGpasbHYI0
OCTEOTOMHIO, YTO yYBEJUYUBAIO PUCK HECOCTOSATETBHOCTH
MMILIaHTOB. Cpe/iy ManieHTOB CO CTEeHO30M I03BOHOYHHKA
Tpoe (75%) ObLIM C TNepeJHUM CIOH/UJIOJHUCTE30M
NOSICHUYHBIX NO3BOHKOB 2 U 3 CTeleHel C pajuKyJsapHON
CUMIITOMATHUKOM. Y BCeX MallMeHTOB CMOIVIM OCYIIeCTBUTh
NOJIHYyI0  PeAYKLHI0  CMeIeHHOI'0 I03BOHKAa, YTO
YBEJHUYUJIO HArpysky, HaJamollyl0 Ha WMIUIAaHTBI U
MOIJIO BbI3BaTh HECOCTOSITEJIBHOCTb HUX B OTJAJE€HHOM
10C/Ie0TIePallMOHHOM NepHoJie.

l'[pe;[.nar‘aemaﬂ HaMH MOAPI(l)l/lKaLU/Iﬂ TeXHU4YeCKHU
JIETKO BBIMOJIHUMA M 3aHUMaeT He OoJsiee 2-5 MHUHYT.
TeKyLuee peTpoCineKTUBHOEe HCC/ieJOBaHUEe OLleHHUBaeT
pe3ysibTaTbl HOBOI'O MeTOoAa, KOTOpblﬁ BBIIIOJIHAJICA
C NpHUMEeHeHHneM nonepel{Hoﬁ CBA3HU 4Yepe3 OCTUCThbIe
OTPOCTKH IIO3BOHKA.

I[Ipumensaemas TeXHHUKa. OnepaTtuBHOE
BMelllaTeIbCTBO NPOBOAMJIOCH 10/ HeHpoJleNTaHaIresnen.
Hamu 6bL1 pousBeeH 3aJHUIM XUPYPruuecKuil JOCTyn K
MaToJIOTUYeCKUM cerMeHTaM M03BOHOYHMKA. [I[pousBesieH
JINHENHBIN pa3pe3 KOXXH MO0 NMPOEeKLUH MNaTOoJ0rnYecKun
CerMeHTOB I03BOHKOB.
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Cy6nepuocTaJbHO poBeJieHa JIUCCEKIUSA
napaBepTe6pa/ibHbIX MbILIL W TILIATeJbHBIH TreMocTa3
paHbL. Knaccuyeckum cnoco6om «Free hand»

CMOHTHUPOBAHbI TPAHCIIEJUKYJIAPDHbIE€ BUHTBI. KosinyecTBO
IO3BOHOYHBIX CErMeHTOB BbI6paHO B 3aBUCUMOCTH OT
natoJsioruu. [locse MoHTaxa CTep)KHeﬁ NnNpoBeJAE€H MOHTAaX
nonepevdHbIx COQAHHHTeHeﬁ. KJ'laCCI/I'{eCKI/I, nornepe4yHble
COeJUHUTEJIM MOHTUPYIOTCA IIOCJ€ pe3eKUHU CToAllero
Ha HUX INYTU OCTUCTOI'O OTPOCTKA. Mpb1 xe npejJjaraem
npojeJsblBaTb IION€pe4YHOoe OTBepCTHe Yy OCHOBAHHA
OCTUCTOr'0 OTPOCTKA U IPOBOAUTD CTEPXKEHb COeJUHUTEJIA
qepes3 3TO OTBepCTHUe.

[Tocsie BbIGOpA OCTHUCTOrO OTPOCTKA HEOGXOLUMOTO
II03BOHKA, CpesHss HIKHsAS 1/3 OCTHUCTOTO OTpOCTKA
nepbOpUPYETCst C IOMOLbIO CHelHaJlbHOr0 HHCTPYMEHTa
U OTKpbIBaeTCsl OTBepcTHe. [IpU OTKPBITUM OTBEPCTHS
clefyeT  BbIGpaTh OCHOBAaHHME OCTHCTOIO OTPOCTKA,
IIOTOMY 4TO OHO TOJILE U NMpPOYHee, YeM BeplunHa. [locre
3TOr0 CTepXKeHb KOHHEKTOpAa IpONYCKaeTCsl 4epes
OTBepCTHe OOBLIYHBIMU IuNuaMu Jlospa U NoMelaeTcs
BHYTPb KPIOYKOB, KOTOPbIE KPENsTCS K CTEPXKHSM, U 3aMKH
3axxumatorcs (PucyHok 1).

PucyHok 1 - A) Kaaccuyeckoe nposedeHue nonepeuHo20 KOHHEKMOpa nymem pesekyuu ocmucmozo ompocmka; b) IIpedaoxcennuiil
cnoco6 nposedeHust KOHHEKMoOpA vepe3 omeepcmue, NpodesaHHOe 8 OCMUCMOM 0MpPocmKe

Pe3ysibTaThl

OJHa cuUTyalusi ¢ KOHTPOJIbHOW TIpyNnod, B Hel
MONEPEeYHbIH COeAUHUTENb ObLI MPOBEAEH Ha MecTe
pe3eLlMpOBaHHOI0 OCTHCTOTO I03BOHKAa. Bbuta co3jaHa
TPEXIJIOCKOCTHAsE MOJeJb C 33/JaHHbIMH  KOCTHOU
mwioTHocThio (1800 kr/m®), Mojay/seM 3/1aCTUYHOCTH
(1.8e+010 N/m?) wu pasmepamu BUHTOB (14,
15). [IporpaMMma nmpuMeHH/IAa JBe MPOTHBOIOJIOXKHBIE

Bo3pacrawimue cuiabl (350H) k Teny mosBoHKa U
K BHHTaM, HamnpaBjeHHble 1800 papyr Kk JApyry B
FOPU3OHTAJbHON  MmaocKocTH. Cusa, TpU  KOTOPOH
NPOU30ILJIa HECOCTOATENbHOCTb BUHTOB U BBIXOJ, HUX W3
KaHaJla B TeJsle I03BOHKA Oblyia 3adpUKCHpPOBaHA. JTa ObLIa
cuia B 26,561 N/mm? (MPa) (PucyHok 2).

PucyHok 2 - 3D modeau skcnepumeHmanvHblx cumyayuli. A) KoHHekmop nposedeH Kaaccuyeckum cnocobom; b) Konnekmop
npogedeH npedaA0HEeHHbIM CROCOOOM

BTopasi KOHTpoOJIbHasi CUTyauusi Oblia co3JaHa
KaK 3aZiyMbIBaJIOCh B Halled MeTOJUKe - MOIepeyHbIH
KOHHEKTOP MpPOBEJIM 4Yepe3 OTBEPCTHe, MpOJeJaHHOe B
OCTUCTOM OTPOCTKe. Bo BTOpOM ciiyyae npu MpoBeJeHUU
AQHAJIOTUYHBIX MaHUNYJSILUA C BBITATHBAaHHEM BUHTOB,
BUHThI BBIIUIM U3 KaHasa npu cuie 31, 095 N/mm? (MPa).

MEI cynTaeM 4To, pasHuna B 5 N/mm? [0cTaTO4HO

60°

T

e

JAO0Ka3aTeJibHad A OLIEHKH Bq)d)eKTI/IBHOCTI/I
npeaJjiaraeMoro Mertoza. Takxe AJid  OLleHKH CUJIOBOH
Harpy>eHHOCTHU TOJIOBOK BHHTOB U PpPa3HbIX yacTen
KOCTHOM CTPYKTYPbI IO3BOHKA Mbl U3SMEPHUJIN PACCTOAHUE
OTXOXKAEHHA OTJIOMKOB IPpHU pPa3pylmieHUUu KOMIIJIEKCa

"BUHT-II03BOHOK" 1O/, IeHCTBUEM 3aJJaHHON NPOrpaMMoOi
CHUJIBL.

PucyHok 3 - HanpasieHusi u 3Ha4eHusi 6eKmopog cubl deticmeyrowjell Ha 2041068Ky eunma; lpedcmagaetvl 8 cayvaes no
omadeavHocmu om 0°, 5% 10°, 20°, 30°, 40°, 45°, 60°
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MbI pelinayd U3MepPUTh 3TH MOKA3aTeJd B BOCbMHU
CJlydasiX ¥ MPOBECTH CTATUCTUYECKYI0 06PabOTKY JaHHBIX.
B nepBoM ciydae yroj MexAy CHJIaMHU BbITATHBAHMS
U C/EepKHMBaHMUS ObLI paBeH HY/NI0. A B IOCJAEAYIOIUX
BapHaHTax 3TOT yroJ Obl1 paBeH 5% 10° 20° 30° 40°
45% 60°, Tak Kak pacIoJioXKeHHe NM03BOHKOB B Pa3HbIX
OT/Jie1ax MO03BOHOYHHMKA OPUEHTHUPOBAHO OTHOCHUTEJBHO
MJIOCKOCTeH mo-pasHomy (PucyHok 3).

Bbly10 IpoaHa/IM3UpPOBaHO 10 8 CllyyaeB B KaXKJI0H
rpynne (Ta6auna 1). Kak BUHO U3 prcyHKa 3, ToOKa3aTeau
CMellleHUs1 OTJIOMKOB B 06eMX TpyInax pacTyT MOYTH C
O/IMHAKOBBIMU TeMIIaM{ NPONOPLMOHAJBHO IOKa3aTeJsio
yTJia BEKTOpa CHJIBIL.

Tabauya 1 - YucaeHHble nokazameau cmeweHus (Mm) 8 obeux epynnax

T'pymma

1 2

Komnmuecrso 8 8
Cpenuee 0,145 0,099
CrammgaprHas omudKka CpelHero 0,037 0,025
Munumym 0,006 0,005
Makcumym 0,295 0,201
Menuana 0,148 0,101

Pe3ynbTaThl CTaTUCTUYECKONW 06PAGOTKU MO JBYM
3aBUCUMBIM KPHUTEPHUSAM: O KPUTEPHUIO MapruHaJlbHOU
oanopoaHocTy (Ta6auua 1) u no kputeputo T-Wilcoxona

(Ta6simua 2), yKa3plBalOT HA CTATUCTUYECKH JJOCTOBEPHYIO
pasHuIy HUPPOBBIX IOKa3aTesel B IByX IpymIax.

Ta6auya 2 - Kpumepulii mapeuHaabHoli 00HopodHOCmMu

OcoBbie sHATCHMS MIGKCI/IM&IIBHOE cmemenwe (mm) - rpl &
axcuManbHoe cMemnierue (vMm) - rp2
16

He nuaronasbabie HabI0MeHAS 8
Ha6monaemas cratuctuxka MH 1,159
Cpennee crarucruxu MH 0,977
Cpenue kB. oTRyI0OHeHUEe craTuctruku MH 0,078
Cpenue kB. crarucruxa MH 2,326
P 0,020

Kak BuAHO u3 TabGyauLbl, IMOJTydYeHHblE [JAaHHbIE
crtaTuctudecku JgoctoBepHbl (P<0,020). Kak BuaHo u3
TabJULbl 2, OTpULATEIbHbIE PaAHTH, T.e. CJAydyad, Korja

CMelleHne B rpyunie 2 MeHbllle, YeM B l'lepBOﬁ rpyunmne, 4To
" Tpe60BaJ’[OCb A0Ka3aThb - BCEro 8.

Ta6auya 3 - Cmamucmuueckue paveau. A) Kpumeputii 3Hakogblx paHzo8 BusikokcoHa; b) Ha ocHoge no/10cumesibHbIX paHzo8

N Cpenunit paur Cymma paHroB
OTrpunaresbHble pAaHTH 82 4,50 36,00
TTonosurenbHBIE paHTH ob 0,00 0,00
Maxkcumansroe cmerierue (Mm) - rp2 -
Maxcumanbroe cmemerue (mm) - rpl Cosnanaromue 0
HaOJII0IeHUT
Bcero 8

a. MakcumanwvHoe cmewenue (Mm) - 2p2 < MakcumanvHoe cmewerue (Mm) - 2pl
b. MakcumanvHoe cmewenue (MMm) - 2p2 > MakcumanvHoe cmewjeHue (Mm) - pl
¢. MakcumanvHoe cmewjeHue (Mm) - 2p2 = MakcumanbHoe cmeweHue (Mm) - ep1

Cmamucmuyeckue kpumepuu °
MakcumanvHoe cmewjerue (mMm) - ep2 - MakcumanvHoe cmewjeHue (Mm) - 2pl
Z-2,521°
Acumn. 3Hau. (08yxcmopoHHss) - 0,012

a. Kpumepuil 3nakosblx paHzoe Buskokcona
b. Ha ocHoge nos10scumentHulX paHzoe

HeGJ]aFOHpI/IHTHbIX pe3yJsibTaToB, T.e. HUCOBITbIBAIOT MAKCUMAJIBHYIO CUJIy W IIPpU pa3pylIeHUH

MIOJIOXKUTE/IbHBIX PAaHroB He HabJofaeTcs. PaccrosiHus
CMeLleHUs] OTJIOMKOB BO BTODOM IpyIIle He3aBUCUMO OT
yIJIa BEKTOpa TATH JOCTOBEPHO YMEHbLIAWTCS (CpeAHee
0,099) no cpaBHeHUIO c nepBoi rpymnmnoi (0,145) p=0,012.
B 06eux rpymnmnax pacCTosiHUe CMelleHUsl YBEJNIUBAETCS C
yBeJIMUYEHNEM yIVIa BEKTOpA NIPUMEHSIEMON CHJIBL

[Iporpamma BblJlaJIa YHUCJIEHHbIE U
WJUIIOCTPATUBHbIE 3HAYEHHUs], B KOTOPBIX MaKCHMaJIbHbIE
NoKasaTesJd OKpalleHbl KpacHbIM IBeToM (PucyHok
4). Kak BHUJHO U3 pHUCYHKAa 4A, TOJIOBKM BHHTOB

KOCTH WJM BHHTOB OYAyT HCIBITBIBATb MaKCUMaslbHOE
OTXOXK/JJEHUE OTJIOMKOB. JaHHas 30Ha OKpalleHa
nporpaMMoi B KpacHbIM 1BeT. Bo BTOpoM ciy4yae mpu
NPOXOXKJEHUHU KOHHEKTOpA Yepe3 OTPOCTOK, TOJIOBKH
BUHTOB OKPALIWBAIOTCS YK€ B XeJTbIH L[BET, U HAUUHAIOT
WCOBITBIBATb MEHBIIYI CUJIY, a KpacHbIM LBETOM
OKpallMBaeTCs BepLIMHA OCTHUCTOr0 OTPOCTKA, YTO
JIOKa3bIBaeT ONOPOCIOCOGHOCTh OCTHCTOTO OTPOCTKA U
3dPeKTUBHOCTb METOAA.
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[Ipy 3TOM NPOUCXOAUT CMellleHUs] MaKCMMaJIbHOM
CHUJIBI OT TOJIOBOK BUHTOB K OCTUCTOMY OTPOCTKY U TOJIOBKH
BUHTOB JIy4llle 006eperalTcs K MeHblle IOAAAITCS
JLeFICTBUIO pa3pyLIUTENbHbIX CUJL.

[loBTOpHO HaMHM O6bLI NIPOONEPUPOBAHBI OAUH
NalMeHT CO CKOJIMO30M [IJI YyCTPAHEHHUS OCTAaTOYHOTO

R EEL

-_
TEEE

TakuM o6pasoMm, MeToZ Obl1 HpUMEHeH y 32
OOJIBHBIX C pPa3JIMYHBIMU TATOJIOTHUSMH I03BOHOYHHKA.
Hukakux oC/I0XKHEHHH, CBS3aHHBIX C MPeJJIOKEHHOU
METOJMKOW, B  IOCJEONepPallMOHHOM Iepuojie  He

06cyxaeHue

[lpessiaraeMasl HaMH MeTOAMKa IPOBEJEHUs
NONMEPEYHBbIX CB3€d CIOMHAJIbHBIX CHCTEM CO3JAeT
JIOTIOJIHUTEJIbHYI0 ONOPHYH TOYKY JAJs NEeAUKY/IPHOU
BUHTOBOM CHUCTEMBbI, HO KOJIMYECTBO MONEPEYHBIX CBA3EH,
NPOXOASIIIUX 4Yepe3 OCTHUCTble OTPOCTKU MOXKET OBbITh
YBEJMYEHO UH/AUBUAYAIBHO B 3aBUCHMOCTH OT ATOJIOTUU
Y MJIOTHOCTH KOCTH.

Y mnauueHTOB MOXeT INPOUCXOAUTH ocJjabjeHue
M CMellleHHe HMILJIAaHTaTa BO BpeMs HWMIUIAHTALlUU
NneAyKyJspHbIX BUHTOBBIX CUCTEM. B 2014 roay
Mavrogenis A.F. et al [MOCYHUTANH, UYTO oOcjabjgeHue
MPOUCXOJUT H3-3a MKECTKOCTH CTepXKHel, MpessoKUIN
WCIOJIb30BaTh CTEPXKHU U3 T0JUITUI3TEpeTOPKETOHA
(IT33K) u npumeHusnu ero B npakTuke [7]. IlockosbKy
[133K 6GoJiee as1acTUY€EH U yCTOMUUB K TKAHSAM OPraHU3Ma,
OH MMeeT OOJIbLION MOTeHLMan [JJis HUCIO0Jb30BaHUs B
Gyayem.

Kang S.H. et al. (2015) TaKxe
pacnpocTpaHUIn nHGOpPMaLHIO 06 UCIOJIb30BAaHUU
NOJIMMETHUIMETAKPUJIATHOTO  LieMeHTa Jjs  GoJee
CTaOMJIIBHON TNOAJEP)KKM BHUHTOB Yy MAILMEHTOB C
octeomnopo3oM [8]. B 2016 roay Lechlte C.I. etal. cpaBHMIN
HCIO0JIb30BaHHE CIJIOLIHOTO TpaHCNeAUKYJISPHOTO
BUHTA  JIONOJIHEHHOTO  BBICOKOBSI3KHM  ILleMeHTOM,
U ($eHeCTPUPOBAHHOIO BHMHTAa C  IeMEHTOM U
CrelMaJbHbIMH MeXaHW3MaMH BBITATCMBAaHUA B 00led
CJIO)KHOCTH Ha 54 OCTeONOpO3HBIX TPYNOB 4YesoBeKa. B
pe3y/ibTaTe BUHTBI C TBePJOW HOXKOH U BBICOKOBSI3KHUM
[IEMEHTOM IIpHM HCHBITAHUAX Ha OTPBIB 06GECIeYHBaAIOT
CTaGUJIBHOCTb BHUHTA, CONOCTAaBUMYIO C 60Jiee JOPOTUMHU
deHeCcTPUPOBAHHBIMU BUHTaMH, U ObLIO PEKOMEH/0BAaHO
WCI0JIb30BaTh 1 MJI leMeHTa AJIsl TPYAHOTO0 OTAea U 3 MJI
LeMeHTa JIJIsl TIOSICHUYHOTO OT/eJa 03BOHOYHHUKa [9].

Leitner N. et al. (2018) cBsizanu ocsabJyeHue
NeAUKYJIIPHOIO BHHTa C XPOHHUYECKOH WHpeKiuen
[10]. Ohe M. et al. (2018) pmanu wuHpopmanuw 06
WCMOJIb30BaHUU  TEJUKYJISPHbIX BHUHTOB C TOHKHM
MOBEPXHOCTHBIM TMOKPBITHEM W3 TH/JPOKCHANATHTA ¥
nanyeHToB ¢ ocTteonopo3oM [11]. B 2018 roay Fu J. et al.
COOGIIMJIK, YTO JJIs1 pelleHus] Mpo6seMbl ¥ MaleHTOB C

14

HaKJIOHa Ta3a W OAWH MAUMEHT CO CKOJIMO30M AJiA
yCTpaHEeHHUA CaruTTaJibHOTO [LI/IC6aJIaHC3. ‘1epe3 roj mnocinie
OCHOBHBIX onepaunﬁ HU3Y4YUJIU TToNIepedYHble KOHHEKTOPbI
BHYTPHU OCTHUCTBIX OTPOCTKOB. KOHHEKTOpr " OTBepCTHUEe
OCTUCTOr'0 OTPOCTKA HE OBLJIYM CJIOMaHbl UJIU pa36OJITaHbI.

b
PucyHok 4 - AHasau3 paccmosiHusl cMeweHusl 0m/A0MKO8 npu HapyweHuu yea0CmHocmu kocmu nod yanom eeimseusanus 00. A)
npu KAaccu4eckoM 8apuaxme npoxoxcdeHust nonepedHozo snemenma; 5) npu npedsosxcenHom sapuanme npoxoscdeHus yepes ocmucmaliil
ompocmok

Ha6mo,qa110c1:. Mp1 AyMaeM, 4TO TEXHOJIOTUS He Tpe6yeT
NPpUMEHEHHA KaKHX-JTU00 ClieuaJIbHbIX UHCTPYMEHTOB U
HABbIKOB, I03TOMY €€ MOXHO JIETKO HNCII0JIb30BaTh.

OCTEONOPO30M M YAaCTUYHOrO pelleHUsl 3TOW MpoOGJeMbl
HEO6XOZMMO  INPUMEHSATb  HOBbIE  JIOPOTOCTOSILIUE
pacuupsieMble NeJUKyJasspHble BUHTHI [12].

B 2018 rozy Mizuno T. et al. npoBepu/in Mozesb
NoNepeyHbIX CBfI3el U MoJesb MOMepeyHbIX CTepXKHel
Ha YCTOWYMBOCTb U JOKa3a/M, YTO MOJeJib MOoNepeyHbIX
cBA3ell fABJseTca 6oJsiee CTaGW/IBHOH, 4YeM MoJesb
nonepeyHbIx cTepxkHell [13]. ABTOpBI YTBEPXKAAIOT, YTO
omnepauus ¢ NeJUKYyJSIpPHbIM BUHTOM He obecrneyuBaeT
JOCTaTOYHOW  CTAaGUJIBHOCTHM TNPHU  KpyYeHHH. ITO
NPUBOAUT K IICEBA0aPTPO3y, 0Caa6JeHNI0 NeJUKYIIPHbIX
BUHTOB U, B KOHEYHOM UTOTe, K IOBPEX/JeHNI0 UMILJIaHTa.
OHU HCIO/MB3YIOT 6-0CeBYH0 MaIIMHY [Jis HCIbITAaHUS
MaTepuanoB. B kadyecTBe 06pa3loB OHHM MNOJTOTOBUJIU
HeMOBpeXAEHHYI0 MoOJie/ib, TOBPEXJEHHYI0 MOJeb,
MoOJileJib C IMONepeyHbIMU CTepXKHAMU M Mojesb C
nomnepeyHbIMU cBA3AMU. OHM H3MepsaIM JUaNa3oH
JBY>KEeHUS BO BpeMs UCIIBITAHUH Ha U3TU6 U BpallleHue.

B 2017 ropy Wang Z. et al. mposenu
OGrOMeXaHUYeCKOoe HCCIeZloBaHNe JIBYXyPOBHEBOH HOXKHOH
BUHTOBOM KOHCTPYKLMU C TONEPEeYHOW CLIMBKOW WJIHU
6e3 Hee B HeCTAGUJIBHOM Mojesu. BbuIM HCIO/Ib30BaHbI
JlecATb TPYMHBIX MOSICHUYHBIX M03BOHKOB (L3-L5), u
czeslaHbl 7 MojeJiel ¢ MOBpEX/JeHHeM W HMILIaHTaluel
MeTa/UIMYeCKUX HMILIAaHTOB. JKecTKocTb npu u3rube
U3MepsJId B CTU6aHUY, Pa3rubaHny, MONepeyHoM U3rube u
0CEBOM BpallleHUH /IS KaXKJ,0H MO/IeJIU CUCII0JIb30BaHUEM
6-0ceBOro TecTepa MaTepuasja B AuanasoHe oT 0 go +3
HwM [14]. Ucnosib30BaHKe AOMOJHUTENbHONW MONEpeYyHO
CBSI3U 3HAYUTEJbHO YBEJHUYHUJIO OCEBYIO >KECTKOCTb NPH
BpallleHNH, XOTS KECTKOCTb NPU CTUOAHUH, pasrHGaHUHU
U 60KOBOM Hu3rube He 6blia yBesnndeHa. Kpome Toro,
JKECTKOCTb IPU OCEBOM BpalleHUH 3HAYUTEJNbHO
YJIYYLIH/IACch IPU MCIOJIb30BAHUU 2 MONEPEYHBIX CIIHBOK
BMeCTO OJIHOH IIONepevYHOH CBfA3M, a JKECTKOCTb He
M3MEHMJIACh B 3aBUCHMOCTH OT II0JIOKEHHUA U OpPUEHTALLUU
nornepeyHou cBsa3u [15].
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BcniencTBHe BhIlIeyKa3aHHbIX IPUYMH HAaMU GbLIO
npesJioXKeHO CO3/jaTb BTOPYI0 KOHTAKTHYI0O U OINOPHYIO
TO4YKy, GOpPMHUPYS KOHTAaKT MMIUIAHTOB CO BTOPbIM
KOCTHBIM 3JIEeMEHTOM T[03BOHKa. [Ipu KJlaccuueckom
MOHTaXKe CHCTeMbl BHMHTOB, IONEpPeYHbI KOHHEKTOpP
pa3Meliascss Ha MecTe pe3ellUPOBaHHOTO OCTHCTOr0
oTpocTKa. /Il co3/JaHUsl JJOTIOJIHUTENbHON TOUKH ONOpPbI
MBI IIpejijlaraeM He pe3elUpoBaTb OCTUCTBIM OTPOCTOK,
a MpOBECTH CTep)KeHb IONepeyHOTro KOHHEKTOopa uepes
OTBepCTHe, NpOJie/laHHOe B HMXKHEH TpeTH OCTHUCTOTO
OTPOCTKa, C IOCJeJYIOLUIUM IpoBeJeHHeM KOHHEKTopa
yepe3 MpoJieJJaHHOe OTBEPCTHE M KpelleHHeM  Ha

BbiBOAbI

PesysibTaThl Hallero HaGJIIO/EHUS I0Ka3bIBAlOT,
YTO MpeJjlaraeMasi METOJMKA CO3/IaHUS JJOTIOJTHUTEIbHON
TOYKHM  ONOPbl  TPAHCIEJUKYJSPHBIM  CHUCTEMaM,
NyTeM IIPOBeJIeHUsI IONEPEYHOro KOHHEKTOpa 4Yepes
OCTHCTBIM OTPOCTOK MO3BOHKA SIBJISIETCH ONTHUMasbHbIM
MeToJoM. /JJaHHBIH MeTO/J] YBeJUYUBAET CTAaOMJIBbHOCTb
TPAHCNEJUKYASAPHBIX CHUCTEM, TEM CaMbIM IPENSATCTBYS
pacuaThIBaHHUIO TMeJUKYISPHBIX BUHTOB C NOC/IELYIOIIUM
HOsIBJIEHUEM T10CJIE0TIePALIMOHHBIX 60JIEBBIX CAHAPOMOB U
MOTEpH MOJIyYEHHBIX PE3Y/IbTATOB KOPPEKIIHH.

KoHdymKT wuHTepecoB. ABTOp 3asBJsieT 06

CTep>KHHU C MTOMOIIbI0 CTaHAAPTHBIX CIOCO60B KpeIlJIeHHUs.
[Ipy 5TOM MPOUCXOAUT [AONOJHUTEJNbHOE JaBJeHHe Ha
KOHCTPYKIIUIO B BEHTPAJbHOM HalpaBJeHUH TPY TOMOIIU
KOHHEKTOPa, KOTOPbIH y>Ke He TPOCTO CBOGOAHO MPOXOJUT
MeXJy CTepXHSIMM, a NPOXOAUT uepe3 HeINOJBIKHBIN
OCTHUCTBIM OTPOCTOK MO3BOHKA. KOHHEKTOpP HUIpaeT poJb
«peccopel» M TacUT KoJie6aHUsi Ha KOHCTPYKIMIO MpH
JIBM>KEHUH TYJIOBUILA MAlMeHTa, CHUXKaeTcs JAaBJeHHe Ha
pe3b6y NpHU ABMIKEHHUAX COCEHUX TO3BOHKOB.

¢$parMeHTOM [JIOKTOPCKOM JuccepranMM aBTopa Ha
TeMy: «ONTHMHU3aLUs NPUMEHEHHs MOJIMCErMeHTapHBIX

KOPPHUTHPYIOLINX TPaHCNeAUKYASIPHBIX cUCTEeM
NpY XUPYPrUYECKOM  JIeYeHUH nebopmanuit U
JlereHepaTUBHBIX JUCTPOPUYECKUX pOLECCOB
M03BOHOYHUKAY.

B1arogapHoOCTb. ABTOp BbIpakaeT 6/1aroJapHoCThb

KOJUIeKTUBY Hay4yHO-MCC/1e10BaTe/NbCKOTO HMHCTUTYTA
TPaBMaTOJIOTHH u opTonesnU MuHMCcTepcTBa
3/paBooxpaHeHUs1  Asepb6ai/pkaHa 3a  OKa3aHHYIO

NnoAAEepXKKYy IIpU NpOoBeAeHUH NAaHHOI0 HCC/IeJO0BAHHA.

OTCYyTCTBUHU KOHd)]II/IKTa HHTEpeCoB.

duHaHCUpOBaHMe. Bremnux WCTOYHUKOB
¢uHaHcupoBaHuA HeT. JlaHHaa pa6ora ABJIAETCA
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BypaHAanbl TpaHCHeAMKY/IAPIIBIK dKyHelepAiH TYPaKThUIBIFBIH AaPTThIPYyFa apHaJ/IFaH YKaHa dAic.
JKCIepUMEHTTIK KOMIBIOTEPJIIK MoJe/IbAey HOTHXKeJIepi

xanunaoB T.A.

93ipbatixcan [leHcaynvlk cakmay muHucmpaieiniy Tpasmamosozusi jcaHe opmonedust FolAbILMU-3epmmey UHCMUMymblHblH ard
FbIIbIMU KbizmemKepi, baky, 93ip6atixcan. E-mail: ctoqrul@yahoo.com

Tyitinaeme

TolFbI30bIFbIHBIY - 9p MypinieiHe 6atlnaHbicmbl Memanan-cyliek callkeccizdieiHiy JHCOFapbLaaybl OMbIPMKA NAMO102USAAPbl 6ap
Haykacmapoda mpaHcneoukyaapabl bypaHdaasl dxcylienepdi umnaaHmayusiagqy kesiHoe UMNAAHMMbIY J/CIpeYIHe HCIHE HCLANCYbIHA
oKenyi MyMKIH. Bysn mpaHcnedukyaspavlk 6ekimyoden kelliHel ayblpcblHyFa JcaHe HamudiceciHde eMOik KOppeKyusiHblY memeHoeyiHe
aKese0l.

3epmmeydiy MaKcambl: mMpaHcneduKyaAspAbIK OypaHOaHblH 60caybiHblH aa10blH aaydblH JcaHa adiciH 6aranay i aHe KOMnblOMepAiKk
Modenbdey apkblabl danendemeni Homusicenepdi kKepcemy.

9ddicmepi. YcviHvlarau adic SolidWorks komnelomep/ik 6ardapaamMacbiHbly KoMeziMeH 3KkchepumeHmasdbl mypoe mModeabieHin,
madicipubede KoadaHbli10bl. KosdaHy adici 2014-2018 ixcblndap apanviFrbiHOA OMbIpMKAHbIY apmypAai namosiozusiaapust 6ap 42 Haykacma
Jicy3eze acbipuladsl. 3epmmeyee opmawia xeacel 3-65 Hcacmul KyparaH dtcaansl canwvl 22 (68,75%) atien men 20 (31,25%) ep adam kambicmbl.
Haykacmapra apmypai koH@duzypayusdarbl mpaHcheduKyaAsipaslK dcyliesepdi KoA0aHy apkblabl oma dcacaadel. OmadaH KelliHei y3ax
Mep3imoi ke3eyoe OypaHdanapdbly 630i2iHEH bIFbICYbIH 6010blpMay YWiH oMblpmKaaapdbly mikeHOi eciHdiciHde xcacasraH kKesdeHeH
CaHbLIaY apKblabl Ke0eHeH KOCKbIWIMbl 6MKi3in, KocblMwa mipek HyKmeciH ycacay aoici YcblHbLAObL.

Hamuoicenepi. XKaanet 2 mypai  scardatl kapacmuipuladel. BipiHwi scardatioa Kaaccukaawvlk Ke/oeHeH KOCKblWbl HCaHe
K0/10aHbIAAMbIH KO3FAYWbl Kywmepi 6ap ceziz mypJi 6arsimma 6ekiminzeH 6ypaHoanapovl oMblpmka deHeciHeH WulFapoulk. Exinwi scardaii
6ipiHwiee yKcac, mek omblpmraaapobi mikeHoi oCiHOICI apkblabl KOCbLIY0a aliblpMawblLabiFul 60106l Eki monma da opuiH aamacmolpy
KaWbIKMbIFbl MycipieeH Kyw 6eKmMopblHbIY GYpblUlbIHbIY YAFAlObIMeH apmadsl. Bypandaaapdarsl apadan wbikkan kyw 26,561 H/mm?
(MIla) 604061, Exinwi scardatioa amaambviw kyw kepcemkiwi 31,095 H/mm? (MIla) kypadel. Alieipmawsiasik 5 H/mm? 6040bL.

KopbimbiHObl. KesideHeH — KOCKblWMbL cmMamuka/blk mekcepin 6apuin, oMblpmKaaapobly mikeHdi eciHdici apKbiabl Hcypaisin,
mpancneduKyaspasl sicyliesaepdiy KocblmMwa mipek HyKkmeciH kammamacwsiz emy adici amaamwll jcylieHiH mypaKkmbulablFbIH apmmblpadbl.

Tytiin ~ ce3dep: mpaHcnedukyasipavlk 6ekimy, dcaya adic, madscipubeaik Mmodesnbdey, CKOAUO3, UMNAAHMMbL KONCbIMY,
mpancneduKyasipabl 6ypaHoaHsl 6ekimy, mpaHcnedukyasapavl 6ypaHdanbl 60camy, OMbIpmMKA XUpypausicol.

A New Method for Increasing the Stability of Screw Transpedicular Systems. Results of Experimental
Computer Modeling

Togrul Calil

Senior Researcher of the Scientific Research Institute of Traumatology and Orthopedics of the Ministry of Health of Azerbaijan,
Baku, Azerbaijan. E-mail: ctoqrul@yahoo.com

Abstract

An increase in the metal-bone conflict due to the different densities of these substances can lead to weakening and displacement of the
implant during implantation of pedicle screw systems, which leads to the appearance of pain syndrome and loss of the obtained correction in
patients with various spinal pathologies after transpedicular fixation.

The purpose of this study is to evaluate a new technique for preventing loosening of transpedicular screws and an evidence-based
demonstration of the results of computer modeling.

Methods. The proposed method was experimentally modeled using the Solid Works computer program and applied in practice. The
application technique was developed and described in 42 patients aged 13-65 years in the period 2014-2018 with various spinal pathologies.
A total of 22 (68.75%) women, 20 (31.25%) men. The patients underwent operations using transpedicular systems of various configurations.
To prevent spontaneous screw displacement in the late postoperative period, a method was proposed to create an additional support point by
passing a transverse connector through a transverse hole made in the spinous process of the vertebra.

Results. Two situations were considered. In the first case, a fixed vertebra with a classic transverse connector and applied driving forces
pull the screws out of the vertebral body in eight different directions. The second case was similar to the first, with a difference in the connection
through the spinous process of the vertebra. In both groups, the displacement distance increases with an increase in the angle of the applied
force vector. The force with which the screws exited the canal was 26.561 N/mm? (MPa). In the second case, it was 31.095 N/mm? (MPa). The
difference was 5 N/mm?.

Conclusions. A method for creating an additional support point for transpedicular systems by passing a transverse connector through
the spinous process of the vertebra, tested statically, increases the stability of transpedicular systems.

Keywords: transpedicular fixation, new method, experimental modeling, scoliosis, implant loosening, transpedicular screw fixation,
transpedicular screw loosening, spine surgery.
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OpuauHanbHasA cmames

BbuoMexaHMKa penoHUPYOLIEro BO3/eiCTBUS, OLleHEHHAsA MeTO40M KOHEe4YHbIX
3/IEMEHTOB M PEHTTe€HOJIOTHYeCKUe pe3y/IbTaThl ABYXBEKTOPHOM AUCTPAKIMH
anmapaToM BHellHel PUKCcal My NPU ONepaTUBHOM JIeYEeHUH nepeioMa NATOYHOM
KocTu Tuna Sanders IV

Kanacmaes AM. !, XKanacnaes T.M. ?, T'op6ynoB B.H. 3, Bongapenko A.B. *

! Bedywuil HayuHblil compydHuk, HayuoHaabHbIll HayvHbIl YeHmp mpasmamosio2uu u opmoneduu umeHu akademuka bamnenosa
H./l., Acmana, Kazaxcman. E-mail: zhanaspaev40@mail.ru
2 PhD dokmopanm Meduyumckozo yHugepcumema Acmaua, Acmana, Kazaxcman. E-mail: timurzhanaspyev@gmail.com
3 floyenm Kazaxckoz2o azpomexHu4ecko2o ucciedosamensckozo yHugepcumema umeru C. Cetipyanuna, Acmaua, Kazaxcmat.
E-mail: gdn_kz@mail.ru

* [Ipogpeccop Anmatickozo 2ocydapcmeerHHo20 MeQUYUHCKO20 yHusepcumema, bapnays, Poccusi. E-mail: barnaul-mixa@mail.ru

Pe3ome

JleyeHue KOMNpeCcCUOHHbIX nepesiomos nsamouHoll kocmu muna Sanders [V ocmaemcs cioxcHoU 3adaveil U onmMuMaabHAST MexXHUKa
penosuyuu ocmaemcsa CnOpHOlj.

Llesvio uccaedosaHus 6vi10 onpedeseHue yenecoo06pazHOCMU U peHM2eHO0A02UHecKoU pe3yIbmamueHoCmu UHMpaonepayuoHHoU
dgyxeekmopHoll ducmpakyuu annapamom eHewHel @ukcayuu HA 80CCMAHOB8/eHUe SHewlHel KoH@uaypayuu nsimoyHoUu Kocmu hpu
onepamusHoOM JievueHuu KOMNpeccuoHHozo hepeaoma muna Sanders IV.

Memodvul. Hamu 6bl1a paspabomaHa mamemamu4eckasi Modeab nped10HeHH020 annapama eHewHel puKcayuu U KOMNPECCUOHHO20
nepesoma nssmouHol kocmu muna Sanders IV memodom KoHeuHbix 31emeHmos. HanpsisceHHo-dehopmuposarnHoe cocmosiHue annapama
6blL1a UCCNed08AHA € UCNOAb308aHUEM hpoepammbl COMPASS-3D (APM FEM) Autodesk Juventor PRO, Free CAD 0,20. IIpoussedeHo
supmya/ibHoe ModeauposaHue npoyecca UHMpaonepayuoHHol peno3uyuu nepesoma nsmoyHol kocmu muna Sanders [V annapamom. Ha
peHmeeHozpammax 30 nayueHmos ¢ nepesoMoM namo4yHol kocmu muna Sanders IV do onepayuu onpedesieHbl 8bicOMA, WUPUHA, OJAUHA,
peasbHasl u 00axcHAs peepeHmHble AUHUU U Y201 83AUMOOMHOWEHUS MAPAHHOU U namo4Hol kocmeli no ConomuHy A.H. u coaemopos
(2017). 3mu sxce penmeeHo102u4eckue nokazameau onpedesieHbl Nocjae onepayuul.

Pe3ynbmambul. B pe3ysbmame 8upmya/nbH020 MOOeAUPOBAHUS npoyecca peno3uyuu nocpedcmeom 08yxeekmopHol ducmpakyuu
nepesoma nsimouyHoti kocmu muna Sanders IV~ mMemodom KoHeYHbIX 3/1eMeHmo8  ycmaHo8/1eHo, Ymo annapam obecnevyusaem
80CCMAHOB/IEHUE HE06X00UMOoll 8blcombl namo4Hol kocmu. IIpu uHmMpaonepayuoHHoOU peno3uyuu annapamom cpedHee 3HA4eHUe
80CCMAHOB/1EHUS 8bICOMbL NSIMOYHOU Kocmu cocmagu0 46 mm, wupuHbst 34,1 mMm, dauHel 81,7 MM, Umo 3HavumeabHo npegocxoduo (p<0,01)
do onepayuoHHble nokasameu.

Bb1800b1. Hcnosv3osaHue d8yxeeKmopHol ducmpakyuu annapamom eHewHell pukcayuu npu onepamueHoM JedeHuu nepeaoma
muna Sanders 1V, 6uomexaHuyeckuli yesecoobpasHo, mak Kak obecneyusaem aHamMoMu4ecKkoe 80CCMAHOBAEHUE 8bICOMbL, WUPUHBbL, OAUHbL U
83aUMOOMHOUIeHUe NIMOYHOU KOCMU ¢ MapaHHoL.

KnrodeBble cioBa: namouxas kocmb — os calcis, nepesom muna Sanders 1V, pedpepenmHble AUHUU U Y2/abl NAMOYHOU KOCMU,
penosuyus no West Hues, peno3uyus annapamom gHewHell hukcayuu, KOHeUHO-3/1eMeHMHAs1 MoOenb, HanpsiceHue no Mesucy, koagpuyuenm
npouHocmu.
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BBeaeHue

O6pamaeMocTb HaceJeHHUsl [0 MOBOJY IepesioMa
MATOYHOU KOCOW PpOpMbI MSATOYHOH KOCTH, BOCCO3J]aHHE
MPAaBUJBbHBIX IPOCTPAHCTBEHHBIX B3aWMOOTHOILIEHUH
SIBJIIETCSI OCHOBHBIM (GaKTOPOM [IJii BOCCTaHOBJIEHHE
HOPMaJIbHON QYHKIUM CTOIIBI M BCeH HMKHEH KOHEYHOCTH
B LIeJIOM.

3HauuTe/SbHble TPYAHOCTH IPU  PENO3UIUH,
B/IaBJIEHHOH B TeJIO NAATOYHOM KOCTH CyCTaBHOM daceTKu
OpyU KOMIPECCUOHHOM TIepesioMe Tuma Sanders [V
006yC/IOBJIEHO CJIO)KHOCTBIO KOHQUTypalMu CyCTaBHOH
daceTKH, a UIMEHHO ee BOIHYTOCTbIO B TOPU30HTAJIbHOHN
IJIOCKOCTH U BBINMYKJOCTBIO B CATUTTAJbHON IJIOCKOCTH,
HakJIOHe MeJUaJbHO U B IOJOLIBEHHYI CTOpoHy [1-3].
[losaToMy 3akpblTasg JAenpeccusi BJABJIEHHOW CyCTaBHOMU
¢daceTku npu nepesome tuna Sanders IV kak mpaBuJio
He NPOUCXOAUT W Heob6XoJMMa OTKpBITAs JeNpeccus U
penosunus.

[lpy BOCCTAaHOBJIEHMM BHEIIHEW KOHPUIypaluu

NATOYHOM KOCTHM KJIIOYEBBIM MOMEHTOM  SIBJSETCS
onpejesieHUe BepIIMHbl JedopMalud U BeJUYUHBI
CMellleHUs]  OCHOBHBIX  ¢parMeHTOB. BoJIBLIIMHCTBO

vccaeoBaTe/led Mpu 3aKpPbITONH U OTKPBITON pPEno3vLU
BOCCTAHOBJIEHHME BHeLIHEH KOHPUTrypaUUu MOATOYHOH
KOCTH OCYILeCTBJSAIOT METOAOM aKCHaJbHOU peayKIUu
no H. Westhues [4]. Ucnionb3oBaHue KT ckaHupoBaHus B
[ocJeonepallMoHHOM Mepuojie W HHTpaollepaliHOHHON
3D Busyanusanud nociae peno3uuud mno H. Westhues
nokasasno, 4to y 35,2-47% mnayueHTOB HMeeT MEeCTO
HeJI0BNPAaBJIEHHOCTb nepesioma [2,3,5-8].

Metop YPECKOCTHOTO OCTEOCHHTE3a o
WnusapoBy [AJMHHBIX Tpy6G4aThbIX KOCTEeW MOGYAUI
psan uccaenosaTesied  PoccMM MCNO/Ib30BaTh €ro /s
peno3unuu M PUKcaLMU 10 CpallleHUs IepesioMa
NATOYHOH KocCTH. [lo Mepe HmpuUMeHeHHs MeTozAa GblJIOo
YCTAHOBJIEHO, YTO HCIOJb30BaHHE MHOXECTBA CIIHUI|
(5-6 u Gosiee) He obecrneynBaeT 3aKPbITOW peNnO3ULUU
cycTaBHOH ¢aceTku B BUAY pa3HOHANPABJIEHHOCTH
CMeLleHUs] MHOX€eCTBA 0CKOJIKOB IPH MHOTI'00CKOJIbYAThIX
nepesiomMax. Iloce MOHTaxa amnmnapata HeBO3MOXHa

MaTepua/ibl U METOAbI

JlaHHOEe TpPOCIIEKTOBOE HCCJIe/JOBaHHE OCHOBAaHO
Ha aHa/iM3e PEHTreHorpaMM J0 U mocjie omnepanuu 30
MalMeHTOB C BHYTPUCYCTaBHBIMU IepeioMaMu MATOYHON
koctu Tumna Sanders IV, seunBmuxca ¢ 2016 mo 2022

OTKpbITass peno3vuus. AnmapaTbl BHeUIHeH (QUKCALUH
He 00ecrneyuBalOT 3aKpPbITOW JeNpeccUd BJaBJIeHHOH
cyctaBHON daceTkn. Kpome Toro, mocse MoOHTaxa
anmapara 3aTpy/HeHa OljeHKa pe3ysbTaTa PeNO3ULUH U3-
3a PEHTTeHHEraTHUBHOCTH METAJINYECKHUX OMOp U Y3JI0B
anmapara.

B HacToslee BpeMs HCIOJIb3YIOTCS
HMHTpaoIepaloHHO MaJiIorabopUTHbIE C  OfHUM
CTepKHEeM JIMOO CHUIed B 06JIaCTH NATOYHOTO Oyrpa
annapaTbel BHellHeH QUKCcAalMM TNpU OTKPBITOH, JH6G0
MUHHMMHBAa3UBHOM  DPENO3WIUM  CYCTaBHOM  daceTKHu
B KayecTBe CpeJACTBAa BOCCTAHOBJEHHS BHeEIIHeH
KoHUrypanuu naTouyHol koctu [9-11]. BocctaHoBieHNE
BHeIIHeH KOHQUIypalMyu NATOYHOH KOCTH B IIpolecce
JAUCTPAKLMH MATOYHOro Oyrpa MNPOUCXOAUT 3a CYET
JIMTaMeHTOTaKCHca KalCyJbHO-CBSI304HBIX, (aciiialIbHbIX
U CYXOXKMJIbHO-MBIIIEYHBIX CTPYKTYpP, PaCIOJI0KeHHBIX
[0 NepUMEeTPy 3aJHEro OTAesa CTONbl. [IpuMeHsieMble
HMHTpaoIepaloHHO MaJiorabapuTHbIe amnmaparsl
BHeIlHeH QUKcalyu CO3/Jjal0T JINTAMEHTOTAKCHUC TOJIbKO
B OJJHOM IJIOCKOCTH BJI0JIb OCH TOJIEHH JINGO B/OJb OCH
NATOYHOM KOCTHU. [Ipu nepesioMe NATOYHOM KOCTH THUIA
Sanders IV Heo6X0AUM JINTAMEHTOTAKCUC IO BCEMY
NepUMeTpy KOCTH, TO eCTh He06X0AMMa JIBYXIIJIOCKOCTHAs
JUCTPAKIHsL.

[loHMMaHHe OHOMEXaHHUYECKOTO  BO3EHCTBUS
JABYX BEKTOPHOHM AUCTPAKLUU NPU PENO3ULUM IepesoMa
naToYyHol Koctu Tuma Sanders IV B03MOXXHO MeTOZOM
KOHEYHBbIX 3JIeMeHTOB. B HacTosiiiee BpeMs MeTOZ
koHeuHoro MK3 sBssieTcss HauboJsiee pacnpoCcTpaHEHHBIM
U 3)PeKTUBHBIM METOJOM aHaIu3a MeXaHHUYeCKOro
NoBeJleHUs U HalpsKeHHO-epopMUPOBAHHOTO
COCTOSIHMSL  CJIOXKHBIX ~ MHOT'OKOMIIOHEHTHBIX  CUCTEM
reTeporeHHOro CTPOeHHUs.

Iles1b Mcce;0BAHUS: OLIEHUTD 11eJ1IeCO00PA3HOCTh
U pPe3yJbTaTUBHOCTb  JIByXBEKTOPHOW  JMCTPAKIUU
nepesioMa NATOYHOM KocTH Tuna Sanders IV anmapatom
BHeLIHeH pUKcaly Npy ONepaTUBHOM JIEYEHHUH.

roAel B HarmoHaspHOM Hay4yHOM IieHTpPe TPaBMaTOJIOTHH
U opTomejuu HMeHW akajeMuka barmenoBa H.Jl. u
MHoronpodUIbHONW TopoJcKol 6GoJbHHUILI Ne1 ropoxa
AcrtaHa.

PucyHok 1 -PegpepeHmHble AUHUU U Y201 NSTIMOYHOL Kocmu:
ab - auHus 6.10ka mapaHHoU Kocmu; mo4ka ¢ — onpedeasiemcst nymem ab ymHooiceHHas 2,56;
mouka d - onpedessiemcs auHuell npogedeHHoU om mouku ¢ nod yeaom 15,2° k 3adHeli nogepxHocmu nsimo4yHol Kocmu;
mouka d1 - eepwuHa ocu NO8peXcOeHHOl NIMOYHOL Kocmu;
Paccmosinue om mouku d1 do mouku d Heob6xodumoe paccmosiHue ducmpakyuu nimo4Hoz0 6yzpa

Kpurtepuem BKJIIOYEHUS] ObLIM  MallueHTbl
ctapuie 18 JsieT UMeBLIMe IepeJiOM TUINa Sanders
IV, ycTaHOBJIEHHBIH KOMIBIOTEpPHOU TOMOTrpadueil.

KputepreM uCK/IIOUEHHUS OBLIM OTKPBITbIE IEPESOMBI,
BHYTpHUCYCTaBHble mepesioMbl THna Sanders II u III,
MpeLUIeCTBYIOIMe ONEpaTUBHbIe BMeIIAaTeJbCTBA Ha
NATOYHOU KOCTH, HaJIMYUE CEPbE3HBIX COMYTCTBYIOIIUX
3a60JIeEBaHUHU CEPALA, IETKUX, OPTaHOB GPIOLIHOM MOJIOCTH,

18

JIEKOMIIEHCUPOBAHHOTO caXxapHOro AruabeTa, 3a60/1eBaHUI
COCY/ZI0OB HUKHUX KOHEYHOCTEH.

ﬂ.}]ﬂ OLIEHKHU LLeJ'IECOO6pa3HOCTI/I NpUMEHEeHHA

anmapata BHellHed ¢Qukcanud 6bLia  paspaboTaHa
MEeTOJIOM KOHEeYHbIX 3jieMeHTOB (MKD3) co3zana mognenb
annapata. Co3gana 3D Mogesb KOMIPECCHOHHOIO

nepesioMa NSATOYHOM KocTtu Tuma Sanders [V. 3atem
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BOCIIPOM3BE/IEH NPOLECC BUPTYaJbHOTO MOJEJHMPOBAHUS
WHPAOINEPAllMOHHON pemno3ulMKu IepesoMa NMATOYHON
koctu Tuna Sanders V. [l KOMIIbIOTEpPHOU peasnd3anuu
MK3 6buiM  ucmosb3oBaHbl  nporpamma  COMPASS-
3D (ARM FEM) Autodesck invetor PRO, Free+AD 0,20.
Bbulo HMCCIe0BaHO HANpsDKEHHO J1eGOPMHUPOBAHHOIO
COCTOSIHMSI annapaTta BHellHed ¢ukcauuu B Ipolecce
BUPTYaJbHOTO  MOJI€JIMPOBAaHUS ~ MHTpAoNepaliOHHON
peno3uIMK nepesoMa NTOYHOH KocTu Tuna Sanders IV.

J1s OoueHKH pe3yJbTaTHUBHOCTH [BYXBEKTOPHOMH
JUCTPAKLMM HAa peHTreHorpaMMax B CaruTaJbHOU
npoekuud 30 DNAMEHTOB /[0 M IOCJAe PEeNno3ULUu
anmapaToM  BHellHeH  (QUKCAMM  KOMIIPECCHOHHOTO
nepeJsioMa NATOYHOH KocTu TUna Sanders IV onpesensiacy
JIOJDKHOE M peasibHOe B3aUMOOTHOLIEHHE TapaHHOM H
NATOYHOM KOCTEH [0 omepanMd MU JOCTUTHYTas Ioce
pPEeNo3UIMH NyTeM HCIOJb30BaHUA pedpepeHTHBIX JUHUN
u yria (PJ/1Y) no metonuke Conomuna JLH. ¢ coaBt. (2017)
[12], koTopHIii mpeAcTaB/IEH HA PUCYHKe 1.

Yepes HIKHHUE Kpas 6/10Ka TapaHHON KOCTH TOYKH,
A no Toyku B mpoBogsAT simHUIO 1 U3MeEPSIOT ero JJIMHY,
KOTOPYIO YMHOXKAIOT Ha K03 PuIueHT 2,56 HAXOAAT TOUKY
¢ Ha npoTskeHuu JuHuK 1. C Touku ¢ moj yriom 15,29
NPOBOJAT JIMHUIO 2 10 3aZHEH NOBEPXHOCTH MSTOYHOH
KOCTH U 0603HavaroT Toukoi d. B Hopme paccrosHue oT
TOYKU C Z10d 10/KHO ObITh, KaK paccTosiHue ab yMHOXKeHHOE
Ha ko3 punueHT 4,59. Touka d ¥ ecTb BepIIHUHA 33iHEN
MOBEPXHOCTH MNATOYHOHW KOCTH, KOTOPYI HEO6XOJUMO
JOCTUYb NpPU peno3vLMM KOMIIPECCHOHHOTO IepesoMa
NATOYHOM KocTu Tuma Sanders IV. 3aTeM ompejensioT
peasibHYy0 0Cb NATOYHOM KOCTH NOCJIe ITepesioMa, BEPIINHY
KoTopoi 0603HavatoT Toukoi d1. PacctosiHue oT Touku d1

J0 d 1 ecTh He06XoAMMast MPOTHKEHHOCTh AUCTPAKLUU
3aZlHell 4YacTH NATOYHOW KOCTH BOBPeMs JAMCTPAKLUU
annapaToM BHelIHel GUKCcaLUU.

OneHKa  pe3ylbTaTa  pemo3uIUM  IOC]e
JBYXBEKTODHOM  JAMCTpaKLMM amnmapaToM BHeLIHeH
duKcaLuu NpPOU3BOAUIM PEHTTeHOJIOTHYEeCKH MNyTeM
OllpeJie/IeHHs1 0 W TOCJe ONepalyy BbICOTHI, LIHPHUHBI,
JJIMHBI NMSITOYHOH KOCTH. BbicoTa M AJIMHA NATOYHOH
KocTH ompefensnu no Leung K.S. et al. [13]. Mlupuny
ISTOYHOH KOCTH W3MepUJIM Ha peHTreHorpaMMe B
aKCHA/IbHOM NPOEKLHH.

PeHTreHo/iloTHYECKHE pe3y/bTAaThl 0 W TOCHe
omnepanu ObLJIM MOABEPTHYThI CTaTUYECKOMY aHAJIM3Y C
HCII0JIb30BaHHWEM IporpaMMHoro o6ecnedenus SPSS 21,0
(JBM Corp, Armonk, Hbio-Hopk). IokasaTesu BBICOTEI,
IIUPHUHBI, AJMHBI MSATOYHOU KOCTU OBLIM BbIPAXKEHBI B
BUJIe CpeJHEro 3HadyeHHUs, CTAHJAPTHOTO OTKJIOHEHUS
(SD), MHUHHUMaJIBHOTO, MAaKCUMaJIbHOTO W MeJUaHHOTO
3HayeHUs1. PeHTreHOJIOTMYEeCKHe TMOKa3aTeJH BbICOTHI,
IIMPHUHBI, AJUHbI NITOYHOHW KOCTH JI0 U TOCJIe Oleparuu
CpaBHUBAJIM C NMOMOIIbIO MapHOTO KpUTepust CThIOZEHTA.
3HavyeHwus p<0,05 curTaNOCh CTATUCTUYECKH 3HAYUMBbIM.

OnepaTuBHas npoueaypa. Onepaiyy BbIIOJHIIN
B OOKOBOM IIOJIOKEHMM TNaljpeHTa I0j o6lield Jn6o
CIIMHOMO3I0BOM aHeCTe3Mel Ioc/e HaJloXKeHUs KI'yTa Ha
HIDKHIOIO TPETh Gefipa.

JIByXBeKTOpHasi AUCTPAKLMs MNATOYHOH KOCTHU
NpOMU3BOAMJIACh  aNlapaToM  BHellHed  QUKcalUH,
npejcTaBjeHHbIM Ha pucyHke 2 (Ilatrent Ne037877
EBpa3suiickoro nateHTHoro Begomctsa ot 30.05.21 r.).

PucyHok 2 - Cxema annapama 0151 UHMpaonepayuoHHoU peno3uyuu nepesomMa NIMoYHol Kocmu.
1 u 2 - onopwl 6a308020 M0JYA5; 3- pe3bb08ble cmepicHU coeduHsuue onopel 1 u 2 6a308020 MoAy/sl; 4- peno3uyuUOHHO-NIMOYHAS
dyaa; 5 - peno3uyuoHHbLll y3es; 6 — 8epxXHSIS YACMb PENO3UYUOHO20 Y31a; 7- HUXCHSS 4aCMb PeN03UYUOHHO20 Y310,
8 - pe3b6o8ble cmepicHU Mecdy 6a308blM MOJYAeM U 8epXHEU Yacmblo peno3uyuoHH020 y3/a; 9 — KpoHWmeliHbl peno3uyuoHH020
y3aa; 10 - pe3bb08ble cmepHCHU CoeQUHSIIoWUe NSIMOYHYI0 dy2y € peno3UYUOHHbIM y310M; 11 — KpoHWMeliHbl 0151 cOeQUHeHUs!
Peno3uyuUoHHO20 y31a ¢ NimoyHol dyzoll; 12 - nnacmuHa peno3uyuoHHo20 y34a; 13 - cmoiika naacmuHsl peno3uyuoHHo20 y31a;
14 - mygpma penoszuyuoHHoz0 y3aa; 15 - cmpy6yuHa peno3uyuoHHozo y3aa; 16 - cnuya npogedeHHas yepe3 NsimoyHblil 6y2op;
17 - cnuyesaxcum nsimoyvHol cnuybsl; 18 —~kpoHwmeliH 015 pukcayuu NTMoYHO20 CNUYe3axcumd;
19 u 20 - cnuybl npogedeHHble Yepe3 60abUebepy08yH KOCMb

Yepe3s Oyrop NATOYHOW KOCTH MPOBOJST CIHUILY
16 U OUKCUPYIOT cnuie3aXuMaMd 17 Ha BbIHOCHBIX
KpoHIUTelHHaX 18 K naTo4HOU Ayre 4. B HaJ JIoABDKEYHOH
06/1aCcTH 6O0JIbIIEGEPIIOBOM KOCTH HPOBOAAT cnuuy 19,
B cpeAHell TpeTu - cnuly 20, KoTopble QUKCHPYIOT B
Ayrax 2 u 1 6azoBoro moayss. [aeqyHol mapoii pe3b6oBbIX
CTepxkHel 8, ocylecTBJSIOT HU3BeJleHHWe BepxHel 4acTu
6 AMCTPAKLMOHHOTO PEMO3UILHOHHOTO y3/a 5 U NATOYHON

Jyrd 4 BHU3 10 OCH rojieHW. [Ipy 3TOM yCTpaHSIOT
CMellleHHe OTJIOMKOB NMSTOYHOW KOCTH 1o BbicoTe. [lasee
cTpybUMHY 15 BJ€BO ¢ 06euX CTOPOH, MPOU3BOJAT
nepeMelleHre HWXHEH dYacTM 7 JIUCTPAKLHMOHHOIO
pPENo3UIMOHHOTO y3/7a 5 BMecTe C MATOYHOU JAyroi
4 BOJMb NPOLOJBHOW OCH NSATOYHOM KOCTH, YCTpaHss
CMelleHNe OTIOMKOB I10 JIJIMHE.

19
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CMellleHHE OTJOMKOB IO IIMPUHE YCTPaHSAETCS
3a C4YeT JieraMeHTOTaKCcuca MATKOTKaHHOro ¢yTiaspa
NATOYHOM KOCTU. BpaBieHHyw0 cycTaBHyw ¢aceTKy
OTKPBITO PENOHUPYIOT U MPOU3BOJAT OCTEOCHHTE3
NATOYHOM IJIACTUHOM C YIJIOBOM  CTAaOGUJIBHOCTBIO
6JI0KMpyeMbIMU BUHTaMHU. [loc/ie ocTeocHHTE3a NSTOYHOU
KOCTH YCTPOUCTBO AEMOHTHUPYIOT.

Pe3ybTaThl

Ha ocHOBaHMM pEHTreHOBCKUX CHUMKOB U KT,
aHATOMMYECKUX aT/IaCOB U JIMTEPATYPHBIX HMCTOYHUKOB
OblI1a paspaboTaHa yCpeJHeHHas BHUPTYaJbHas
crepeosnutorpadpudeckas mogenb (STL-mozennb). STL-
Mo/Jiesib Gbl1a Mpeo6pa3oBaHa B TBEPJOTENbHYI0 MOJE/b
¢ npuMeHeHreM CAD-makeTa KOMIBIOTEPHBIX MPOrpaMM

a)

[IpOTOKOJI JAHHOT0 UCCIE/J0BAHUS GbLIO 0Z06PEHO
JlokaJbHOW KOMMCCHMEH 1o 6uo3THKe HanuoHa/ibHOM
HAay4YHOM LIeHTpPe TPaBMaTOJIOTHH U OPTONEJUU HUMEHHU
akagemuka barnenosa H./l.,, Ne8 ot 8 geka6ps 2021 roza.

COMPASS-3D, Autodesk Inventor PRO, In Vesalius,
Free CAD 0,20. O6beMHble aHAaTOMHYECKH IOJ06HBIE
KOMIIbIOTEPHbIE MOJZIeJIM IpPeJCTaBJEHbl HAa pUCYHKe 3.
B kayecTBe Harpysku Oblja NpUHATA cua paBHasg 60 H,
NpUIoKeHHas 1oJ, yrioM 450 Ha TOpLEBYIO TOBEPXHOCTh
NATOYHOU JyTHU.

PucyHok 3 - STL u 3D modenb 2041eHU, cmonbl U hukcayuu ee annapamom
a) - STL-modenb 2041eHU U cmonbl;
6) - 3/] Modesb cucmembl «annapam - 20/1eHb U cmonwl (kocmu)»

[IpoBepka NPOYHOCTH YCTPOIiCTBA METOAOM
KOHeYHbIX 3jieMeHTOB (MK3J). PacuetHas wmozenb
ycTpoicTBa 6Obl1a mpezcTaBieHa u3 382885 asemMeHTOB
- JIMHEHHBIX TeTpasApoB. O61iee YHUCIO Y3/I0B COCTABUIIO

aj

Tore Crespmase
Epmuga: mm

1,029 Mot

0,206

0 M

c)

604517. HanpspkeHHO-ZepOPMHUPOBAHHOE  COCTOSIHHE
anmaparta BHelTHeH QUKcaIuy MpeJCTaBJeHO Ha PUCYHKe
4.

=F
G65,9 Maxc
5327
389,6
266,4
1332
0 M
b}

15 Mare

12

9

]

3

0,38 Men

d)

PucyHok 4 - Pe3ysbmamul ucc/1e008aHust HaNpsidceHHo-0edopMUpPO8AHHO20 COCMOSTHUSL.
a) KOHeYHO 3/1eMeHmHasl cemka ycmpoticmaa
b) HanpsixceHue no Musecy, Mna
¢) mun cmeweHus 8 MM
d) koagpgpuyenm 3anaca npouHocmu

[IpoBenenuble uccaepoBanuss H/IC (PucyHok 4)
MOKa3a/yd, 4YTO BeJWYMHA HaNpsDKeHWH, BO3HMKAKOLIUX
NpY BO3AEHCTBUM HArpysKd Ha ammnapaT He MpeBbIUIaloT

20

npejena MPOYHOCTA MaTepuasna ycTpoiictBa 720
MIla. HauGosiblivie HanpshKeHUsST BO3HUKAIT B MecTax
KpemieHus: cnuy, - 665 MIla. HaubGosbliee cMmeljeHue
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noJsiydaeT nsitodyHasi gayra - 1 mm, KoadduureHnt 3amnaca
npoyHocTH u3MeHnsercs ot 0,38 go 15, HauGosee ciabbie
3JIeMEeHTbl YCTPOWCTBA — 3TO CHHUIbI, AJsI NOBBILIEHHS
Harpy304HOW CHOCOGHOCTH CNHUL, HEOGXOJUMO MPOBOAUTH

a)

HaTAXeHHWe CIHWL. B LeJIOM KOHCTPYKLUA IpOYHad H
JKeCTKasd I03BOJIAKOIAaA BBIINOJHATL Ppeno3uiuio IpHUu
nepesoMax MATOYHOMN KOCTH.

5)

PucyHok 5 - [lepesiom namouroli kocmu muna Sanders [V
a) 60k08as u akcuaabHAsi npoeKyuu peHmeeHozpammel nayueuma TIIB, 22 nem.
b) Moauzonanvhasa 3D modeas cmonwt no pesyasmamom KT

OnpejesieHUe mnepeMelleHUl NPU peno3uLUU
annapaToM. KoMnpeccrnoHHbIN nlepesioM NATOYHON KOCTH
tuna Sanders IV (PucyHok 5) HacTymaeT B pe3yJibTaTe
NaJieHus C BbICOTHI WJIM CUJIBHOM yape npu aBapusx. [Ipu
3TOM MPOHUCXOJUT CMelleHWEe OTJOMKOB, CO CHIDKEHHE
BBICOTBI, YBEeJIMYEHHWEM IIUPHUHBI, YKOPOYEHHWEM IOJIMHBI 3a
CYeT CMATHUSA KOCTHOW TKaHU.

HpOBe,qu BHPTYyaJ/IbHOE MOZeJIMPpOBAaHUE ITpoLiecca
HHpaOHepaLlHOHOﬁ penosununuun AJid onpejesieHusA
MPaBUJIBHOTO aHATOMHUYECKOIr'o IMOJIOXKEHUA NATOYHOU

KOCTH 10 METOAUKU npejyokeHHOW COJIOMUHBIM
JLH. ¢ coaBtopamu [12]. MeToauka OCHOBaHa Ha
3HaYeHUsAX U nosoxkeHud PJY. Jlna  udckiarodeHus

o6k PJIY Bo3MoOXHble mnpu 2D MJIAaHUPOBAHUHU
peno3vuurr  UCIIOJIb30BAHbI HEe TOJIbKO pe3yJIbTaThbl
PEHTIeHOJIOTUYECKOTO UCCae0BaHusl, HO U 3D Mozesb,
nosydyeHHass no pesynbratam KT (Pucynok 5). Ilpouecc
BUPTYa/IbHOTO MOJEJHUPOBAHUA PENOo3ULHUU NATOYHOH
KOCTH IIpeJicTaBJieH Ha PucyHke 6.

PucyHok 6 - [Ipoyecc 8upmyaabHO20 MOOeAUPOBAHUS UHPAONEPAYUOHOU peno3uyuu NIMOYHOU Kocmu:
a -60k08ast npoekyusi npagoli namoyHol kocmu nayuewma TLIB, 22 nem ;
6 - npogedeHue AUHUU 6/10KA MAPAHHOU Kocmu ¢ onpedesieHUeM moyek a u b;
8 — onpedesieHue mouku ¢ no gpopmyse abx2,56 u HaxosxcdeHue mouku d no popmyse abx4,59;
2 - onpede/ieHue ocu nAMo4HoU Kocmu noc/e nepesaoma d1;
d - nposedeHue 8upmMyanbHAsi UHMPAONEPAYUOHHOU peno3uyuu nod yeaom 450 k ocu 2oseHu ¢ yuemom umnpeccuu cycmagHoll
¢acemka, nososiceHue mouKu d2; i — 8bIN0JAHEHA BUPMYAIbHASL UHMPAONepayUOHHAs peno3uyust NIMoYHOl Kocmu no/ioxceHue moyku d3

Jig AOCTMXKeHWsT TpPH  PEeno3ULUU  BbICOTHI
NATOYHOU KOCTH 45 MM He06X0/AMMO NepeMeleHre CITUIbI
¢ Touku O (MecTo mpoBejieHUs cnunbl) Ao Toukd O1 mof,

yriaoM 452 Baosib ocu rosieHu Ha 3,31 MM U g0 Touku 02
Ha 20,67 MM. CyMMapHOe 3HaueHHe NepeMellleHUs CIULbI
BHU3 110 BepTHKaJIU COCTaBUIIO 23,98 MM.

21
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Onpegenum CMoco6HOCTh yCcTpoucTBa
OCYIeCTBJIATb nepeMellleHUsA (Pucynox
7). OcymecTBUM HU3BeJleHMe BepxHel 4acTu 6
peno3vuuMoHOro y3ia 5 W naToyHOW Jyrd 4 BHU3
[0 OCH TOoJIeHH Ha 24 MM M Bpamas CTpyouuHy 15
nepeMellaeM HWXHIOIO 4acTb 7 JAUCTPAKLMOHHOTO
MPENO3UIMOHHOr0 y3/7a 5 BMecTe ¢ BMeCTe C MATOYHOH
JAyrol 4 B/OJIb NMPOJOJIbHOW OCU MATOYHON KOCTHU TaKXKe
Ha 24 MM BHU3 B pe3ysbTaTe NOJY4YUM TOYKY A NpUMeM
ee 3a HayaJI0o KOOpJAMHAT. [lasee Bpamas cTpy6uuHy 15 B
NPOTHUBOIOJIOXKHOM HallpaBJIEHUH IlepeMellaeM HUXHIOK
4acTh 7 JUCTPAKIMOHOI0 PENO3ULIMOHOTO y3J1a 5 BMeCTe C
NATOYHOM AYTOor 4 BJJ0JIb IPOJ0JIbHOW OCU AATOYHOMW JYyTU

TaKue

J10 UCXOAHOTO BBEPX MOJIYYUM TOYKY B.3aTtem OCyLIeCTBUM
MOJA’beM /IO UCXOJHOT'0 BEPXHIOI YaCTH 6 PENO3ULIMOHOI0
y3J1a 5 U NATOYHOH Ayru 4 BBepX IO OCH rOJIeHH MOJYyYUM
Touky C. Y nocsenHee Bpaias cTpynuuHy 15 nepemeniaem
HWKHIOIO 4aCThb 7 AUCTPAKLUOHHOTO PENO3UIMOHOr0 y3J1a
5 BMecTe ¢ BMecTe ¢ ISTOYHOU Ayroi 4 BA0JIb MPO0JbHOMN
OCH NATOYHOM JyTW [0 HCXOLHOTO BBEpX B pesysbTaTe
MnoJay4uM Touky D. TakuM 06pa3oM Mbl MOJYYUM
MaKCHMaJIbHYI0 06J1aCTh MepeMelleHus CITUIbI 16.

MaTtemaTtudyecku 3Ta o6jactb (ABCD) Oyzer
06pa3oBaHa CUCTEMOU JIMHEWHBIX YPOBHEHUH:

XAD=0; XCB=b; YAB=x cos 450; YDC=h+x cos 450 (1)

[Tpu BbINOJTHEHHUHU HWHTpaolepayoOHHON
penosuIMU TpaeKTopUs NepeMelleHus cnuipl 16 gokHa
HaxoguTbcst BHyTpU ABCD, KoTopasi nmpeAcTaBJisieT co60i
napaJijaesorpaMm.

Ucxona W3 NpPOBEJEHHBIX  HCCIeL0BAaHUU
YCTAQHOBJIEHO, YTO IPe/JIOKEHHBbIH anmapaTa HO3BOJSET
JIOCTUYb BBICOTHI NATOYHOH KOocTH B 45 MM npu
peno3vuuy NyTeM JAWCTPaKLMM INATOYHOro Oyrpa
B/IOJIb OCH TOJieHM Ha 24 MM. PacmnpeHue Jm6o
yMeHbllleHHe rpaHul, o6sactd ABCD BO3MOXKHO 3a cyeT

yAJUHEHUs, JIM60 YKOpPOYeHHs] pe3b0OBbIX CTepXKHEH
anmnapara Mex/ay 6a30BbIM MOAYJEM U BepxXHEH 4YacCTbio
PENO3UIIMOHHOrO y3Jia U CTPYOLMHBI MEXJY BepXHEH U
HIKHEH 4acTsMM peno3UIMOHHOrO0 y3Ja. UTo No3BoJseT
WH/JUBU/IyaIU3UpOBaTh  JMaNa3oH PENOHUPYIOLINX
MaHEBpPOB B 3aBUCHMOCTH OT OCOGEHHOCTEH aHaTOMHUH
NATOYHOM KOCTH KQXKJ0r0 MalMeHTa.

PeHTreHosIOrM4YeCKHe  pe3yJbTaTbl  PENo3ULUU
KOMIIDECCUOHHOTO MepejioMa MSITOYHOW KOCTH THHa
Sanders IV npejcTraByieHs! Ha Tabsune 1.

Ta6/luua 1 - PenmeeHo/102u4eckue nokasameau 8bICOMbl, WUpUHbL, O0/IUHbI NIMOYHOU Kocmu do u nocae uHmpaonepauuomwﬁ

dayxeekmopHotl ducmpakyuu nepesoma muna Sanders [V

TTokasaresmn Baicora (vm) ‘ upwaa (M) Jmaa (viv)
Jlo omeparum
CpenHee 3HaYeHUE ?ﬁﬁ; (51\%6 74,4
1) (M1)
CranjapTHOe OTKJIOHEHUEe 4,0 6,6 6,34
Jlnamazon 27-40 40-65 58,5-89
Ilocse omeparun
Cpejree 3HaueHue (13[62) 3\2’21) 8\/1[727)
CranjapTHOe OTKJIOHEHUEe 5,3 2,42 5,39
Jlnamason 38-60 28-40 70-94
P p<0,001 p<0,001 p<0,001

CpefHee 3Ha4yeHHe BBICOTbl NATOYHOW KOCTH C
nepesoMoM Tumna Sanders IV mocsie uHTpaonepanoHHON
JIBYyXBEKTOPHOU JUCTPAKIIMU COCTABUJIO 46,5 MM, IIUPHUHBI
34,3MM, An1UHBI81,7 MM CCOOTBETCTBYIOLIMM CTaHAAPTHBIM

a)
PucyHok 7- 061acmb nepemewjeHust cCnuybl pachoA0iceHHOU Ha nimoyvHol kocmu (mouka O) npu uHMpaonepayuoHHoOU peno3uyuu:
a) 06was cxema 8bINOAHEHUS UHMPAOhepayuUOHHOU peno3uyuu;
b) I'paguueckoe uzobpasiceHue 06aacmu MakcuMaabHozo nepemeweHuss (ABCD) cnuybl 16 u mpaekmopuu peno3uyuu nssmo4Houl
kocmu (0 0102)

06cyxaeHue

MaTemaTH4ecKoe MoJeJIMpoBaHue )4
GroMexXaHUYeCKUHI aHaJInu3 MeToa0M KOHEYHbIX
3JIEMEHTOB ABJIAETCA OJJHUM H3 COBPEMEHHBbIX

22

OTKJIOHEeHHeM 5,2 MM, 2,5 MM, 5,39 MM ¢ suanasoHom 38-60
MM, 28-40 MM, 70-94 MM, uTO 3HaUKTeNBHO BhIIe (p<0,001)
Z10 OIIepAallMOHHOTI0 MOKa3aTeJid BbICOTHI, JJIMHBI U MEHbIIIe
(p<0,001) mokasaTesisl LIUPHUHBI.

A s
y 5 £
@ ,/'\( < f7-
\i?f\& [ S
DN, 55
N 4£5°
A 1
- X
6)

WHCTPYMEHTOB B IIOHMMAHUU GHOMEXaHHUKH CKEeJIETHO-
MBILIEYHBIX CTPYKTYp CTOIBI NPH IepeJoMax NATOYHOH
KOCTH. B mnpejliecTByHOLUIMX HCCAELOBAaHUAX H3Y4YEHO
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O6UOMexaHUYeCKoe  BO3JeHCTBMe Ha  HampshKEHHO-
fedopMUpOBAaHHOE COCTOSIHUME 33aJlHEro OTJeJsla CTOIbI
OpU OCTEeOCHHTe3e IUIaCTMHOM, BHHTaMH, CIHIAMH,
CTep)KHEBBIMH ~ alllapaTaMHd  BHellHeH  QuKcaluu
nepesjioMa nNTOYHOM KocTH Tuna Sanders Il c noctpoeHueM
3D KOHEYHO-3JIEMEHTHBIX MOJeJiel BhIllle NMpPUBEJEHHbIX
¢dukcatopoB. MKI wucnosnbsoBajscs Aaa  pacyeTa
pacnpesieieHUs]  IHUKOBOI'O  HANpsDKEHHs,  IJIOIIAAU
KOHTAaKTa U CMelleHUs] KOHKPeTHOTo uMILIaHTa [14-18].

B npejcTaBieHHOM HCC/IeJOBAaHUU HCIO0Jb30BaHO
MK3 pgnsa omnpefesieHusi GUOMEXaHUKU PENO3ULUHU IpU
WHTpaoNepalMoOHHON  JIBYXBEKTOPHOM  JUCTpaKLuu
anmapaToM BHellHed ¢QUKcaluM  KOMIPECCUOHHOTO
nepeJsioMa nATOYHOHM KocTu Tuna Sanders 1V. B pesysbraTe
BUPTYa/bHOTO  MOJeJMPOBaHUsI HUHTpaolepallMOHHON
pemnosvLIMM MNepejoMa MNATOYHOM KOCTM Tuma Sanders
IV ycraHOBJIeHO, 4YTO IepeMellleHHe pPeNOHUPYIOLIEro
MOAyJIsl ammnapaTta MNPOUCXOAUT B Ipejesax 006JacTU
B BHJe Napa/esorpaMma M [03BOJISIET JOCTHUYb
Heo6X0AMMON BBICOTBI, IMIMPHUHBI W [AJUHBI NSITOYHOH
KOCTU C BoccTaHoBjeHHeM PJIY 6biBlIeil 0 TpaBMBbL.
Heo6xoanMas BeJiM4MHa NepeMelleHUs PelOHUPYIOLero
MOAyJIsl ollpefe/ieHHass A0 olepanuu noctpoeHueM PJIY
N03BOJIAET UHAUBUAYaJIU3UPOBATh PeNo3ulMy IepesoMa
KOHKPETHOTrO NalMeHTa.

BHyTpucycTaBHble IepesioMbl NATOYHOM KOCTHU
Tuna Sanders IV gBASAIOTCA OJHHUM HMX CaMbIX CJOXKHBIX
/sl JledeHUs1 TUNOB nepesioMoB [19-21]. [lpepbiayiiue
HCCIeloBaHus TOKa3alu, 4To JiedeHue Metogom ORIF
C peno3vLUeld TpexXMepHOTro cMellleHUss ¢parMeHTOoB
OATOYHOM KOCTM C TMOMOILbI 3aXHUMOB, WITHUPTA
llITefimana, BUHTa llaHna, nyTteM akcuaJbHOH TpaKLUU

BbiBOAbI

Hcnosb3oBaHue  [IBYXBEKTOPHOW  JUCTPaKLUHU
anmapaToM BHeIHed pUKcalluy MpH JIeYeHUH NepesoMa
naToYyHoM koctu Tuma Sanders IV 6uoMexaHWYeCKH
11eJ1eCO06pa3HO, TaK KaK y HALIUX MMallUEHTOB 00eCIednsIo
BOCCTaHOBJIEHHE BbICOTHI, UIMPUHBI, IJIAHBI u
B3aMMOOTHOLIEHHS C TApaHHOW KOCThIO.

KoHGIUMKT WHTepecoB. ABTOpBHI yTBEePXKJAIOT,
YTO HEeT HHUKAKOro KOHQJMKTAa UHTEPECOB B OTHOIIEHUH
MyG6IMKALUHM 3TOH PYKOMHCH.

duHaHCcUpOBaHMe. ABTOpbl He  HOJy4Yasud
$HHAHCOBOH NMOAJEPKKHU JJIs1 UCCIIe/JOBAaHUS], aBTOPCTBA U
ny6JUKaluy 3TON CTaThH.

JlutepaTtypa

no Westhues He oGecrneuynBaeT aZileKBAaTHOW PEMO3ULUU
MHOTOOCKOJIbYATO IMepesioMa MATOYHOM KOCTH THUIA
Sanders 1V [22-27]. Tax Lin ] at al. (2019) [20] nocne
penykuuu no Westhues mpu ORIF mnepenomoB Tuma
Sanders IV BenuunHa KOpPpEKIMH BBICOTHI COCTaBHUJIO
8,7 MM, mupuHbl 9,5 MM, AsauHbl 9 MM. Tantavisut T et
al. (2017) [28] pmocTuriy KOppeKUUH BbICOTBHI 7,3 MM,
wrpuHbel 9,9 MM, guuHbl 3,6 MM. CoryiacHO JaHHBIM
MpeAbIAYIINX UCCIeJ0BAHUN HauboJiee TPYAHO MOAAETCS
KOppeKIUH LHMpPHHA NATOYHOM KocTH. Arora C et al (2019)
[29] mpu peno3sunuu no Westhues mtupramu llteiimana
27 mepesoMOB NATOYHOM KocTu Tuma Sanders II-III-IV
paciiMpeHye MATOYHOH KocTu 6Gosiee 10 MM OTMeTHJIH
y 73,8% nauuenTtoB. Tomesen T et al. (2011) [30] npu
JUCTPaAKIHU BJOJb OCH TOJIEHU CTEPKHEBBIM alapaToM
BHelLIHeH QUKcalMy IMepesoMOB MATOYHOW KOCTH THIIA
Sanders II-11l y 37 manueHTOB cpe/iHee 3HaYeHHe IUPHUHbI
coctaBusio 40,8 MM U B laHHOM HcciefoBaHuu 34,1 Mmm. B
HACTOSIIEM UCC/IEJOBAaHUU AUANA30H KOPPEKIIUU BBICOTHI
coctaBuo 12,6 MM, uTo Ha 31% GoJsibllle MOKa3aTeJsel
npeAbIAyHIuX UCCIeJ0BaHUH, IIMPUHBI 17,8 MM, UTO BbIllIe
Ha 44,4%.

JlaHHOe WucCle/joBaHUE HMeEET OrpaHUYeHHe, a
MMEHHO He IMpeJCTaB/JeHbl 6GUOMEXaHWYeCKMH aHaIu3
BOCCTAHOBJIEHUS LIUPUHBI MSTOYHOH KOCTH, NPOBOJUTCS
JAJbHEHIINHA cOOp JaHHbIX. XOTS PEHTreHOJIOTHYEeCKH
YCTAHOBJIEHO, YTO BOCCTAHOBJIEHHWE BBICOTbl MNSATOYHOH
KOCTH NPUBEJIO K HOPMaJM3alUK WHPHUHBL. [03UTUBHOU
CTOPOHOU MCC/IeJOBAaHUS SIBJSETCS TO, YTO GUOMEXaHUKA
PENO3ULUKN TPEXMEPHOH CTPYKTYpPbl MNATOYHOH KOCTH
annapaToM BHelIHel GUKCALMH BbIIIOJHEHA BIIEPBbIE.

Bksaag aBtopoB: K.AM. - KoHuenTyasu3sanus,
HanucaHue, pegaktupoBaHue. K.A.M. - aBTOp mateHTa
Ha «YCTPOMCTBO /Jisi UHTpAONeEepalMOHHON peno3uliuu
BHYTPHCYCTaBHOTO KOMITPECCUOHHOTO nepeJsiomMa
nnATo4yHoW kKoctu» Ne037877 EBpa3uiickod MaTeHTHOH
opranusanuu (EAIIO); XTM. - HamucaHue, cGop u
a”asu3 aaHHbIx; JK.T.M. - coaBTop n3obpetenuss Ne037877
EAIIO, HaGop kynHUYeckoro Matepuasna. [LB.H. - c6op
W aHa/u3 JlJaHHbIX; MaTeMaTH4yecKoe MOo/eJIMpoBaHue
U OHUOMexXaHWYeCKHWW aHaJiu3 peNno3ullMd IepesoMa
MATOYHOWU KOCTH METO/I0OM KOHEeYHbIX 3jieMeHTOB. B.A.B. -
HalKUCaHUE U peJlaKTHPOBaHUE.
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Ty#hingeme
Sanders IV mapi3di ekwe cylie2iHiH KOMNPeccusiiblK CblHbIKMApPbiH eMdey - KUblH JHcy3eze acambvlH Hardall HaHe OHbl OHMat/ivl
0pPHA/ACMbIPY MEXHUKACL 0ay/bl Cypak 601bin Kaaa bepedi.

3epmmeydiy makcamel Sanders IV mapi3di KomnpeccusinblK CblHbIKMbI onepayusiblk emoey KeziHoe eKule CbIHbIFbIHbIH CblpMKbl
KOHuzypayusnapblH KaanblHa Keamipyde cblpmkbl GeKimy annapambiMeH ekKigekmop/ibl UHmMpaonepayusiivlk 0ucmpakyusiaapbiHbIH
OPHbIKMbIABIFbI MEH PEHM2EHO0102USI/1bIK MUiMOinieiH aHbikmay 60.10bL.

ddicmepi. Akbipabl 31emeHmmep adiciMeH YCbIHbIAFAH CbIpMKbl b6ekimy annapambulHbly dtcaHe Sanders IV mapi3di eKuweHiH
KOMNpeccusiNblK CbIHbIFbIHBbIH Mamemamukaaslk modeni asipaendi. COMPASS-3D (ARM FEM) Autodesk Inventor PRO, mezin CAD 0,20
6ardapamacviH KoA0aHyMeH annapammbvity kepHeyi-dedpopmayusiaanran scali-kyli 3epmmendi. Sanders IV mapi3di exwe cblHbIKMbl
UHmMpaonepayusiiblK OPHbIHA ca/ay NPoYeciH supmyandsl modeavdey sxiacandsl. PenmeenHoepammada Sanders IV mapi3di exwe cytieai
CbIHbIFbL OpbIH aaFaH 30 Haykacmoeld omara delliH 6uikmizi, eHi, Y3bIHObIFbI HAKMbL JHCaHe MUicmi AHbIKMAMAAbIK Cbl3blKkmapbl yxaHe A.H.
CoslomMuH sHcaHe 6acka da aemopaap (2017) yceinran monati cytliezi dcaHe ekule cyliekmepiHiH e3apa 6atiiaHbic Gypbluibl AHbIKMAaAobL. o
ocblHOAall peHM2eH0.102UsI/1bIK KepcemKiuimep omadaH KeliiH de aHblKmasobl.

Homuoicenepi. Sanders IV mapi3di exuwe cylieziHil CbIHYbIHbIH eKieKmop/ibl JUCmpakyusicbl apKblabl OPHbIHA €AY NPOYeciH
supmyandvl Modesbdey — HamudkeciHOe annapam ekwe cylie2iHiH Kajcemmi GuikmieiH Ka/anbiHa kKeamipydi Kammamacwid ememini
aHbIKMa10bl. Annapammul UHMPAonepayusi/ibiKk OpHbIHA Caly KesiHde eKue cylie2iHiH 6uikmiziH KaanbiHa KeamipydiH opmawa MaHi 46 MM,
eHi - 34,1 MM, Y3bIHObIFbL - 81,7 MM 6041001, 6y1 (p<0,001) onepayusiibik kepcemkiwmep de alimap/ibikmatl acein mycmi.

Kopuimuinodul. Sanders IV mapiz0i cbiHbiKmbl Xupypausiiblk emoeyde cblpmkbl 6eKinmy annapamolHblH eKieeKmop.ibl QUCMPAKYUSICbIH
K0/10aHYbl OGUOMEXAHUKALIK MYPFulOaH KO/AQUbl, 6Kwe cylegiHiy 6uikmiciH, eHiH, Y3bIHOLIFbIH JicaHe monal cylieei 6aliaHbICbIH
AHAMOMUSAbLIK KAANbIHA Keamipydi Kammamacel3 emeoi.

TyliiH ce3dep: ekwe cylieai - os calcis, Sanders IV mapi30i cblHbIK, 6KWwe cyliekmepiHiy mipek cbl3blkmapsl MeH 6ypbiwumapbl, Westhues
60UbIHWA OPHLIHA €AY, CbIpMKbL 6eKimy annapambvlMeH OPHbIHA €AY, COHFbl-31emeHmmik Mmodeab, Mesuc 6olibiHwa KepHeyi, 6epikmik
Koagppuyuenmi.
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Abstract

The treatment of Sanders IV type calcaneal compression fractures challenges and the optimal technique of reposition remains
controversial.

The aim of the study was to determine the advisability and radiological effectiveness of intraoperative two-vector distraction by an
external fixation device to restore the external configuration of the os calcis during surgical treatment of a Sanders IV type compression fracture.

Methods. A mathematical model of the proposed device for external fixation and compression fracture of os calcis of the Sanders 1V type
was developed by the finite element method. Using the COMPASS-3D (ARM FEM) Autodesk Inventor PRO, Free CAD 0.20, there was stress-strain
state of the device. Produced virtual simulation of the process of intraoperative reposition of a Sanders IV type os calcis fracture by the device.
The height, width, length, real and proper reference lines and the angle between the talus and calcaneus according to A.N. Solomin et al. (2017)
were determined on the radiographs of 30 patients with Sanders IV type calcaneal fracture before surgery. The same radiological parameters
were determined after sugery.

Results. As a result of virtual simulation of the reposition process by means of two-vector distraction of a Sanders IV type os calcis
fracture by the finite element method, it was found that the device provides restoration of the required os calcis height. During intraoperative
reposition by the apparatus, the average value of restoring the height of the calcaneus was 46 mm, width 34.1 mm, length 81.7 mm, which
significantly exceeded (p<0.001) pre-operational indicators.

Conclusion. The use of two-vector distraction by an external fixation device in the surgical treatment of a Sanders IV fracture is
biomechanically appropriate, provides anatomical restoration of height, width, length and the relationship of the os calcis with the talus.

Key words: os calcis, Sanders IV type fracture, reference lines and angles of os calcis, Westhues reposition, reposition by external fixation
device, finite element model, Mises stress, strength factor.
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Abstract

The high prevalence and functional significance of the joint determines the relevance of the treatment of osteoarthritis of the I
metatarsophalangeal joint (MTP]). Given the disabling nature of hallux rigidus, which significantly impairs mobility and quality of life, ongoing
research into its causes and treatment options remains critical.

The study aims to assess the operation's result at the III-IV degrees of arthrosis and determine its effectiveness in improving the
forefoot's functionality after arthrodesis on the I MTP].

Methods. Ninety-nine patients with arthrosis | MTP] were examined, which included 69 female and 30 male patients. All patients have
I1I-1V a degree of the deformation of the I-phalangeal joint and intense pain syndrome. The number of patients with the idiopathic form was 77
patients, 17 patients with concomitant rheumatoid arthritis and 1 patient with gout, 4 patients had post-traumatic deformities. An outcome
study was performed using clinical and radiological data. However, two VAS and AOFAS rating scales were used.

Results. A survey was conducted to measure pain and assess the condition of patients before and after surgery using the VAS and AOFAS
scales. The results showed that the pain rate among all 99 patients dropped from 8.7 to 0.5. Also, the AOFAS score improved from an average of
34 to 87. Most patients (77) rated the results as "excellent”, while 22 patients rated them as "good". Ratings "fair" or "poor" were not received.

Conclusion. Arthrodesis is an effective surgery for arthritis of the I MTPJ, but it's important to weigh the benefits against the potential
complications.

Keywords: Hallux rigidus, arthrodesis of the first metatarsophalangeal joint.
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Introduction

Hallux rigidus (HR) - is limited mobility in the
I metatarsophalangeal joint (MTP]) due to deforming
arthrosis. The high prevalence and functional significance
of the joint determines the relevance of the treatment
of osteoarthritis of the I MTP] [1-3]. Hallux rigidus is the
second most common disease I MTP] after hallux valgus. It
occurs in about 1-2% of the world's population [4-6]. Since
the publication of the first work about the hallux rigidus,
a have been conducted a sufficient number of studies have
been widely and in detail studied arthrosis of the | MTP] [7-
11]. Despite this, the etiology of the disease in most cases
is idiopathic, but many variants are also assumed, starting
with excessive metatarsal length and ending with a genetic
predisposition.

Given the disabling nature of hallux rigidus,
which significantly impairs mobility and quality of life,
ongoing research into its causes and treatment options
remains critical. While arthrodesis is often considered the
"gold standard" for advanced stages, joint replacement
(endoprosthesis) of the I MTP] presents a viable alternative
for preserving joint function.

However, the long-term success of joint replacement
varies based on factors such as prosthetic design and surgical
technique. As the prevalence of osteoarthritic conditions
rises globally, further studies comparing the outcomes of
arthrodesis and joint replacement are essential to optimize
surgical protocols and improve patient outcomes.

If conservative treatment is ineffective, a surgical
method of removing the pathology is resorted to.

Materials and methods

All 99 patients were operated on at the National
Scientific Center Traumatology and Orthopedic named
after Academician N.D. Batpenov, from 2018 to 2023 was
operated on with the diagnosis «Arthrosis I MTP]», of which
30 were male and 69 female. The age ranged from 18 to 76
(average age 55.24+11.52). Stages of arthrosis I MTP] range
from III to IV. All patients were operated because of severe
pain. The preoperative diagnoses included 77 idiopathic
arthroses and four post-traumatic arthroses. In addition,
there were 17 patients with concomitant rheumatoid
arthritis and 1 patient had concomitant gout. The inclusion
criteria for the study were the presence of persistent pain
syndrome clinical and (or) radiological manifestations of
arthrosis of the I MTP]. The criteria for exclusion were:
under 18 years of age, iatrogenic arthrosis, repeated
operations after unsuccessful primary interventions, and
arthropathy in various systemic inflammatory diseases. The

Collier M. was the first who describe the
arthrodesis of the I MTP] in 1894 using an ivory pin for
internal fixation and reported satisfactory results [5]. Since
then, various surgical methods for correcting HR have
been published: cheilectomy, Keller resection arthroplasty,
arthrodesis, metatarsal osteotomy and joint replacement
[9-13].

The method of surgical treatment is determined by
the degree of joint osteoarthritis, with arthrodesis of the
metatarsophalangeal joint considered the "gold standard"
for treating stage III-IV osteoarthritis. In this study, the
Coughlin and Shurnas classification was used to guide
surgical decision-making. According to this classification,
cheilectomy is recommended for stages I-1II osteoarthritis,
while arthrodesis is indicated for stages III-IV. The primary
disagreement concerns stage III: if more than 50% of
degenerative cartilage damage is detected, arthrodesis is
preferred; otherwise, cheilectomy is performed [12-15].

This article evaluates the outcomes of surgical
treatment in which arthrodesis was the primary method
and analyzes the relationship between different fixation
techniques. In this study, joint fixation was performed with
double Herbert compression screws and dorsal plates.

The study aims to assess the operation's result
at the III-IV degrees of arthrosis and determine its
effectiveness in improving the forefoot's functionality after
arthrodesis on the I MTP].

degree of deformation was assessed by X-ray before and
after the surgery by determining the main reference lines
and angles followed by the construction of the skiagram.

Two scales were used to assess performance and
outcomes: The Visual Analog Scale (VAS) and The American
Orthopedic Foot and Ankle Society (AOFAS).

The VASwasused to assess the patient’s health before
and after surgery. Each patient was asked to subjectively
rate the pain on a scale of 100, where 0 indicates no pain,
and 100 represents the presence of severe pain.

The AOFAS has a maximum rating of 100 [16]. Of
these, 40 points are awarded for pain assessment, 45 points
for functionality, and 15 points for equalization. In this
study, the AOFAS scale remained unchanged, even though
the maximum score for arthrodesis I MTP] was 90, as
movement in the metatarsal joint was only 10.

Figure 1 - A) X-ray image before arthrodesis. B) Arthrodesis | MTP] with Herbert screws

Operating techniques. The mean time for surgery
was 40 minutes. The operation consists of a mini-access

intervention under the harness, in which a medial cut was
made in the I MTP] projection. The second step was the
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isolation of the metatarsal head and the base of the proximal
phalanx, followed by removal/resection of the articular
surfaces and cheilectomy with bone modeling using a
saw. Fixation of the joint is performed with a plate or two
intercrossing Herbert compression screws.

When the plate is fixed, the joint bed is formed and
further due to the reposition of bone fractures at an angle
of 15 degrees, osteosynthesis is carried out. The same
procedure is there when fixing with Herbert screws.

Early activation of patients was performed on the
1st day after surgery with the help of additional means
of external support (walkers, crutches, baruki) without
supporting the load on the forefoot. After the first day, the
radiological images and range of motion were assessed by
routine examination, and the postoperative sutures were
evaluated (consistency, presence of infection). Preliminary

Results

This study included an analysis results 99 patients
of the long-term results (from 1 to 6 years) of surgical
treatment of arthrosis I MTP]. There were made 99
operations, of which 94 (94.9%) operations were successful,
and 5 (5.1%) patients with a complication (Table 1). Two
scales were used to evaluate the results of surgical treatment.

Two scales VAS and AOFAS surveys were conducted
with the 99 patients before and after surgery.

The results on the AOFAS scale were distributed as
follows: the numbers of “excellent” results were 77% (77
patients), good results - 22% (22 patients), “satisfactory”
and “unsatisfactory” results were not obtained. The mean
pain level improved from 34 points preoperatively to 87
points. When evaluating the AOFAS indicator depending
on the "Fixation method" indicator, it was possible to
identify statistically significant differences (p<0.05). The
median score on the AOFAS scale before surgery was

and long-term results were evaluated using clinical and
radiological methods 2 months after discharge.

Statistical analysis. The data analysis was
performed using the SPSS program, version 21.0 (IBM
Corp., Armonk, NY). The Wilcoxon method was used
to compare the results of the fixation method between
groups. The proportions were compared using a CHI-
squared test. Quantitative indicators were evaluated for
compliance with the normal distribution using the Shapiro-
Wilk criterion. Qualitative features were described in
frequencies (percentages), arithmetic averages (M), and
standard deviations (SD) were used for indicators with
a normal distribution, and medians (Me) and lower and
upper quartiles (Q1-Q3) were used for indicators with
an abnormal distribution, and p<0.05 was considered
statistically significant.

33 (interquartile range from 26 to 40), after surgery, it
decreased to 1 (interquartile range from 1 to 1), which is
statistically significant (p<0.05).

The mean VAS scale pain level improved from 8.7 to
0.5 points. Based on the obtained data, when evaluating the
VAS indicator depending on the "Fixation method" indicator,
we found statistically significant differences (p<0.05). In our
study, the median of the pain syndrome before surgery was 7
points (interquartile range from 6 to 9 points), after surgery,
the median of the pain syndrome decreased to 1 point
(from 0 to 0 points) according to VAS, which is statistically
significant (Table 2).

Statistically significant differences x°=0.08, p<0.05
were found in the analysis of the conjugacy between
complications and the material of use using the CHI-squared
test.

Table 1 - Description of the indicators of the values

Idiopathic (1)

Variables Descriptive characteristic
Age 55,24+11,52

Gender

Male (0) 30 (30,3%)
Female (1) 69 (69,7%)

VAS 1 7(6-9)

AOFAS 1 33 (26-40)
Etiology:

77 (77,8%)

Herberts screw

Rheum. arthritis, gout (2) 18 (8,2%)
Posttraumatic(3) 4 (4,0%)
Complications:
No (0) 94 (94,9%)
Yes (1) 5 (5,1%)
The fixation method :
Plates 42 (42,4%)

57 (57,6%)

*Qualitative features were described in frequencies (percentages), arithmetic averages (M), and standard deviations (SD) were used
for indicators with a normal distribution, and medians (Me) and lower and upper quartiles (Q1-Q3) were used for indicators with an abnormal

distribution

In our study were used two fixation methods:
a plate (42.4%) and two Herbert compression screws
(57.6%). During the period from 2018 to 2023, there were
5 patients with complications with a "failed arthrodesis"”
diagnosis, who repeatedly complained of increased pain. In
all 5 cases were used the plate. Three of the five complications
were associated with idiopathic arthrosis of the  MTPJ, while
the other two cases had a related diagnosis. The first case
is associated with post-traumatic arthrosis, and the second

case is associated with rheumatoid arthritis. The next tactic
was to remove the plate and choose a suitable method to
eliminate complications. In the first case, arthrodesis of
the I MTP] was performed using bone autoplasty, and in
other cases were made decortication and tunneling, as well
as removal of fibrous tissue and fixation with two Herbert
compression screws.



Traumatology and Orthopaedics of Kazakhstan, Volume 3. Number 74 (2024)

Table 2 - Comparative analysis of the results of VAS and AOFAS

No Scale Before, n= After,n = P Mean
1 AOFAS 33(26-40) 1(1-1) <0,05
2 VAS 7(6-9) 0 <0,05

Discussion

The  results of this study confirm the high
effectiveness of arthrodesis in the treatment of I MTP]
osteoarthritis. According to the AOFAS scale used in this
study, the mean score increased from 34 to 87, and the
median decreased from 33 to 1 after surgery, indicating
significant improvement in patients' functional status.
Similar results were demonstrated in the study by Ho et
al. where significant improvement in functional outcomes
after I MTP] arthrodesis was also observed [17]. According
to the VAS scale, the mean pain level decreased from 8.7
to 0.5 points, and the median pain score decreased from
7 to 1 point, indicating successful relief of pain syndrome
following the surgical intervention.

Conclusions

In conclusion, arthrodesis has proven to be an
effective surgical method for the treatment of osteoarthritis
of the I MTPJ, as demonstrated by the high success rate
94 out of 99 surgeries (94.9%) in the conducted study.
This procedure effectively eliminates pain and restores
foot functionality, significantly improving the quality of
life for patients. However, it is crucial to carefully consider
individual patient characteristics and potential post-
surgical complications before proceeding with arthrodesis.

The study also highlighted a notable difference in
outcomes based on the fixation method used. Two fixation
methods were used in the study: plates (42.4%) and two
Herbert compression screws (57.6%). All complications
were associated with the use of plates, which suggests
a potential correlation between the choice of fixation
method and the likelihood of complications. This finding
underscores the importance of selecting the appropriate
fixation technique to minimize risks.
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Hallux rigidus emaeyaeri I Ta6aH cyiieri-6akaiIbIK, 6ybIHBIHBIH apTPOAe3i
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Tyiingeme

Tapanaywl scuiniei meH @yHKYUOHANObIK MAHbI30bLIbLIFLL | mabaH cyliezi-6akatiwblk 6ybiHbl (TCEB) ocmeoapmpumin emdeyoiy
e3eKkmisiziH aHbikmatiosbl. Haykacmoiy K03FabICblH wWekmey apKblabl eMip candcelH aiimapasikmail Hawapaamamui hallux rigidus-moiy
MyzedeKmiK cunamulH eckepe 0mblpbin, OHbIH cebenmepi MeH emdey adicmepiH y30ikci3 3epmmey MaHbI30bl 601biN Kaaa 6epeoi.

3epmmeydiy makcamul: Apmpo3sduiy 111-1V dapesicecindeei emdey Hamuosicecin 6araaay scave | TCBE apmpodesiHeH kelliH mabaHHbIH
a10bIHFbl 66.112iHIH PYHKYUOHA/I0bI MYPFbICLIHAH JHcaKcapy muimoinieiH aHbikmay.

ddicmepi. bya rolnvimu makaaada I TCEE  apmpo3el 6ap 99 naykac 3epmmendi, oHblH iwinde 69 aliea scane 30 ep adam 6040bL.
Bapavik naykacmapoa 1I-1V dapesicedezi memamapcogananauansovl GyblH apmpo3sbl JHaHE KAPKbIHObI AyblPCbIHY CUHOPOMbL 6010bL.
Houonamusibik HbicaHbl 6ap Haykacmapdsly caMel - 77 adam, coHdali-ax eKiHwiaikmi peemamoudmol apmpumi 6ap 17 Haykac icaHe
nodazpacwt 6ap 1 Haykacmul Kypadsl, aa 4 Haykac jcapakamman ketiiHei scardaiida 6040bl. Homuoicenepdi 3epmmey KAUHUKAAbBIK HCIHE
penmeeHozpadusiavik depekmepoi Koa10aHy apKblabl dicypeizinii. Convimen kamap, BAILL sicane AOFAS pelimunemik eki wkaaacs! K010aHbLA0bL

Hamuoceci. BAL xcaHe AOFAS wkasnaaapblH Ko10aHa omblpbln, omara deliiHei yicaHe odaH KelliHei ayblpcbiHy deHeelliH esuwey
JHcaHe Haykacmapdbly xcardaliblH 6aranay ywiH cayaaHama sxcypeisindi. Homuoenep 6apavik 99 Haykacmarsl ayblpcbiHy deHeelil opmawa
ecenneH 8,7-den 0,5 6aaara dellin memeHdezeHiH kepcemmi. Condati-ak, AOFAS wkaaacwl 6otibiHwa 6aan 34-men 87-2e deliiH xHcakcapdbi.
Kamoicywwlnapouty kenwiniei (77 adam) Homudicenepdi "kepemem” den 6aranadvi, an 22 Haykac HomudiceHi "dcakcul” den 6aranadsl.
"KaHarammaHapaelK" HcaHe "KaHarammaHapablKcol3" 6aranayaap aHblKmMasaraH Hox..

KopbimuiHdsl. Apmpodes - 6ipinwi TCBB emdeydiy muimoi adici, 6ipak o0HblH apmblKWbLAbIKMAPbIMEH 6Ip2e ACKblHY bIKMUMAA0bIFbIH
KapacmulpFaH HeH.

Tytiin ce3dep: Hallux rigidus, | ma6aH cyliezi-6akatiublK 6YbIHbIHbIH APMPOOE3L.

Aptpoges I nniocHedasiaHroBoro cycrasa B iedyeHny Hallux rigidus
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Pe3ome

Bvicokass pacnpocmpaHeHHocmbs U (PYHKYUOHA/NLHAS ~ 3HAYUMOCMb — Cycmasa o06yC/A08/USANM AKMYAAbHOCMb JeYeHUs
ocmeoapmposa | naiocHepananzoeozo cycmasa (I1PC). Yuumvieas uHeanrudusupyrowuill  xapakmep hallux rigidus, cywecmeeHHO
yxydwarowuill N00BUNICHOCMb U KAYecmeo XHCU3HU, Npodoaxcarwjuecsi uccaedoeaHuss e20 NPuvuH U 6apUAHMOS JedyeHUus ocmarnmcs
KpUmu4ecku 8ajcHbIMU.

Lleab uccnedosaHus: oyenka pesyabmama snevenus: npu I1I-1IV cmenensix apmposa u onpedesenue e2o apdekmusHocmu 6 naaxe
yayvuweHust pyHKYyuoHarbHocmu nepedHezo omdesia cmonbl nocae apmpodesa Ha I [TIPC.

Memodbl. B daHHoll HayyHoli cmambe 6blau uccaedosawsl 99 nayueHmos ¢ apmpo3om I [IPC, us Hux 69 nayueHmMos HeHcko20 noaa
u 30 nayuenmos mydxicckozo noaa. Y ecex nayuenmos I11-1V cmenens apmposa I nawocHedananzo8020 cycmasa u UHMeHCUBHbLI 60.1e801
CUHOPOM.
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Koauuecmeo nayuenmos ¢ uduonamuueckoti popmoll cocmasuso - 77 nayueHmos, mak xce 17 nayueHmos ¢ conymcmayrouum
peemamoudHbiM apmpumom u 1 nayueum c nodazpoli, 4 nayuenma umeau nocmmpagmamuyeckuii xapakmep degpopmayuti. H3yueHue
pe3ynbmamos 6bl10 8bINOJAHEHO C UCNOIb308AHUEM KJAUHUYECKUX U PeHM2eHO0102u4ecKux daHHbIX. Bmecme ¢ mem, 6bLaU UCn0/16308aHbI
pelimuHzosble dge wkaavl BAI u AOFAS.

Pesynemamel. IIposeden onpoc 04151 usmepeHusl yposHs 601U U OYeHKU COCMOSHUS NayueHmos do u nocsae onepayuu, Ucnoab3ys
wkasy BALLl u AOFAS. Pesynbmamul noka3aau, ¥mo ypogeHsb 60u CHU3Ucst cpedu ecex 99 nayuenmos @ cpedrem c 8.7 do 0.5 6aana. Takarce,
oyeHka no wikasne AOFAS yayuwuaacs ¢ 34 do 87 6an108. BoavwuHcmaeo nayueHmos (77 ye/08eK) oyeHuUAU pe3yabmamul KaK «0OMAUu4HbIe,
8 Mo 8peMs Kak 22 nayueHmos oyeHuU UX Kak «xopowue». Hukakue oyeHku «ydoe/s1emeopumensHo» U «Heyd081emeopumesbHoy, He 6bLau
no/ay4eHsl.

Buigodul. Apmpodes sigasiemcst s hekmusHblM MemModoM eveHus: apmpo3a nepeozo NAKCHeda1aH208020 Cycmasd, 00HAKO 8AICHO
838ecumb e20 npeuMywecmea Npomue NOMeHYUAAbHbIX 0C/A0NHCHEHUTL.

Kaiouesvle cnosa: Hallux rigidus, apmpodes I narocHedanranzosoz2o cycmasa.
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Pe3ome

Yuumuieas 6vicmpble memnbl passumusi MexXHU4eCKO20 npozpecca oxcudaemcsi pocm 20ChuMaau3ayuu nayueHmos no nosody
mepmuyeckoll mpasmbl. YayvuleHue pe3yanbmamos JedeHusl NayueHmos ¢ deoekmamu KOxcHO20 NOKp0o8d Npu mpasmax makyice mpeoyem
U3y4eHusl.

Ljenv uccnedosanus: oyeHums 3ggpexkmusHocmb nepuonepayuoHHO20 aA20puUMMA 3awWumsl MPAHCNAAHMAMA KOXcU noc/e
pacuensieHHoll aymooepMoOnAacmuKku 2paHyJAupylowux paH nymem UHMpAonepayuoHHO20 NPUMEHeHUs! NOJAUNPONU/IEeH080U Cemku u
waosuezo nocs1eonepayuoHHo20 8edeHUs PaHbl.

MemodbL. B HepaHdomusuposaHHOe KOHMpo/Upyemoe KAUHUYEeCKoe uccaedosaHue 6Obviau eKkaoveHbl 100 nayueHmos
epaHyaupyowumu paHamu. bosbHble 6blau pacnpedesieHsvl HA 08e 2pynnbl: OCHOBHASA 2pynna - 50 nayueHmos, Ko2da npuMeHUAU an120pumm
nepuonepayuoHHOl 3awumsl MPAHCNAAHMAma Koxcu nocae c800600HOU pacwensieHHOU aymooepMOnAacmuKku 2paHyAupyrowux paH
u epynna cpasHerusi - 50 nayueHmos, npo/seyeHHbIX MPAJUYUOHHbIM CNOCO6OM C UCNOb308AHUEM MAD/IEBbIX CAAPemoK, CMOYEHHbIX
pacmeopom aHmucenmuka.

Pesynbmambl. B ocHogHoOl zpynne nayueHmos & 96% cayvyaes uUMes0 MeCMO NOJHOE NPUNCUBJAEHUE NepecadceHHO20
KOJXCH020 JI0CKyma, moz2ia Kak 8 2pynne CpasHeHus npuicuseHue ommevanocsb y 76% nayuenmos (x2=6,728; p=0,01). IIpusxcueseHue
aymooepmMompaHcna1aHmamog OmHOCUMeAbHO 0m NepeoHa4a/bHol Naowadu nepecasceHHo20 KOXMCHO20 J0CKYmd 8 OCHOBHOU epynne
6041bHbIX cocmaguaa 96,06+0,2% no cpasHeHuto ¢ epynnoli cpasHerus 77,34%+0,33 (t=48,51; p<0,05).

Buigooul. [IpedaosceHHblll ar2opumm 3auyumsl mpaHcniaHmama Koxjcu nocjae c8o600HoU pacujensieHHoll aymodepmonaacmuku
2paHyAupylowux paH nymem UHmMpaonepayuoHHo20 NpUMeHeHUsl N0AUNPONU/AeH080l cemkKUu U wadsiuje2o noc.1eonepayuoHHo20 edeHust
paHbl sea5iemcsi aekmusHoll mexHoi02uell yayHwWeHUs pe3y/ibmamos Je4eHus.

Katouesble cno8a: aymodepmonaacmuka, 2paHyaupyowjue paxsl, mepmuveckue mpasgmbl.

Corresponding author: Nursultan Andasbekov, Doctoral student PhD, Semey Medical University, Semey, Kazakhstan.
Postal code: SO3B5H1

Address: Kazakhstan, Pavlodar, Academician Chokin st. 164/3

Phone: +77014253504

E-mail: nandasbekov@mail.ru

J Trauma Ortho Kaz 2024; 3(74): 32-37

Recieved: 28-05-2024
Accepted: 11-07-2024

This work is licensed under a Creative Commons Attribution 4.0 International License



https://doi.org/10.52889/1684-9280-2023-3-74-32-37
https://orcid.org/0000-0002-8236-6246
http://orcid.org/0000-0002-9958-3001
https://orcid.org/0000-0001-7289-3272
http://orcid.org/0000-0002-7537-2808
http://orcid.org/0000-0003-1513-7432

https://orcid.org/0009-0006-1674-8373
https://orcid.org/0009-0009-5695-7518

Traumatology and Orthopaedics of Kazakhstan, Volume 3. Number 74 (2024)

BBeaeHue

JleueHne GOJBHBIX C OOGIIMPHBIMU THOHWHBIMHU
paHaMu U fedeKTaMHu MATKUX TKaHel, 06pa30BaBIIUMHUCS
nocje TpaBMaTUYECKUX, TEPMUYECKUX TOBPEXJEHUH U
XUPYPruvdeckoil o6paboTKU o4aroB MHPeKLUH, 3aHUMAET
Ba)KHOE MeCTO B THOMHOM XMPYpruH, pacnpocTpaHeHue
KOTOpBIX He HMeeT TeHJEHILHUI0 K yMeHblleHHIo [1].
B CIIA 2,5 MsH. GOJBHBIX CTPAJAOT XPOHUYECKUMH
XUpYpru4ecKUMM paHaMH, a B 3anagHod EBpomne oHHu
BcTpeyvatoTcsl y 1-4% Hacesenus [2,3].

OAHUM M3 BUJIOB THOMHBIX paH SBJSIOTCSA
OXKOTOBble  paHbl.  YYUTbIBasgs  OBICTpble  TEeMIIbI
pa3BUTHSI TEXHUYECKOTo Iporpecca OXHAAETCS POCT
rOCOUTaJU3aLUM NalUMeHTOB 10 IMOBOAY TepMHUYeCKOH
TpaBMbl. /laHHbIE OTZE/JbHBIX aBTOPOB CBU/ETEIbCTBYIOT
o ToM, 4yTo B CIIA 0KoJIO 2 MJIH. YeJIOBEK exXerojHo
MOJIY4YaloT 0XKOI'OBYI0 TpaBMy, a U3 Hux 20% HaxoAsTCcs Ha
JIeYeHUHU B CIellMaJU3UPOBAHHBIX CTalMOHapax [4]. A B
Poccuu exxerogHo peructpupyetcss400-500 Thicsu ciyyaeB
nau 220,6+6,5 oxkoroB Ha 100 ThIC. YeJIOBEK HaceJeHUS
CTpaHbl. ITU TPAaBMbI cOCTAaBUJIU 2,4% OT CTPYKTYpPbI BCEX
TpaBM B Poccuu, 4To sIBIseTCS NPUYMHOM yBesJHYeHUs
HWHTepeca HccaefioBaTesNed Kk npob6seme [5]. YayuiieHue
pe3y/bTaTOB JieueHUs NalUeHTOB ¢ JedeKTaMH KOXKHOTO
MMOKPOBA MPU TPaBMaxX TaKXKe TpeOyeT u3ydeHus [6].

HekoTopast 4acTh NalMEeHTOB C IPaHYJIHUPYOIUMHU
paHaMM HY»K/JJal0TCsl B XUPYPrUY€eCKOM 3aKpbITUH paHEBOH

MaTepua ¥ MeTOo/ bl

B HepaH/JOMH3UWpPOBAaHHOE  KOHTPOJIMpyeMoOe
KJIUHUYECKOe HccieJoBaHe nocJie MOJTy4eHUsI
MHPOPMHUPOBAHHOTO COIJIacusi ObLIM BKJIOYeHbl 100
NalMeHTOB TPaHYJUPYIOUIMMH paHaM{d B BO3pacTe OT
18 go 70 net. Cpeanuit Bospact coctaBua 41,03+1,14
JeT. MyxuuH 6bl10 62%, KeHUMH - 38%. BosbHble
ObLIM pacrpefiesieHbl Ha JABe rpynnbl: 1-, ocHOBHas
rpynmna - 50 manueHTOB, KOrZla MPUMEHWJH aJrOPUTM
NEepUONePAllMOHHON  3allUThl  TPAHCIJIAHTAaTa  KOXH
nocje CBOOOAHOM paclielIeHHOW ayToAepMOIJIaCTUKH
TPaHy/JUPYIOIMX paH, 2-g9 rpynna (rpynmna cpaBHEHHs) -
50 manueHTOB, POJIeYeHHBIX TPAAUIMOHHBIM CIOCOGOM
C WCIOJb30BaHHEM MapJieBbIX CaldeTOoK, CMOYEeHHBIX
pacTBOpPOM aHTHCENTHKA.

YcoBeplieHCTBOBAHHbIH aJITOPUTM
NEepUONEePAlMOHHON  3alUThl TPaHCIUIAHTaTa  KOXH
nocjie CBOOOAHOM paciielieHHOW ayToAepMOIJIaCTUKH

TpaHy/JIUPYHOLIIKUX paH cocTodAa B MMO3TallHOM
HWHTPAOIIEpAlMOHHOM IIOKPBITHUM TpPaHCIJIAaHTAaTa Ha
peuunrueHT-y4acTke KapkKacom HO]IHHpOHHJIeHOBOﬁ

CeTKM W IMagduero I1mocjeonepangvuoHHOro BeJeHHA

NMOBEPXHOCTH, B TOM YHCJEe CBOOOJHOWU pacllenyieHHON
ayTo/lepMOIJIacTUKON.  OCHOBHBIM  yCJIOBUEM  JJisd
NnpoBeIeHUA ayTOAEePMOIVIACTUKH ABJIAETCA pPa3BUTHE
3/I0POBOH T'paHyJIAIMOHHON TKaHU. OHa 06pa30BbIBAKOTCS
BHE€ 3aBHUCHUMOCTH OT Me€XaHH3Ma pPaHbl, TAK KaK ABJIAETCA
naToQU3UOJOTUIECKUM MpPOLECCOM He 3aBHCHUMO OT
3THOJIOTMU paHbl. HecMOTps Ha TeXHUYECKyl0 NPOCTOTY,
pe3y/abTaThl NPUMEHEHUs CBOGOJHOM pacllenyieHHON
ayTOoZepMOIIJIACTUKH JJaJIEKH OT YL0BJIEeTBOPUTEIbHBIX [7].
[J1aBHBIMU Tpo6JieMaMU B paHHEM IOC/Ie0NepaliiOHHOM
Nepro/ie 1Mocje ayToAepMOILIAaCTUKY SBJISIIOTCA pa3BUTHE
WHQEKIMOHHBIX OCJIOKHEHUHW C HarHOeHHeM paHbl,
OTTOpPKEHHE U JIN3UC ayTOAePMOTPaHCIIJIaHTaTa. B iesiom,
NMPMKUBJIEHNE KOXXHOrO TpAHCIJIAaHTAaTa COCTaBJIsSEeT
50-70% caydaeB, 4YTO MpejnoJaraeT HeoO6X0JUMOCThb
BBIIIOJIHEHUA HOBTOpHOﬁ ornepanyuu U yaJruHEeHHe CPOKOB
JieyeHUs 60JIbHBIX [8].

Lesnb uccaefoBaHUs - OLEHUTb 3)PEKTUBHOCTH
NEepPUONEPALMOHHOr0 aJITOPUTMA 3alMThI TPAHCIIAHTATA
KOXXM  I0CJe  pacllelJIEeHHOW  ayToJepMOIIaCTHKH
PaHYJUPYIOLIMX paH [yTeM HHTPAOIepPalHOHHOI0
NpPUMEHEHUs TOJIMIPONUJIEHOBOH CETKH W LIAJSIIErO
[0CJIEONEPALMOHHOI0 Be/IeHHs] PaHBbl.

panbl (Ta6numa 1). /Jlag 4Yero, KOXHBIM JIOCKYT C
TosmUHON 0,3 MM 3abupasii 3JEeKTPOAEPMaTOMOM H
neppOpUpPOBAaHHBIA  TPAHCIVIAHTAT yKJAJblBaIM  Ha
MMOBEPXHOCTh TPaHy IMpyloliel pansl (1-1 aTam). 3aTeM HaJ,
TPAHCIVIAHTAaTOM IOMEINAJH JI03UPOBAHHO PAaCTAHYTYIO
6€e3y3/I0ByI0 KDPYIHO SYEHUCTYI0 CeTKy M3 IOJIMITH/IeHa
¢ duxcanuell ee y3JOBBIMM LIBaMH IO INEPUMETPY K
370pOBOY KOXXe BOKPYT paHbl Ha 7 gHed (2-# aram) [9].
[lepBylo mnepeBsA3Ky NPOBOJUJIM Ha TPETHUH JleHb NyTeM
3aMeHbl MapJIeBOTO CJI0Sl TOBA3KHM C OCTaBJIeHHEM Ha
MOBEPXHOCTH ayTOTPaHCIJIAHTATa IOJUIPOIUIEHOBON
ceTku (3-# atan). CeaHc MOJIAPU30BAaHHOHN CBETOTEpANNU
(TICT). Ha cenbmol penb (4-# sTam) 6bLIa CHATA
MOJIMIIPONUJIEHOBAas CeTKa C MpOBefleHMeM CeaHca
MOJIAPU30BAaHHONW  CBETOTEpAalMM CO  CMa3bIBAaHHUEM
MOBEPXHOCTH paHbl SAWYHBIM MaCJIOM U OTKPBITBIM
BeJleHHeM paHbl B JajbHelmeM. B mociaepyromem (5-i
9Tan) JiedeHHe NPO/0/KaI0Ch OTKPBITBIM 6eCIIOBA304YHBIM
BeJleHHEeM paHbl /10 TIOJTHOH 3MUTEeTU3alUH C eXKeJHEBHBIM
IIpPOBeJIeHHEeM CeaHca MOJIAPU30BAaHHOM CBETOTepamnuH C
MOC/IelyI0MMM CMa3blBaHHEM SHYHBIM Mac/JOM paHeBOH
MOBEPXHOCTH C ayTOTpaHcmaaHTaToMm [10].

Ta6auya 1 - Anrzopumm 3awumel mpaHCcnAaHMama Koxcu noc/ie aymooepmonaacmuku epaHyAupyouux paH

Oran MeponpusTus
MHTpaonepanoHHBIA Teprost
1-i ayTO/IePMOILTIACTIKA CBOGOIHBIM PACIIEIIJIEHHBIM CII0CO00M

TIOKPBITHE TI0BEPX ayTOAepPMOTPAHCILIAHTATA IIOJIMIIPOIIUIIEHOH CeTKOM B pesKrMe JO3UPOBAHHOI0 PACTAMKEHNA OTHOCUTEIEHO
2-it IIOBEPXHOCTH paH ¢ UKcalHeil ee K 3J0POBOI KOKe 110 IIePUMETPY PaHEL;
- MapJieBas nossizka (JeueGHas u QUKCHpPyOIIAS)

IToceorreparinoHHEBIN TEpUOT

TIepBas MepeBsI3Ka Ha 5 ¥ JeHb CO CHATUEM BEPXHEr0 MapJieBOTO J1€4e0HOT0 CJIOS TIOBSI3KU U TIPOBEJIEHUEM CeaHca IMOJITPU30BAHHON

3-it
CcBeToTepanun
st CHSTHE BCEX CJIOEB IOBA3KY Ha 7-I JeHb, BKJIIOUAS IIPOIIUIIEHOBOM CETKH, IIPOBEIEHUEM CeaHca OIS PU30BAHHOI CBETOTEPAIIHH CO
CcMa3bIBAHUEM II0OBEPXHOCTH PAHBI SIMYHBIM KUPOM U OTKPBITHIM BeJ€HUEeM PAHBI B JajIbHeNIeM
5-i1 TIPOIOJIKEHNE BeeHUsT PAHBL OTKPBITHIM CIIOCOOOM JI0 TIOJTHOM SIIUTEIN3AIINN

33
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B rpymnmne CpaBHEHHUA IEPBYH0 INEepeBA3KYy Iocae
AyTOAEPMOIIJIACTUKU  BBINOJIHAJIM  HaA Ce,C[bMOﬁ JAEHb.
[laaneﬁLuee JiedeHrue IMpPOBOAHJIOChH C IIPpUMEHEHHEM
Ma3eBbIX IIOBA30K 40 MOJIHOM SMNUTEJIN3alUU PaH.

Js OILIEHKH pe3yJbTaToB Je4eHus
IPUMEHSJIM KPUTEPUH MPWXKUBJIEHUS IepecakeHHbIX
ayTojiepMoTpaHciianTatoB no K.B. JlunaToBy C COaBT.
(2012) [11].

Cpefu  mayWeHTOB  oxoroBble  paHbl 1116
CTelneHU uMeso MecTo y 45%, paHbl TpaBMaTHYeCKOIo
npoucxoxgenusa 18% u ormopoxenusa III crenenu y
12%. Xupyprrudyeckde 3a6o0JieBaHHUS C BO3HUKHOBEHUEM
THOMHBIX paH cocTaBasaau 25% mocse jieyeHUss GpierMoH
- 10 (40%) caydaes, ab6cueccoB - 6 (24%), HarHOeHUs
nocJjeonepanoHHbIX paH - 9 (36%) ciaydyaeB. [JHO paH
OBLJIO TMPEACTABJEHO MBIIILAMHA U TMOAKOXHO-)KHUPOBOU

Pe3ysibTaThl

M3 50 rmanueHTOB  OCHOBHOM  TIpymmel  C
IPaHy/JIUPYIOUUMU paHaMu y 48 (96%) nanueHTOB UMeJsIo
MeCTO IOJIHOE TNpPHKUBJIEHHE IepecaKeHHOro KOXKHOTO
JIOCKyTa Ha PpEeLUNHEHT-y4yacTKe, TOTAA KaK B TIpyIe
cpaBHeHMs u3 50 ayToJepMOIIACTUKH IPHKUBJIEHHE
JocTurHyTto y 38 (76%) nauneHToB (x*=6,728; p=0,01).

JlosisT TpPWXKUBJIEHUS ayTOAEPMOTPAHCIJIAHTATOB
OT/IMYaJach B 3aBUCHUMOCTH OT NMPUYUH BO3HUKHOBEHHS
rpanynupyomux pad (Ta6bauma 2). B 1-B (ocHOBHOH)

TKaHbI0. B 41% cydaeB paHbl JIOKAJHW30BaJHCh B HUDKHUX
KOHEYHOCTSX, B 25% - BepxHell KoHe4HOCTH U B 34% Ha
TYJIOBHILE.

ConyTcTBylole 3a00JieBaHUsI UMeJUCh y 37
(37%) nanuenToB. [lo pacnpezie/leHUI0 COMYTCTBYIOIIUE
MaToJIOTUHU B HCCIEAYyEeMbIX TIpyNIax MMAHWEeHTOB ObLIN
conocraBuMbl (x?=0,043; p=0,836).

[lonyyeHHblE pe3yabTaTbl 006pabaTbIBAJUCh C
HCIOJIb30BAaHUEM IAaKeTa KOMIBIOTEPHBIX MNPOrpaMM C
NpUMeHeHHeM NapaMeTPUYecKUX U HelapaMeTpPUYeCKUX
METO/IOB CTAaTUCTHUYECKOW 006paboTKU. JlocTOBEPHOCTH

pas/JiM4uil  MexJy CpaBHUBAaeMbIMHM II0OKa3aTeJsMU
onpegensay npu p<0,05.
UccnepnoBaHve  6GbIO  OZOOPEHO  JDTHYECKHUM

komuteToM HAO «MepunuHckuil yHuBepcuteT CeMei»,
npoTokoJ N2462 ot 8 okTsa6ps 2021 1.

rpynne MalMeHTOB MNPH  JIEYeHUM XHUPYPru4ecKUx
paH, NepecaXeHHble KOXHbIe JIOCKYTbl IOJHOCTbIO
(100%) mnpHKUIKMCb Ha [AOHOPCKHMX YdYacTKaX, Torja
Kak BO 2-0i (rpymma cpaBHeHHs) rpynme u3 12
c/lyyaeB  ayTOAEPMOTPAHCIVIAHTALlMM  NPHXKHUBJIEHHE
ayToZepMOTpaHCIJIaHTaTa ycraHoBseHo y 10 (83,3%).
[lono6Hass KapTHHA TaKKe HaGJIIOAANACh NPU JIeYeHUHU
paH TpaBMaTHYeCKOTo MpoucxoxjeHns y 9 u3 9 (100%)
ManyMeHTOB B OCHOBHOW rpynme u'y 7 us 8 (87,5%)
NalMeHTOB B IPyIIe CPAaBHEHMUS.

Tab6auya 2 - Peaysbmamul aqymodepmMonaacmuKu 8 3a8UcUMocmu 0m Npu4uH 603HUKHOBEHUS] PaH

Pansr mocsze
Tpyrma Xupyprudeckre paHbl, n O:K0roBBIE PAHBL, N TpaBmaruyeckue paHsl, n S
>
TIAIIEeHTOB N N ) )
n, n, % n, n, % n, n, % n, n, %
OcHoBHasA 13 13 100 23 22 95,7 9 9 100 5 4 80
CpaBHeHus 12 10 83,3 23 18 78,3 8 7 87,5 7 3 42,3
Ilpumeuanue:
n - 4YUC/10 NAYUEHMO8 N0 HO30102USIM, U3 HUX:
n,- 4UCN0 NAYUEHMOE € 2pyNNax uccAe006aHus,
n, - YUCA0 NAYUEHMOB 6 2PYNNAX UCCAeJ08AHUS C NOAHBIM NPUNCUSEHUEM AymOodepMOompaHcnaaHmama

Hecko/sibKo HMXe 3TH MOKasaTesH GbLIM B Tpyllne
NalMeHTOB C 0)KOTOBBIMU paHaMH. B yacTHoCTH, B rpyIe
NalMeHTOB M3 YHCJA pPaH IPU OTMOPOXKEHUSAX, J0Js
NPWKUBJIEHNST KOXXHOIO TpaHCIJIAHTaTa B OCHOBHOM
rpynmne nagueHToB cocraBuia 80% u 42,3% - B rpymnme
CpaBHEHMUs, COOTBETCTBeHHO. I[locjiefHee cBfI3aHO C
rJIyOOKMMU U3MeHEeHUsIMH B TKaHSX NOJ BO3JeHcTBHUEM
HU3KUX TeMIlepaTyp, 4YTO MOTPeGyT 3HAuUTeJbHbIX
YCHUJIMY Ha JiedeHHe 60JIbHBIX.

BakHbIM MOKasaTeseM SBJSETCS NPWKHUBJIeHUE
ayToAepMOTPAHCIIJIAHTATOB OTHOCHTEJIbHO oT
NepBOHAYa/IbHOM IUIOLIAAN TepecaKeHHOTO KOXHOI'0
gockyta  (Ta6nuna  3). CremeHb  NPWXKUBJIEHUS
TpaHCIJIaHTaTa 6bLIa Bhille B 1-0M (OCHOBHOI) rpymme
60JIbHBIX U cocTaBuIa 96,06+0,2% 1o cpaBHEHHUIO cO 2-H
(rpymma cpaBHeHUs) Ipynbl nanueHToB 77,34+0,33% (t =
48,51; p < 0,05).

Ta6/1uz4a 3-CmeneHb npuscussieHus aymodepmompchnﬂaHmamoe OMHOCUMEsNILHO Om nepBOHCI'-la./leDlj nﬂou;adu nepecax)ceHHo20

KOJICHO20 JI0CKyma
X O)KOI‘OBHE TpaBMaTH‘IeCRHe OTMOPO)KeHI/ISI
WPYPTUYECKUE PAHBI
paHBI paHBI
Tpymma Cremenn Cremenb Cremnenn Cremnenn
a IIPpUKUBIICHUA IIPUKHUBJIICHUA IIPUKUBJIIEHUA TPAHCIIJIaHTaTa IIPpUKUBIICHUA
ITMEeHTOB
rpancaaTaTa (%) rpancranTara (%) (%) rpancaaTata (%)
OcHoBHAs 97,15+0,28 95,35+0,28 96,89+0,37 81,2+1,14
CpaBHeHus 78,75+0,41 76,0+0,28 80,0+0,9 50,0+0,58
t-KpuTepmit 37,06 48,87 17,36 24,39
p <0,05 <0,05 <0,05 <0,05
CreneHb nprxupiaeHus  96,89+0,37%, 4TO COOTBETCTBOBAJIM KPUTEPUIO MOJIHOTO
AyTOAEPMOTPAHCIIJIAHTATOB OTHOCHUTEJIbHO oT NPUXKUBJIEHUA. HpI/l paHax BCJIEACTBHE OTMOPOXEHHUSA
nepBOHA4YaJIbHON MJIOLIAAU nepecakeHHOro oHa coctaBuwia 81,2+1,14%, koTopast 6blJa OleHEeHa KaK

KO)XKHOT'O JIOCKyTa TPU XUPYPrHYecKUX, OXOTOBBIX U
TpaBMaTUYECKUX paHaX B OCHOBHOU IpyIIle MallMeHTOB
cocTaBUJa COOTBeTCTBeHHO 97,15+0,28%,95,35+0,28% wu

34

JaCcTUYHOE IPUXKUBJIEHHUE. B rpynmne cpaBHeHUSA, INPHU
XUPYPrudeCcKnx, OXKOIOBbIX W TpPABMATHUYECKUX PpaHaX
CTeleHb MIPpUXKHBJIEHUA AyTOAEPMOTPAHCIIJIAHTATOB
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OTHOCHTEJIbHO oT NepBOHAYaIbHOU MIoLasu
MEePECaKEHHOTO KOXXKHOT'0 JIOCKYTa XapaKTepHu30BaJsach
KaK 4acTU4HOe nprxkubieHue (78,75+0,41%, 76,0+0,28%,
80,0+0,9% COOTBETCTBEHHO), U KaK He NMPUKUBJIEHHE -
IpH paHax BcaeacTBUe oTMopoxeHus (50,0+0,58%).

[locne  ayToAepMONJIACTUKM — TPaHYJHPYOIMX
pad y 100 naupueHTOB, OCJOKHEHHUS CO CTOPOHBI paH

W3 14 cnyvyaeB paHeBBbIX OCJ0XKHEHUH 7 ciy4aeB

(50%) COCTaBMJIU cy4au JIU3Uca/0TTOpPKEHUS
TpaHcmaHTtata. M3 7 ciayyaeB  5%-HbId smM3uc/
OTTOp)KEHHE ayTOTPaHCIJIaHTaTa YyCTaHoOBJIeHO B 1

cay4dae, 10%-HbI# - B 2 cay4asax u 25%-Hbli - B 4 caydasx.
HarHoeHue paHbl HMeJI0 MeCTO B 5 ciaydasx, y ABYX -
YaCTHUYHBIM HEKPO3 TPaHCIJIaHTaTa.

orMevanuch y 14 (14%) nauueHToB. U3 HUX B OCHOBHOHM
rpymne nauueHToB 2 (4%) cnyyas u 12 (24%) - B rpynmne
cpaBHenus (x*=6,728; p = 0,01).

OGcyxaeHue

Jlyquiue pe3y/nbTaThl ayTOJIepPMOIIJIACTUKY ~ [epeCca’keHHbIM ayTOTPAHCIJIAaHTAT KOXKU Ha peLUIHeHT-
npu JIeYeHUU rPaHYJIUPYIOIMX  XUPYPTUYECKUX y4yacTKe paHbl, obecrnedyeHneM «3pdeKkTa MNJIOTHOrO
paH C @OpUMeHeHHeM pa3pabOTAaHHOI'O0 aJIropuTMa KOHTAKTa TpPaHCIJIAHTATa C IOBEPXHOCTbIO paHbI» C
[epUONepPallMOHHON  3allMThl TPaHCIUVIAaHTAaTa KOXM  BO3MOXHOCTbIO NPUMEHEHUs paHHeH NepBOH NepeBs3KH
nocje  ayTOAEepPMOIIAaCTUKM  TIPAHY/JMPYIOUMX  paH Ha 5-e CYyTKH, ylydlleHHeM ApeHaKHOH QyHKIUM 3a cyeT
obecrneyuBalOTCA  KapKaCHOW  3allMTHOM  yHKnued ruApodo6HONH GYHKIMU CETYATOTO MOJUIPOIHJIEHOBOIO

MOJIMIIPOTIMJIEHOBOM CETKU Ha ayTOZEPMOTPAHCIJIAHTAT,
IPUCYTCTBUEM AaBsILEro (KOMIpPecCHOHHOTr0) addeKkTa Ha

MaTepuasna, IOBBIIIEHUEM  COpPOIIMOHHOM
MOBSI3KU U a3paly PaHbl, aTPaBMaTUYHOCTH.

byHKIUU

BbIBOABI

[IpeaioxeHHbIN aJI'OPUTM 3alUThl  ayToJepMoTpaHcmiaHTarta ¢ 77,34+0,33% g0 96,06+£0,2%
TpaHCIJIAaHTaTa KOXU Iocje CBOGOAHOM pacuiensieHHod  (t=48,51; p<0,05).
ayTOAEPMOIJIACTHKK  TPaHYJUPYIOMKX  paH  MyTeM KoH}IMKT HHTEepeCcoB. ABTOpbI pabOThI 3asABJIAOT

WHTPAOINEePAllMOHHOTO NPHUMEHEHHUS MOJUIPONUIEHOBON
CeTKM M IAJALIET0 [0CJe0NePALUOHHOI0 BeJeHUs
panbl sBiaseTcss 3GPEeKTUBHON TEXHOJOTHeH yayqlleHus
pe3yJIbTaToB JIeYeHUs.

06 OTCYTCTBHUHU KOHQJIMKTA HHTEPECOB.

duHaHCHUpOBaHUe. BuemHux

dUHAHCUPOBAHUS HET.

HCTOYHUKOB

Bxkiiag, aBtopoB. Konuyentyanusapusa - H.C.B.,
AH.K, TO.I'; metogosiorus - U.C.b., A.HK, TO.I'; npoBepka
- KEK.,; dopmanbubii ananusz - U.C.B, AHK., KEK,
K.PC, KM.I, M.AA, TO.I'; HanucaHue (OpUTHHAIbHAsA
yepHoBas noaroroska) - U.C.b.,, TO.I'; HanucaHue (0630p 1
penaktuposanue) - U.C.b, A H.K, TO.I,, KEK.

[lpy ero mnpUMeHEHUM TOBBILIAETCI  J0JIs
IPYOKMBJIEHHST ayTOAEPMOTPAHCIJIAHTAaTAa OTHOCHTENBHO
KOJINYECTBY NPOBeJIeHHOH ayTOLepMOIJIACTUKU A0 96%
TI0 CPAaBHEHHIO C 'PyNION nanueHToB (76%), IposiedeHHbIX
TPaJUIIMOHHBIM CIOCOG0M BeJieHus1 paH (x?=6,728; p=0,01),
a TaKXKe CTeNneHb MPWKUBJIEHHUS IIJIOIAAH lepecakeHHOTro
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Tyiuingeme

TexHo102USBIK NpO2peccmit KHcbla0am damy KAPKbIHbIHA 6AlAAHbICMbl MEPMUSIALIK JHapaKkamka 6aiiiaHbicmbl HAyKacmapowl
2ocnumasausayusaayosiy apmysl Kymiayode. JKapakam caadapbiHaH 604raH mepi akayaapul 6ap Haykacmapodul emoey HamuoiceaepiH
Jcakcapmy da 3epmmey 63eKkmi 6016in KaAa 6epMek.

3epmmey makcamvl: mytipwikmi dcapanapobsl blObIpamuLAFaH aymomepincamay 6apblcbiHOarbl noAunponuaeHdi mop K0410aHy MeH
Jcapara omaoaH KetliiHei Kymim xcypeisy apkblabl mepi mpaHCnAaHMamylH Nepuonepayusiiblk KOpray aa120pumminiy muimdiniein 6aranay.

9ddicmepi. PaHdomu3zayusiiaHb6araH 6akbliayabl 3epmmeyze 100 HayKac KambICMblpblabin, KAMbICYWbLAAP eKi monka 6eJ1iHeeH:
Hezizei monmarwl 50 celpkamka myliipwikmi dcapanapdel bloblpamulAFaH aymomepixcamay 6apbiCblHOAFbl NOAUNPONUAeHAI mop KoA0aHy
MeH Jcapara omadaH KeliHel Kymim dcypeizy apkblabl mepi mpaHcnJAaHMamelH nepuonepayusivlk Kopray aa2opummi, aa caablCmulpy
mo6biHdarebl 50 Haykacka dacmyp.i aHmucenmukmi dakeai mayFblumap KoA0aHbIAFAH.

Hamuocenepi. Hezisei monma 96% dcardailda ombulprui3blaFraH mepl KUbIHObICbIHbIY MO1bIKMAll MYpaKmMaHFaHbl OpblH a/1Caq,
casvicmblpy mobeiHda 76% cbipkamma FaHa 6alikaadel (x°=6,728; p=0,01). OmulpFei3blaraH mepi KUblHObICbIHbIH AAFAUKbI KeJAeMIHe
wakkaHda Hezizzi monma 96,06+0,2% 6o.1ca, cansicmblpy mobbiHda - 77,34+0,33% (t = 48,51; p<0,05) Kypadbi.

KopbimbiHObL. ¥cbiHblaran mytipwikmi sxcapanaapdel blOblpambslAFaH aymomepixcamay 6apblcblHOGFbl noaunponusieHdi mop
Ko10aHy MeH scapara omaodaH KelliHel Kymim xcypzizy apKblabl mepi mpaHcnJAaHmMamelH nepuonepayusiablK KOpray an2opummi emoey
HamuoiceAiziH HaKcapmamulH MexHo102Us1 0en MysicblpblmMOIaiiMbi3.

Tytiin ce3dep: aymomepidxcamay, mytipwikmi sxcapasap, mepmusiaviK dcapakammap.
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Abstract

Due to the rapid pace of technological progress, an increase in hospitalization of patients due to thermal injury is expected. Improving
the treatment outcomes of patients with skin defects due to injuries also requires study.

The purpose of the study is to determine the effectiveness of the perioperative algorithm for protecting the skin graft after split-thickness
autodermoplasty of granulating wounds through the intraoperative use of a polypropylene mesh and gentle postoperative wound management.

Methods. A non-randomized controlled clinical trial included 100 patients with granulating wounds. The patients were divided
into two groups: the main group - 50 patients, when an algorithm for perioperative protection of the skin graft was applied after free split
autodermoplasty of granulating wounds and a comparison group - 50 patients treated in the traditional way using gauze wipes moistened with
an antiseptic solution.

Results. In the main group of patients, in 96% of cases there was complete engraftment of the transplanted skin flap, while in the
comparison group engraftment was observed in 76% of patients (x2=6.728; p=0.01). Engraftment of autodermal grafts relative to the initial
area of the transplanted skin flap in the main group of patients was 96.06+0.2% compared to the comparison group 77.34%+0.33 (t=48.51;
p<0.05).

Conclusions. The proposed algorithm for protecting the skin graft after free split autodermoplasty of granulating wounds through the
intraoperative use of a polypropylene mesh and gentle postoperative wound management is an effective technology for improving treatment
results.

Key words: autodermoplasty, granulating wounds.
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Ten makana

EpTe Ke3eHaep/e 3epTXaHaJIbIK »KaHyapJiap yJAricinaeri cyMek TiHiHiH,
eCy YAETKIIITepiH KoJ1AaHy Ke3iH/Jeri cyeK aKaybIHbIH KalTa KYpPblIJIybIH
CaJIBICTBIPMAaJIbI 6aFasiay
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Pe3wome

AwblK  CbIHbIKMAPAAH, OHKON02USALIK aYypYAapdaH XHcaHe CO3bLAMA/IbI  0CMmeoMUeaummeH MyblHOGFAH Cyliek akayaapol
mpasmamosioz2usi MeH opmonedusida e3ekmi Macese 601bin Kana 6epedi. Kasipai yakbimma mpasmamono2usioa 3epmxaHaslk jJcanyapaapoa
KenmezeH akcnepumeHmmik cytiek akay yazisepi sgcacandvl. d1emoik maxcipuberi natidasnana omsipuin, 6i3 cyliek akayvlHbIH yA2ICIH scacay
JiCaHE OHbI HCAGY YUWIH KOSIHOAPFA HcacanamulH yA2iHi natioananydbl jceH Kepoik.

3epmmeydiy makcamoi: myKbIMCbI3 KOSIHOapOarsl cyliek aKayaapui #abydbiy apmypi ya2inepiHe KAUHUKAAbIK, DEHM2EeHON02USIIbIK
JiCoHE 2UCMO0102USIAbIK MAA0ay Hyp2izy.

9ddicmepi. Bapablk 3epmmeysiep 6U0IMUKA KOMUCCUSICbIHbIH Ma/aanmapbiHa calikec xcypeizindi. Jlabopamopavlk 3epmmeyaep
60 myKbIMCbI3 KOSIHFA Jxcypeizindi.  Oaap kesdelicok mypde 2 monka 6esiH0i. KosiHdapdbl — 8eHMuasAyusicbl, memnepamypacsl HcaHe
bIAFAN0bIAbIFbl MAMAHOAHOBIPLIAFAH 8Uaputide ycmadsl. 3epmXaHablK HaHyapaap 2-0eH apHalibl mopaapdd opHAAacmblpbladbl. bapablk
XUpypausiablK apanacyaap #aanbl HapKo36eH sxcypeisindi. Oy dcak opma Hiaikmin colpmgbl 6emi 60UbIHWA XUPYP2USAbIK KOA HemiMoinik
Jcacandsl. Bapavik sxcavyapaapoa monka 6atiiaHbicCmul akay ecy pakmop.aapblMeH jxaHe 6ucgocoHamneH moamulpblLAFaH.

AKayosl moamblpy dHcaHe KaanviHa Keay ypoici KAUHUKA/bIK, PEHM2eHO/102USAbIK, 2UCMO/A02USAbIK HCIHE CMamucmukaablk
adicmepmeH 6aranaHdbl.

Hamuoicenepi. OmaHblH epme Ke3eHiHe 6ali1aHbiCMbl AAFAUKbL €Ki KyHOe KO3FalbIC 6esceHdinieiHif momeHdiel 6alikaadvl. Macoypii
KO3Fa/bIC Ke3iHde KosSiH0ap oma/aHFaH i akKa akcan, KebiHe omulpFaH Kaablnma Ken yakblm emki3di. Busyasdel mekcepy 6apblcbiHOa
mabemmiy memeHdeyi, dtcaanst aci3dik 6alikaadel, 6ipak memnepamypa kepcemkiwmepi 6alikaydbly 6acbiHaH 6acman sKcnepuMeHmmeH
WHIFapbLAFAHFa deliiH Kaabinmul 60/10b1. Cyliek akaybiHblH KA/bINMACKAH Y/2iAepiHii peHm2aeH0102Us1bIK KepIHiciH 6araaay 14 KyHHeH KeliiH
2 monmada aiikblH nepuocma/dsl peakyusi 6alikaadsl. Xupypausiivlk emoeydeH Keliin 14 mayaik iwinde cyliek miHiHOe2i 2ucmo102usiIbIK
e32epicmepee casbicmblpMaasl cunammama dxacanodel. XKacywa KypamelH 6arasnay ywiH mamepuaa cmandapmmel adic 60lUblHWA
2eMAMOKCUNUH MEH 903UHMEH 60sNFaH. [JoHeKep MIHHIH Hcacywanblk jHaHe Hacyuanblk emec 3/1eMeHmmepin 2ucmo/102usi/blK capaiay
ywin MaccoH 6olibiHwa mpuxpom 60s1y dicyp2izindi, 6y ¢ubpos ypdicin 6arasayra MymKiHOik 6epol.

KopbimuiHdbl. Cyliek akayaapul aai de Kypdeai macese 601bin mabbliadsl jcaHe 04apobl emdey edayip KUubiHObIKMApP MyFbl3adbl.
Bi3diH mycinizimizdi mepeHdemy scaHe emdey Homudiceaepit JHcaKcapmy YWiH 0cbl ca1a0a KOCbIMUIA 3epmmey/ep Kaxcem eKeHi aHblK,

Tytiin ce3dep: cyliexk miHiHIH aKay/napbl, cCblHbIKMAp, y3blH mymikweni cytiekmep, yxcanran GysiHdap, ecy ¢pakmopaapsl, BMP, PRP,
bugocgonam.
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Kipicne
XapakaTTaHy, KeJesJ  HeMece  CO3bLIMaJbl
OCTEOMUENUT JKoHe cyliek iciriHeH TybIHJaFaH

cydek TiHiHIH KeH akKay/sapbl TpaBMaToJIOTUS MeEH
OpTONEaUsHbIH, ©63eKTi Macesieci Gosibll Kajaa Gepeji.
JlyHuexysinik ofebueTTe cyiiek akay/lapblH CUNATTaYAbIH,
HaKThI aHbIKTaMachl 0K, [1-3]. TepMUHHIH cHnaTTaybIHAA
KPUTHUKAJBIK aKayJap e3JiriHeH a3blIMalTbliH, KalTa
XUPYPrUsJIbIK apanacyibl KaXKeT eTeTiH aKay peTiHje
KapacTelpbliasbl [4-5]. CoHFbI akKayAblH KeJeMi MeH
MeJillepi aJli aHbIKTaJMaFaH >X9HEe TeK YCbIHBIM/BIK
cumnarTa 60JIbIN TabblIa/1bl, OHbIH i1IiH/IEe CYHeK leHOePiHiH,
50% peliiH oFaj/ybIMeH Koca aKayAblH MeJiiepi 2 cMm-
JleH acaTblH aKayJap. Asaiijia, 6y/ YCbIHBICTBI KOJIJAaHFaH
Ke3/le aKay/blH K9He Kepllisiec TiHJAepAiH aHaTOMMUSJIBIK
OpHaJIacyblH ecKepy KaxkeT [6-10].

dJieM/le aKayJap/Abl eMAeyaiH "aaTblH cTaHAapThl"
ayTOTPaHCIJIAHTAaTTap KeMeriMeH cyHek akxay/JapblH
aZMacTelpy 6Gosiblnl Kaja Gepeni. CyHek axaysapblH
aJIMacTblpy MMMYH/BIK Kayill >KaFblHaH KeMIUiJiKTepci3
60JIFaHBIMEH, JOHOPJIBIK alMaKThIH, KOCBIMILA >KapaKaThl,
aybIPCBIHY CHH/JPOMBI, HayKACTbIH KOCbIMIIA CeJaliHsCh,
ayKbIM/bl KaH KOFaJITy >KoHe TaFbl COJl CUAKTbI KeIITereH
kemulinikrepre wue. CyHekTiH KeH akayJjapbl Ke3iHJe
JIOHODJIBIK, JIelIOHbIH,  6acka KoCbIMIIA aKlMaKTapblH
KapacTblpy KaxkeT 60JiblI TabbLiagbl [11-13].

MaTtepuajajgap MeH daicTepi

JKCIepUMEHT Kaparan/bl MeaUIUHA
YHUBEPCUTETIHIH BUBApUHiH/e )Kyprisinai.

AnnoTpaHCnJIaHTaTThI AAUBIHAAY.
AnnoTpaHCIJIAaHTATThI JlalibIHayFa apHaJIFaH
MaTepudas Kambac-caH OybIHBIH 3HJONPOTE3/ey/JeH

KediH Tipi JOHOpABIH OpPTaH XKiJiriHiH 6ackl OGOJ/bI.
Keitinri eHJiey >oHe 3apapchI3ZjaHbIpy AalbIHAAY/bIH,
0apJIblK CTaHJapTTapblHA COWKEC MaMaHJAaH/bIPbLIFaH
KOHABIPFBIAA  JKy3ere achIpbLIJBIL. JlavibIH1a/IFaH
a/iorpaHcmiaitar  -80°C  TeMmeparypaja  apHaibl
TOHA3BITKBILITA CaKTaIAbl. JKCIIEPUMEHT OacTajap/aH
eki caFaT OypbIH a/UIOTPAHCIJIAaHTATbl 6ap KOHTeHHep
epiTisnin, cyflek akayblH ajJMacTbIpaThiH JadblHAaMaJap
JKacaJiabl.

Bakbliay 06bekTici 60 TYKbIMCBI3 KOsIH, 6-8 all/IbIK,
casnmarbl 3000,0-3500,0 rp 6os1abl. BuBapuil xafaalbiHa
GeJsiMesIepAiH KapbIK, Kbl1y, bUIFAJJBLIBIK pEXUM/EpiH
CaKTall OTBIPBIN, 3epTXaHaJbIK >KaHyapJapAbl Gelimzey
JKOHE aKJIuMMaTu3auusiay YIIiH Kafjaijap »Kacasbl.
BapsblK »kaHyapJsap CcyHek akayblH TOJITBIpPY dJiciHe
6alJIaHbICTBI Ke3[eNCoK TypAe 2 Tonka 6esinai. Nel Ton
- 3kcnepuMeHTTiK (n-30) asnorpadter 1 rp amnorpadpka
10 Mkr KoHLeHTpauusga 1:1 PRP 6ap BMP-2 6aiibIThlIFaH
asnorpadTel KoagaHAbl. Ne2 Tom - 6Gakbuiay (n-30)
asnorpadt 1 rp amnorpadptka 1:1 10 Mkr 6uchocdonart
neH BMP-2 6alibIThbLIFaH.

Otanay agici. OTa angplHJarbl JadblHABIKIIEH
Kyprisingi, skcnepumenTTeH 30  MHHYT  OYpbIH
QHTUOGUMOTHUKAJIBIK Tepamus KYprisingi. 3epTxaHasbIK

HaTmxenepi

OTaHbIH epTe Ke3eHiHe GalaHBICThl AJFALIKBI
eki KyHJe KO3fFasbiCc OesiceHALTriHIH  TeMeHziri
G0adKanabl. MoxkOypJli  KO3FasbiC Ke3iHJe KosiHJap
OTaJIaHFaH KaKKa akcal, KebiHe OThIpFaH KaJbITa KOl
yakbIT ©TKi3Al. OTa OpHBIHBIH NaJbHallUsAChl Ke3iHje
J)KaHyap TapThIHABL Busyangpl Tekcepy 6apbIChIHAA
TIOETTIH TeMeH/ieyi, Ka/lmbl dJICi3AiK 6GalKanabl, Gipak,

AnnoTpaHcIIaHTaHTTap/Abl AadblHAAy 6apbIChIHAA
OHJley TEeXHOJIOTUSIChI MeH 9JicTepi AypbiC CaKTaJFaH
OoJsica, [JaWblHAQJIFAaH aAJJIOTPAHCIUIAHTATTap  CYyHek
aKayJiapblH aJMacThIPYAbIH, *KaHa MYMKiHJiKTepi 60Jybl
MYMKiH. ByJ191iCTiH apTBIKLIBLJIBIFBI - OH, OCTEOUH/AYKTUBTI
»)KOHE OCTEOKOHJYKTHUBTI KacueTTep, Gipak arsara »KaT
00beKT 60J1a OTBIPBIN, aF3aZlaH 6ac TapTyFa KOHE TOMEH
ocTeoreH/lik 6esceHAinikKe akeyi MyMKiH [14-17].

TpaHcnaHTAHTTapAblH,  60/ybl  HayKacTapAblH
cylleKk akxay/apblH aJMacTbIpy MacesieCiH TOJIbIFbIMEH
LIellKeH OK. ByJ1 e3 ke3erinfe cyliek akayblH aJIMacTbIpy
YLIiH KapKac TypiHZeri akay/iblH pereHepaTUBTI KabisieTiHn
’)KakcapTy YWiH 6uoyiieciMAi  60sibll  TaGbLIATBIH
TpaHCIUIaHTaTTapAbl  NaljanaHa  OTBIPbIN,  TiHAIK
WHXXeHepUsiHbl JaMbITyFa MyMKiHAik 6Gepai. CoHFBI
OH KbUIJBIKTAapAa CyleK pereHepalMscblHa OesiceHA]
KaTbICaTbIH XacylllaJap MeH ecy GaKTOpJIapbIHbIH dPTYpJi
TypJiepi 3epTTenfi. Anaija, cylek pereHepanusicblH
»KaKcapTaTblH aHa TeXHOJIOTHAJApAbIH, JaMybIMeH
aJIMacThIpy MaceJieci a1 weminmereH [18-25].

Ocel  3epTTeyAiH MakcaTbl CyleK akKayblH
KahTta Kypyfa BMP-2, PRP xoHe 6ucdochoHar
KOMGUHALHsICBIHAFbI a/uiorpadThiy, acepiH
TUCTOJIOTUS/IBIK,  PEHTTEHOJIOTHUSIIBIK,  KJIWHUKAJbIK,

Garasiay 6OJIJBbL.

YKaHYapAbIH, KaJbl CeJalUsaAChl Ke3iH/le CAHHBIH ChIPTKbI
OeTiH/eri acenTHKA MeH aHTUCENTUKA epeXKesiepiH caKTan
OTBIPBIN, OpTaH XMk Auadu3iHiH OpTaHFBl YUITEH Oip
OeJiiriH OOMJIBIK TPOEeKIUsAAa KeJesJ KOJ KeTIMATIK
JIOFaJl )K9He  OTKIp KOJIMeH cyliek KabblHa >KeTim,
apHaiibl KypaimeH 1,0%1,0 cm akay »kacanzbl. YXKapaHsl
JadblHJaFaHHAH KeHWiH apaJjlackaH I[penapaTTapMeH
GalbIThUIFAH aytorpadT eHrisingi. Xupyprusiblk, skapafra
KabaT-KabaT Tiricrep caJblHAbIL.

ToxipubeneH KeliH 3epTXaHasBIK >KaHyapJapFa
OY/IIIBbIKeT illiHe aHTHOAKTepHa/bl KoHe aybIPChIHY/bI
GacaTblH NpenapaTTap eHrisisgi. OTajaH KeliHri keseHe
J)KoHe 3epTTeY/iH KeJseci KYHepiH/Je »aHyap/blH TiplIiJiKk
opeKeTiH KyHJeJiKTi 6akpLiay »Kyprisingi. 14-mi kysi
QJIIbIHFBI-APTKbl JKoHEe OYHipJiK MNpoeKkiusja aKaysbl
6ap opTaH iJikke peHTreHorpadus xacanjabl. Cylek
pereHepalUsICbIHbIH, PEHTTeHOJIOTUSJIBIK, KepCeTKilTepi
G6arasaHabl. CoJl  KYHI JKaHyapsap 3KCIEPUMEHTTEH
HapKO3/bIH apThIK, J03aCblH €HTi3y apKblJbl HIbIFAPbIIADL.
Akaybl 6ap cyiiek pparmMeHTi KyMcakK TiHAepMeH OeJliHi,
MOPQOJIOTUAJIBIK, ~ K0HE  TUCTOJIOTUSUIBIK  3epTTey
dJlicTepiMeH GaFasaH/bl.

JKCIepUMEHTTIK 3epTTey Kypri3y yiiH Kaparas/ bl
MeJUIIMHA  YHUBEpPCUTeTiHIH  buoaThka  »KeHiHJeri
JKePTiNiKTI KOMUTETIHIH aJ/blH ajla MaKyJ//Jaybl aJbIH/BbL.
Bapsbik 3epTTey/iep XeJbCUHKU JeKJIapalusicblHa calikec
3TUKAJIbIK IPUHIUIITEPA] CAKTal OTBIPBII KYPTi3iaji.

TeMIlepaTypa KepceTKilTepi 6aliKayablH 6acbIlHAH 6acTan
3KCIIepUMEHTTeH IIblFapblIFaHfa Jeiin  37,3-37,5°C
NeHrelinje, 9FHU KaJbIIThI 00J1/IbI.
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BakpbliayblH 10-1bI KYHi J)KaHyap/ZblH,
GesiCeHIIITiHIH Ka/mblHA Kesyi, TOOETTIH >KOFapblIaybl
GaliKan/ibl. 3epTXaHaJ/bIK >KaHyapJbl BHU3yas/ibl LIOJIBIIT
Kapay Kes3iH/le MHTOKCHUKaLUs Gesriiepi 6aiKaaMazbl.

OTtamaH KeHWiHri aWMakra
TBIPTBIKTAp, »Kapa LIeTTepiHiH aXbIpaybl >XoHe ICiHy

6arKa/MaraH.

AAKTBIH KO3Fa/ITKbIII K9He Ce3rill  KbI3MeTi
6y3piMaraH. KeiliHri 6Gakpuiay KeseHZepi >kaHyap/blH,
Ma3achI3/IbIFBIHBIH alKbIH 6esrinepi 6aiiKagiMa/bl.

PeHTreHo/1I0rMsIBIK, 3epTTey. Cyliek aKayblHbIH,

OTaZlaH  KeHiHri KaJsblITacKaH yJrijiepiHiH, peHTreHOJIOTHsJIbIK KepiHiciH
G6arasmay 14 KyHHeH KeHiH 2-mi TomTajga aWKbIH
nepuocTan/ibl peakuus 6avkanzgel (1,2-cyper).
1-wi cypem - 1 mon 14 kyH: A - 6yliipsik kepiHic; b - a10bIHFbl-apmKkbl KepiHic
CypeTTep/ile TeKcepisieTiH akaysap yIUTeH OipiH HaKTbhlIaMald KaJbIITaca/bl),

1-mi KoHe  2-1i
3epTXaHa/bIK >KaHyapJapJblH OTaJaH KeHliH 14 KyHi
aJIIbIHFBI-apTKbl 2K9He OYHip/ik NpoeKLUsIapbIHAAFbI
OpTaH JKiJiKTepi KepceTiireH. 1-TomTa akay OH ak
OpTaH XijiridiH 0/3 xoHe T/3 AuadusiHiH MmekapacbIiHAA
KaJ/IbIIITaCKaH, Oyl JeHredJe  JKacaJfaH  cyHek
aKay/lapblHbIH, 3epTTeyre MaHbI3/lbl epeKIIeNiKTepi KOK
(3epTTey MakcaTblHAa C9HKeC, OpTaH XKijJik guadusinpge

aJIIbIHFbI-apTKBl IPOEKLUsA/A aKay AeHreliHe anoprapT
GaliKasiMan/ibl, 6ipak 6yHipsik npoeknusaa aanorpadThiH
aKayZiaH TbIC eKeHiH Kepyre 060J1afibl, IepUOCTal/bl
peakuusl aWKbIH KepiHeJi. 2-TomTa akay OH JKaK OpTaH
kKinmiriniH  o/3  guadu3  geHredinZe  KasbINTAcKaH,
akay JeHredinge asiorpadTThlH 60Jybl, aIorpadT
bI/IbIpaMaFaH, IEPUOCTa/Ibl peaKus Gerijsiepi akKbIH.

2-wicypem - 2 mon 14 kyH: A - 6yllipsik kepiHic; b - an0biHFbl-apmKbl KepiHic

THCTONOTUAJIBIK, 3epTTey. [MCTONaTOJOrUsIbIK,
3epTTeyAiH o0bekTici maWja GoJsiFaH akKaybl 6ap cylek
¢parmeHTi Gosgpl. THcTosNOrUANBIK Garanayra JAediH

cyiiek OGeusiktepi 24 carat iwinge 10% Gedrapan
Ooydepsai ¢opmanuHre canblHbll, 24 carar imiHzAe
Biotech R (Bio-Optica Milano SPA) epiTingicinge

JekanbuupUKaLUANaHAbl, COAaH KeliH ysrinep ¢ocdar
oydepinge xybuigbl (pH=7,4). Cydek TiHIH OHTaNJIbI
JKYMcapTKaHHaH KeliH (JekajblUHanus) cyiek KeciHzici
xacanzabl. Tingep dopmanunniyg 10% - epitiHgicinzge
4°C TemnepaTtypasa 24 caraT 6oibl GekiTinim, aFbIiH
CyMEH  KYbUIBbI,  aJKOroJb  KOHLEHTPAalHSACBIHBIH
YKOFapbLIaybIMeH CychI3faHAbIpbLiabl (70%, 90%, 95%,
100%), conaH KeHiH KcuiosFa 6aThIpbIIbI )KaHe apapuH
GJIOKTapblHa KyYHbLIABL KalbIHABIFBI 5 MKM TiHHIH
Tinimpaepi Leica SM 2000R sled MUKpPOTOMBI apKbLibl
Kecingi. /laliblHAa/FaHHaH KeHiH TiHfepAiH Tinimpaepi
reMaTOKCUJIMH ME€H 303MH 00slybIMeH (CyHeK aKaybIHBIH,
»Kaunbl TIHAIK MOpPOJIOTrHACHl MEH acyLla/lblK KYpaMblH
aHbIKTAay YVIUiH) >XoHe MacCcOH TpPUXPOMBbI 0GOsIybIMEH
(wemipek TiHZepl koHe cyHek akaybl alMaFbIHAAFBI
cydek TiHJepiHiH, JoHeKep TiHAepAiH NalbI3blH aHbIKTAY
yuwin) GossraH. [lpemapaTTapibl MHUKPOCKOMHUSIJIBIK,
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3epTTey Zeiss KypbLIFbICBIHJA Kyprisingi Axiolab 4.0
Mukpockonbsl X200 >xone x400 ynkedTtinymeH. Windows
KyleciHe apHasfaH axiovision 7.2 GargapsaMasblk,
Kypasibl KeCKiHZepAl Taljay >»KoHe CypeTke Tycipy
ylliH naifananbuigbl. Cyllek akayblHbIH ailiMaFblH/JAFbl
KacyllaablK  KypaMmAabl  ecentey  (OCTeoKJacTTap,
ocTeo6J1aCcTTap oHE OCTEOLUTTep) reMaTOKCUJIUHMEH
»K9He J03MHMeH 6osiIFaH GesiMzepfe Kyprisingi: cyiek
keMicTirinig, 1000 »xacylwiacblHa OCTEOKJACTTapAblH,
0CTe06J1aCTTapAbIH XKOHE OCTEOLUTTEPAIH CaHbl eCeNTe /i
»K9He aJIbIHFaH opTalla MaH dp TOI YIIiH YTipZeH KeHiH 2
TaHOara AeiHri ga iKeH KepceTinai.

XupyprusiielK, — emjeyfeH KedliH 14  Tayiik
imiHge cydek TiHiIHZEri THUCTOJIOTHAJIBIK ©3repicTepre
caJIbICTBIpMaslbl cUNATTaMa >xacajizbl. Kacyma KypaMbIH
GaFrasay yIIiH MarTepwasn CTaHZAPTTHI dAic GOWBIHIIA
reMaTOKCHUJIMH MeH 303WHMeH 0osiiFaH. /loHeKep TiHHIH
’KacyllaJblK >KoHe ’KacyllaJblK eMeC 3JIeMeHTTepiH
TUCTOJIOTHSJIBIK capasiay yiliH MaccoH 60MbIHIIIA TPUXPOM
6051y »kyprisinai, 6y ¢ubpo3s ypaicin 6aranmayra MyMKiH/IK
6epai (3-6 cyperTep).



Traumatology and Orthopaedics of Kazakhstan, Volume 3. Number 74 (2024)

3-wi cypem - 1-Ton. 14 maysikke KOpmukaa0bl mabaKwaHbly akay atiMarbiHblY 6KiA0iK MUKpocypemmepi
A - akay atimarbl (con scakma) 80% daHekep miHMeH xcabblaraw; B - akay atimarel 70% okandel aumgbonaasmayumapael
uHpuILMpayusicul 6ap daHekep minMeH xcabularas; C - Ocmeobaacmmap xcayadax naiida 604raH cyliek miHiMeH JicaHe cyliek miHiHiH
Ken 6arbimmbl 6CyiMeH 0CMmeo6.aacm HeacywanapbiHblH HCUHAKMAAYbIHbIH GpHeue WOFbIPbIHbIY KAAbINMACYbIMEeH a1102pagmblH
cytiek 6o1ikmepiH MoblK JdcaHe doHeeseK KanmaraH; d - pokan0bl 2paHy10yummik JHcaHe KaabinmackKaH daHekep miH atiMarblHOAFbl
Aumgozucmuoyumapasl uHGUALMpayus (myci 2eMamoKcuAUuH ycaHe 303uH, x 100)

¥YcbiHbUIFaH 3-1i cypeTTe 14 Taysikke KOPTUKaIAbI
TabaKUIaHbIH aKAy aliMaFbl, TeMaTOKCUJIVNH MeH 303WHHIH
60siybl KepceTisireH. AKay aiiMarbl 80% JoHeKep TiHMEH,
70% dokanab! TMMPONIa3MOLUTTIK UHGUIBTPALUSACH 6ap
JIoHEeKep TiHMeH >KaOblIFaH. AKAy/blH ILETiHJle KeciireH
»KepAiH mamaMeH 10% - asbin »KaTKaH, UHTpaMeAy/asapJibl
TYp/ie OCeTiH KaJIFbI3 KaHA/|aH Maiia 6oJIFaH XKyKa CyHek
apKaJbIKTapbl aHbIKTaaapl. OcTeoGuacTTap >KaHa/aH
naiiia 6oJiFaH Cydek TiHIMeH oHe CYyHeK TiHiHIH Ken
GaFbITTHI 6CYiMEeH 0CTe06J1acT KacyllajapbIHbIH GipHele
IIOFBIPBIHBIH, Makja 6oJiybIMeH ayorpadThlH —CyHek
OeJIiKTEPiH TOJILIFBIMEH JXK9HE JIOHTeJIeK TYpAe KamTaJbl.

Cy#iek GeTiHze MOJIApU3AlUsJIAHFAaH OCTe06JIacTTap MeH
aJIbIl, KOIl SAPOJIbI OCTEeOKJACTTap 6alKaaajpl; CyHek
MaTpULACBIMEH KOpIIAJFaH OCTEOLUTTep Jie GaiKaiajbl.
doxanzpl rpaHyI0LUTAPIIB] )K9HE JTUMPOTUCTHOLUTAPIIBI
MHOUIBTPANUs Ka/lbINITAaCKAH JdHeKep TiH aWMarbIH/a.
Cyliek TiHI peTci3 opHasacKaH CyHleK apKaJblKTapbl
MeH TabaKIaJblK, KypbUIbIMJAApZAbl KypaWTbIH CbIMJAP
TYypiHZe yCbIHbUIFaH. MUHepa/jaHy AeHreli )KoFaphl KoHe
GOMJIBIK 6cyi 6esiceH/|i CYHeK apKaJIbIKTaphl, CylHek GeTiH/e
NoJIApU3alUsiJIaHFaH O0CTeo6JIacTTap MeH aJbll, Kel
SAZIPOJIBI OCTEOKJIACTTAap 6GalKasaJpl; CylHeK MaTpHULachblH
KOpIlamn TypFaH OCTEOLUTTED e GalKasazbl.

4-wi cypem - 4-mon 1. 14 maysikke Kopmuka10bl mabakWaHsly aKay aliMarsiHblH 6Ki10iK MUKpocypemmepi
A-akay alimarel scaqadaH natioa 604FaH cyliek apKaablkmapul akay atimMarblH0a UHmMezpayust Hemece 6uomamepuandsl aAmMacmaolpy
6eszinepinciz opHasacadwul (wamamen 50% cyliexk miHiHiH scabblLiybl); B-OaHekep kabam annozpagmmeoly 6emin apmypai katima Kypy
dapedicecimeH dcaHe ycanadaH naiida 6oaraH cyliek miHimen Kopwatiosl; C-daHekep kabam aano0z2padmmuly 6emin apmypai Katima Kypy
dapedicecimeH scaHe HcayadaH natida 6oaraH cyliek miHimeH Kopwatiosl; D - )KaHadaH natida 6oaraH cyliekmiy mpabekyaspablk mopbl
annozpagm cyliekmepimen 6ipikmipineen (Maccon mpuxpomeitbly myci, x 400)

YcbiHbUIFaH 4-11i cypeTTe 14 TayliKKe KOPTUKaJ/bl
TabaKlIaHbIH aKay aiiMarbl, MaccoH TpUXPOMBIHBIH, 6051ybl
KepceTisireH. 14 KYHHeH KeHliH OCTeOTOMHUSI allMaFbIHbIH,
MHUKpOCypeTTepi KepceTireH. Akay aWMafrbl »aHaJaH
naiiia GoJsiFaH CyHeK apKaJblKTapbl akay aiMafrblHJa
6uoMaTepua bl HMHTerpanusjiay HeMece aybICTbIPY
GesrinepiHcis  opHasacazabl.  JloHekep TiHAI  Ka6aT
asnorpadTThIH 6eTiH apTypJsi Jopexese KalTa KypyMeH
JKOHE KaHaJlaH maija 6oJiFaH cylek TiHIMeH Koplian/bl

(>xaby mamameH 50% cylek TiHiHiH). [loHeKep TiHAI KabaT
asorpadTThIH 6eTiH apTypJsi Jopexese KalTa KypyMeH
JKOHE JXKaHaJlaH Maiiia 6osiFaH cydek TiHIMeH Kopluaujbl.
2KaHazan maiijja 6osiFaH CyHeKTiH Tpa6eKyJ/sipJblK TOPbI
a/iorpadTThIH aCThIHAAFEI CYHeKTepMeH GipikTipinesi.
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KenTereH ocTeoquTTep MeH OCTe06JACTTapbI
6ap »kaHaZaH mnalja OGoJsiFaH cydek asiorpadTieH
6ipikTipinren. XaHazaH maija OGoJsiFaH Cylek TiHiHIH

cylleKk apKaJbIKTapbl reTeporeHfi, HeriziHeH ¢okanbl
Kemip Topi3Ai yuyackesepi »kaHe 6ip KOHTakTijepi 6ap
’KYKa, HeTi3iHeH cylek apKa/lbIKTapbIHbIH I0JIIOCTEpiH/e.

5-wi cypem. 2-Ton. 14 mayaikke Kopmukaadsl mabaKwWaHvly akay aliMarblHbIH 6Ki10iK MuKpocypemmepi
A, B, C, D - TeMamoKCUu/1uH H#CaHe 303UH
Annozpagpmmul 6escendi Kalima Kypy, s#cayadaH natida 60aFaH cyliek miHiHIH 0eHzaeseK Kaablnmacybl, a102padmmal HaHadaH
natida 604FaH cyliek apkaabikmapbiMeH 6ipikmipy. XKiHiwke KabblpFaabl MamblpAapMeH HaHe cupek UH@PUIbmpamneH daHekep miHi natida
6010001

YcblHbLIFAH 5-111 cypeTTe 14 KYHAIK KOpTUKaJ/bI
TabaKllaHbIH, aKay aKWMarbl, IeMaTOKCUJIHWHMEH JoHe
303MHMeH 605y KepceTiireH. AsnorpadTTblH OGesceH[i
KalTa Kypbllybl, KaHaJlaH naija 6oJifaH cydek TiHiHiH

JIOHTeJIeK  KaJsblITacybl,  aiorpadTThlH  KaHa/AaH
naia GosiFaH CyHeK apKa/bIKTapbIMEH WHTErpalusiChl
kepceTiaireH. JiHilke KaGbIpFaJbl TaMbIpJlapMeH >KoHe
cupek UHQUIBTPATIIEH JoHeKep TiHi maiiza 601a4bl.

6-wol cypem. 2-Ton. 14 mayaikke kopmukaadbl mabaKwaxsly akay aiiMarbiHbIH 6KiA0iK MUkpocypemmepi
A, B - 2eMamoKcuUHMeH JicaHe 303UHMeH 60s1y: A-6ipikmipinzeH Kailma scacaaraH annozpagpmnen cyliek kemicmiziniy wemineH
JicaHadaH natioa 604raH cytiek miui; B - cyliek kemicmizi alimarsiHOa dcanadal natida 604FaH cyliek apKaabIKmapblHblH CAHbL KOn.
C, D - Masson's trichrome: C - scayadaH natida 601FaH cyliek miHiHIH UHMe2payusicbl, peMUHepaau3ayusichl JaHe doHeeaeK
Ka/einmacysl 6ap aanozpagmmel oy Katima Kypy; D - akay opHbul pemciz OpHANACKAH CylieK apKaablkmapbsl MeH cblmoap mypiHoe
VCbIHbLAFAH HcaHadaH natida 604raH cytiek miHiMeH J#abblAFraH

YCbIHBLIFaH 6-111b1 cyperTe 14
TOYJIIKKe KOPTHKaJIZbl TabaKUIaHBIH, aKay aWMarbl,
reMaTOKCUJIMHMEH >X9He 303WHMeH 005y KepCeTi/NreH;
Tpuxpom MaccoH GoibiHIIA. A xaHe B cypetTepiHfe
reMaTOKCHJIMH MeH 303WHHIH 605lybl MHTerpalusIaHFaH
KalTa JKkacajfaH aJyuiorpadTineH CyHeK aKaybIHBIH,
HIeTiHEH KaHa/laH Maijja 60JIFaH Cylek TiHiH KepceTe/i.
Cy#iek keMmicTiri alMaFbIHJ@ >KaHAJAaH Makja 6oJIFaH
CyHeK apKaJbIKTapbIHbIH caHbl KeIl. C xaHe D - Masson's

TankbL1ay

AnnoTpaHCIIaHTAHTTAP/bl AalbIH/Iay 6GapbIChIH/A
OH/JIey TEXHOJIOTHUSICbI MeH dJicTepi AypbIC caKTajfaH
6oJsica, [JalblHJAJFaH a/JIOTPAHCIVIAHTATTap CyHek
aKayJiapblH aJMacTbIpy/iblH >XaHa MYMKiHZiKTepi 60./1ybl
MYMKiH. ByJ1 91iCTiH apThIKIIBIJIBIFbI - OH OCTEOUHYKTHUBTI
J)K9HE OCTEOKOHJYKTHUBTI KacueTTep, Gipak afF3afa »aT

42

trichrome cypeTTepi kaHa1aH naiiia 60JIFaH CYHeK TiHiHiH,
WHTErpanusachl, peMUHepaJu3alUsChl >KoHe JeHreseK
KaJIBIITACybl 6ap aaorpadTThl OH KalTa Kypybl KepiHe/i.
Axkay opHBI peTci3 TypZie OpHa/lacKaH CyHeK apKaJbIKTaphbl
MeH ChIMZIAp TYPiH/le YChIHBIIFAH jKaHalaH an1a 60JIFaH
Cy#eK TiHiMeH >Ka0Obl/IFaH.

06'beKT 60J1a OTBIPHIN, aF3aZjaH 6ac TapTyFa KoOHE TOMEH
oCTeoreH/lik 6esiceHiNniKKe aKeayi MyMKiH [14-17].

3aMaHayd TEeXHOJIOTHUSIHBIH, JlaMybIMeH ecy
dakTopIapbIHbIH K9HE CYHeK aKay/apblH ayblCTbIPY/bIH
»KaHa TypJepi oiyan TabbL1Abl. By 63 keserinje emaeyae
»)KaHa MYMKIH/JIKTep ala/bl.
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’Kannel cyllek akayblH KalWTa Kypyra BMP-2, PRP
KoHe 6UchocHOHAT KOMOUHALUSACBIHIAFDI a/IOrPadThIH,
9CePiH rMCTOJIOTUSAIBIK, PEHTTEHOJIOTUAJIBIK, KIUMHUKAJBIK,
GarajiayJjaFbl 3epPTTEY/AIH LIeKTey/epi HaKThl YCbIHbICTAP

KOopbITBIHABI

CoHbIMEH, CyHeK aKaysaphbl aJ1i e KypJesi Macese
60JIBIN TA6GBLIA bl YKOHE OJIaP/bl eM/IEY €19yip KUbIH/bIKTAP

)KacayFa KeTKinikcis 6GoJsibin Kasa Oepeni. Opi Kapai
coliKkecTeHZipy YWIiH ipikTeMe KesieMi YVJiKeHipek Kken
OpTa/lbIKTbl K9He MPOCIEKTHUBAJBIK CaJbICThIPMasbl
3epTTeyJiep XYPrisy KaxeT.

Kapxbu1anasIpy. CbIpTKbI Kap>KbLJIAHABIPY KO3ep
JKOK,

TyFbI3a/bl. CbIHU eJilIeM/Jeri cylieKk aKayblHbIH He eKeHiH
aHbIKTAayFa >K9HEe OHbl eM/Jiey OGOMbIHIIA YChIHBICTAP
»KacayFa MyMKiH/Iik 6epeTin ceHiMAi fepekTep koK. Kasipri
yaKbITTa eMJey »Ofapblla KepCeTiJreH NPUHLUNTEPAl
caKTall OTBIPbIN JHE KOJDKETIMJI HyCKasap/bl HaKTbl
Garajay cumarraMachl Kepek. bi3giH TycinHirimizai
TepeHJeTy »oHe eM/ey HOTHXKeJIepiH )KaKcapTy YIUiH OCbl
caJlaia KOCbIMILIA 3epTTeyJiep KOKeT eKeHi aHbIK.

ABTOpJ/1apABIH, KOCKAH yJeci: KoHuentyanb3anus
- TB.E, Tekcepy - K.A.A,; pecmu tanpay - KTHU, CAM,
J.M.K,; a3y (TynHycka xo6a) - .4.M.;

Bapsblk, aBToOpJIap KOJKa36aHbIH,
HYCKAacbIMeH  KeJiicil, aBTOPJBIK  KYKBIKTbI
dopMacbiHa KOJT KOUABL.

COHFBI
6epy

Myaaenep KaKTBIFBICBL. Makajia aBTOpJiapbl
MYAJeaep KAKThIFbICBIHBIH }KOKTBIFbIH MaJIiM/Ie /.
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Pe3omMme

Jedpexmbl Kocmetl, 8bI136aHHbIE OMKPbIMbIMU NEPEAOMAMU, OHKOA02UYECKUMU 3A60/1€8AHUSAMU U XPOHUYECKUM 0CMeoMUeaUmoM,
ocmaioomcsi akmyaabHol npobaemoll 8 mpagmamosio2uu U opmoneduu. B nHacmosiwee epemss 8 mpasmamo.io2uu 6vl10 pa3pabomaHo
MHOJCeCmeo 3KcnepuMeHmasnbHulx Modesell depekmoa kocmell y 1a60pamMOPHbIX HCUBOMHbBLX. Ucnoab3yst Mupogoll onvlm, Mbl pewusu
UCno/16308ams Wab10H 0151 KpOAUKO8, Ymobbl co30amb obpasey dedhekma Kocmu U 3aKpblms e2o.

Leavto uccnedosaHusi si8asemcsi nposedeHue KAUHUYECKO20, PeHM2eHO0/102U4ecKo20 U 2UCMO102UYecK020 aHAAu3d pa3Au4HbIX
06pasy0s NOKpbIMusi NOPOKO8 Kocmell y 6ecceMHHbIX KPOJAUKOB.

Memoodbl. Bce uccaedosanusi npogoduauchk 8 coomeemcmeuu ¢ mpebo8aHusMu KoMuccuu no 6uoamuke. JlaGopamopHbsie
uccsnedosanusi nposoduauch Ha 60 kpoaukax 6e3 kocmoyek. OHU Oblau cAYy4aliHbIM 06pa3om pazdeseHsl Ha 2 zpynnbl. Kpoaukos codepaicanu 8
cneyuanau3upo8aHHOM 8UAPUU C BeHMUASYUEL, memnepamypoti U 81axcHOCMbl0. JIa60pamopHbIX HCUBOMHBIX NOMEWAAU 8 CheyUuadabHble
Kaemku no 2. Bce Xupypauyeckue gmewamenbcmea npogoduaucb nod obuum Hapkozom. Coenan xupypauveckuli docmyn no HapysicHol
nosepxHocmu npagoti cpedHell JHcUAKU. Y 8cex HUBOMHbIX degheKm, C8s13aHHbII ¢ 2pynnotl, 3anoiHeH pakmopamu pocma u 6ucghocghoHamonm.

ﬂpoqecc 3ano/IHeHuss U eoccmaHoss/1eHuUs 6e¢e;<ma oyeHusa/anu K/AUHUYECKUM, peHmeeHOo/102uYecKuM, cucmosiocu4eckum u
cmamucmuyecKkum Memooamu.
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Pesynbmamul. Huskas dgueamenbHas akmusHocmb Ha6.1100a1ack 8 meyeHue nepablx 08yx dHell u3-3a paHHell cmaduu onepayuu. Bo
8peMmst 8bIHYHCOEHH020 08UMNCEHUS! KPOAUKU XPOMAAU HA OMeNeHHYI0 CMOPOHY U 4acmo npo8oouau MHO20 8peMeHU 8 cudsideM NnosA0HceHUU.
Bo epems susyaabHo20 ocmompa Ha6100a1ack nomepsi annemuma, 06wast ¢21a60cmbv, HO NOKA3AHUSL MeMnepamypb!l 6blAU HOPMANbHLIMU
¢ Hauana HabadeHus: 00 UCKAK4eHUsl u3 skcnepumenma. OyeHKa peHmaeHo102u4eckoll KapmuHbl 06pa308a8UWUXCsl 06paA3Y08 KOCMHO20
degpekma uepe3 14 duell y 2 epynn Hab61100a1ach 8bIPANCEHHAS] NepuocmMaabHasl peakyus. B meuenue 14 cymok nocsae xupypauyeckozo
JleveHust 6bL1a paspabomaHa cpagHUMe lbHAsl XapaKkmepucmuka 2ucmo/102u4eckux UsMeHeHUll 8 KOCMHOU MKaHU. [151 0YeHKU KAemoYHo20
cocmaga mamepuas OKpawueaom 2emMamoKCUAUHOM U 303UHOM NO CMaHOapmuomy memody. [as a2ucmosozuyeckoll dugpepenyuayuu
K/eMOYHbIX U HEK/1eMOYHbIX 3/1eMeHMO08 c0edUHUMeAbHOU MKAHU 6bL10 NPO8edeHO MPUXpPOMHOe OKpauugaHue no MaccoHy, Ymo no3eoau10
oyeHumb npoyecc gubposa.

Buigodbl. [lopoku passumusi kocmel No-npejcHemy s8510Mcsi cepbe3Holl npobieMoll, U UX JeyeHue 8bl3bledem 3HaYUMeAbHble
mpyoHocmu. OuesudHO, YUMo Heo6X0dumbl dasbHeliuue uccaedosaHus 8 amoll obaacmu, Ymobbl yaaybums Haule NOHUMAHUE U yayvuums
pesy/ibmamel Je4eHusl.

Karuesvie cnoea: dedhekmubl KOCmHOU MKaHU, nepeaombl, dAUHHbIe mpy6uamble KOCMU, J0%4CHbIe Cycmagyl, pakmopsl pocma, BMP,
PRP, 6ugpocponam.

Comparative Assessment of Bone Defect Remodeling Using Bone Tissue Growth Accelerators in a
Laboratory Animal Sample in the Early Stages
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Abstract

Bone defects caused by open fractures, oncological diseases and chronic osteomyelitis remain an urgent problem in Traumatology
and orthopedics. Currently, many experimental bone defect samples have been developed in laboratory animals in Traumatology. Using world
experience, we decided to use a pattern that is made on rabbits to create a pattern of a bone defect and cover it.

The purpose of the study is to conduct clinical, radiological and histological analysis of various samples of bone defect coverage in
seedless rabbits.

Methods. All research was carried out in accordance with the requirements of the bioethics Commission. Laboratory research was
carried out on 60 seedless rabbits. They were randomly divided into 2 groups. Rabbits were kept in a vivarium with specialized ventilation,
temperature and humidity. Laboratory animals were placed in special cages from 2. All surgical interventions were carried out under general
anesthesia. Surgical access was made to the outer surface of the right midsection. In all animals, depending on the group, the defect is filled with
growth factors and bisphosphonate.

The process of filling and restoring the defect was evaluated by clinical, radiological, histological and statistical methods.

Results. Due to the early stage of Ota, low motor activity was observed in the first two days. During forced movement, rabbits limped
to the operated jaw and often spent a lot of time in a sitting position. During the visual examination, decreased appetite, general weakness
were noted, but the temperature indicators were normal from the beginning of the observation until they were excluded from the experiment.
Evaluation of the Radiological picture of the formed samples of bone defects after 14 days, a pronounced periosteal reaction was observed in
2 groups. A comparative description of histological changes in bone tissue within 14 days after surgical treatment was made. To assess the cell
composition, the material is colored with hematoxylin and eosin according to the standard method. For histological differentiation of cellular
and non-cellular elements of connective tissue, Trichrome staining was performed according to Masson, which made it possible to assess the
tendency to fibrosis.

Conclusion. The bottom line is that bone defects are still a serious problem and their treatment presents considerable difficulties.
Obviously, more research is needed in this area to deepen our understanding and improve treatment outcomes.

Key words: bone tissue defects, fractures, long tubular bones, false joints, growth factors, BMP, PRP, bisphosphonate.
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Pe3ome
B Hacmosiwee epemsi ocmaemcsl akmyabHbIM 80npoc eyeHus: dedpopmayuli 2pyoHoll kaemku 8 eudy ux 8apuabesbHoCmu.

Llesb uccnedosanusA: NpoaHaAU3UPO8AMb pe3y1bmamsl JAe4eHuUss NayUeHmMos ¢ pasAuvHslMu dedhopmayusmu pyoOHolU KaemKu 3a
nepuod ¢ 2010 no 2022 200bL.

Memodvl. 3a nepuod ¢ 2010 no 2022 200vt 8 omdeseHuu opmoneduu N°2 HayuoHaabHO20 yeHmpa mpasmamoio2uu u opmoneouu
umeHu akademuka H./]. BamneHoga 6bl10 npoonepuposaHo 347 nayuenmos c¢ depopmayusmu 2py0HOU KaemKu: ¢ 80POHKOOOPA3HOU
degpopmayueti - 230 nayuenmos (66,3%), ¢ kusesudHoli degpopmayueti - 70 nayuenmos (20,2%), ¢ AokasbHbIMU dehopmayusimu — 15
nayuenmos (4,3%), ¢ cuHopomanvHbiMu namoaozusamu — 10 nayuenmos (2,9%), ¢ peyudusamu 8opoHKoobpasHol depopmayuu 2pydHol
Kaemku - 22 nayuenma (6,3%). Cpednuii sospacm nayuenmog cocmasua 18+2,4 sem. Cpedu cuHOpomasbHbIX opM 3a601e8aHuli, npu
Komopblx ecmpevaromces degpopmayuu 2pydHoll Kaemku 6bLaU nayueHmsl ¢ cuHopomom Ioaaunoa u cunopomom MapgpaHa.

Pe3ysabmamul. [layuenmam ¢ 80poHK006pasHol deghopmayuetl epyoHoll Kaemku 8 gozpacme 0o 16 siem npusodusacs omkpsimas
mopakonaacmuka no Nuss, nayuenmam cmapwe 16 nem - mopakonaacmuka no Ravitch ¢ ycmanoekol cmepHO-KOCMAAbHOU NAACMUHbL.
TayueHmam ¢ Mamy6puOKOCMaabHLIM MUNOM Ku/iesudHol dehopmayuu npogoduaac omkpbimas mopakonaacmuka ¢ Koppuaupyrowet
ocmeomomuell zpyduHul u nocaedyiowell ee @dukcayueli 640Kupyemou naacmuHol, ¢ KOPNopoKOCMA/AbHbIM MUNOM - OMKpbIMas
mopakoniacmuka 6e3 Ucho1b308aHUs MemaanokoHcmpykyutl. llayuenmam ¢ AokaabHuiMu dehopmayusmu 2pyoOHOl KaemKu, a makice
nayueHmam ¢ cCuHopoMaabHbIMU NAMO/I02USIMU NPOBOOUNACL OMKPLIMAs MOPAKONAACMUKA € yCMAHOBKOU ChUYe-pamMo4HbIX KOHCMPYKYuUl.
Iayuenmam ¢ peyudusamu 80poHK006pasHolU degopmayuu epyoHol KaemKu npogoduadct 0OmKpblmas mopakonaacmuka ¢ yCmaHosKol
cmepHo-KocmaavHol naacmuHbl. CpedHsisi npodoaxcumesbHocmb 2ocnumaauzayuu cocmasuaa 7,2+1,4 cymok. l'emomopakc nabarodancs
¥ 25 (43%) nayuenmos, & 10 (2,9%) cayuasx nompebosasoce dpeHuposaHue naespaabHol nosocmu. [IHeemMomopakc duazHocmuposeaH
y 11 (3,2%) 6oabHbIX, 8 €853U C YeM 803HUK/AA HE06X00UMOCMb 8 NOCMAHO8Ke OpeHax a 8 N/1espaabHy noaocme. CMeweHue nAacmuHbl
Habadanocw y 1 (0,3%) nayuenmos. YcmaHosieHHble Memaan0koHcmpyKyuu 6ulau ydaaenst y 200 (57,6%) nayuenmos. Cpedruil cpok
HaxodscdeHust naacmuHul cocmaensin 24,4+4,5 mecsiyes. Xopowuii kocmemuyeckuil pesysbmam nojayyeHy 95% 604bHbIX.

Bv16odbl. Takum o6pasom, sieyeHue pasaudHblx degpopmayutl epydHol kaemku mpebyem uHOU8udyanbHo20 nodxoda JiedeHusl.
Paspabomannulii Hamu dug@depeHyuanbhbili N00Xod K JieHeHU0 Moxcem CyujecmeeHHo NoOMoYb 8payy ¢ onpedeseHueM Makmuku Je4eHust
motl uau uHotl degpopmayuii epyoHol KaemKu.

Koyesvie cnosa: degpopmayus epyoHoll kaemku, mopakonaacmuka, cunopom Iloaanoda.
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BBeaeHue

BpoxxeHHble JebopManiid  TPYAHOW  KJIETKH
NPeCTABJISIOT MHUPOKUH CHEKTP aHOMaJu{ pPa3BUTUSA
IPyAUHO-pe6epPHOro KOMIIJIEKCA C OTHOCHUTEIbHO BBICOKOH
yacToToW BcTpedaeMocTd (1-4%) u yacto Tpebyromue
BBIITOJTHEHHSI OTIePAaTUBHBIX BMelIaTeabCTB [1-3].

Cpeznu Bpoxx/ieHHBIX JledopMaluii rpyAHON KIeTKH
90% cocTaBJsAIIOT BOPOHKOOOpasHbie U 8% KUJIEBU/IHbIE
nedopmanuu. Cuaapou [los1aHa, BpoxkAeHHAs paciienHa
TPyAMHBI W HU30JIMpPOBaHHble JAedopManuu  pebep
Hab.roa0TCs B 2% ciyvaes [4].

BopoHkoo6pa3Has aedopmanusi IpyJHONU KJIETKU
(pectus excavatum) — MHOpPOK pasBUTHs, NMPU KOTOPOM
HabJIl0laeTCsl 3anajieHue IPYAMHbI U NEePeJHUX OT/Ae0B
pebep U KOTOpPbIA cOmpoBOXKJaeTcsd QYHKIMOHAJbHBIMU
HapylleHUssIMA paboTbl [JbIXaTeJbHOH W CepAedHo-
cocynuctot cucteMm [5]. [laHHasa gedopmanus rpygHOU
KJETKH  sBJsieTcs  HauboJsiee  PACHPOCTPAHEHHbIM
nedextom rpygHoi kseTku (90% U3 Bcex ciy4yaeB
BpPOXK/IEHHBIX IOPOKOB I'PYIHOU KJIETKH) [6].

KuneBuznas gedopmanus rpyJHON KJIeTKH (pectus
carinatum) OposiBJAsieTC B PasjJMYHOM IO CTeNeHH U
KOHQUrypallMM BBICTOSIHUU IepeJHed TIPyJHON CTEeHKH,
KOTopoe OObIYHO HayuHaeTcs ¢ ypoBHs Il pebpa, HO
WHOT/la 3aXBaTbIBaeT U PyKOSATKY I'PYAUHBI [7].

Ilo CyllecTByOLlel Ks1accupuKanuy,
npeJJloKeHHOH BaupoBbiMm ['A. u @okuHbiM AA.
pas/iyaloT ciejyloliye 3 TUIa KUJaeBUAHON fedopManuu
IPYZAHOH KJIETKH: MaHyOpHO-KOCTAJbHBIHA, KOPOIIOPO-
KOCTaJIbHbIH M KOCTalbHbIA.  MaHyGpPHOKOCTaIbHBIN
TUn AepopMaluy NpescTaBaseT cO60M HajW4ue U3ruba
pykosaTku rpyauHbl Bnepen u II-III peGepHbIX XpsiieH.
MeueBUAHBI OTPOCTOK M TeJO TPYyAHHBl CMelleHbl
k3agau. [lpu Kopnopo-KocTaJbHOM THIlE JebopMaluu
IpyAMHA WM JAyrooGpa3Ho BbIrM6GaeTcs BIEepes, WU
HallpaBJleHa KOCO BHM3 U BIlepeJ, 1O NPAMOH JIMHHMU.
Pe6pa B XpsleBbIX OTJe/JaX 4acTO UMEIT HCKPUBJIEHHE
BOBHYTpb. KocTa/bHBIA THUI XapaKTepHU3yeTcs H3rn6oM
peGepHbIX xpsuled Brnepen. ['pyauHa HCKpUBJIEHA
HeCWJbHO. 3MeHeHUs1 MOTYT ObITb CHMMETPHYHBIMH U
accuMeTpUYHbIMU [8].

Cungpom Ilonmanpa - peakudl  BpPOXKJEHHBIN
CHUH/JPOM, XapaKTePHU3YIOINHCI YaCTUYHBIM U MOJHBIM

MaTepl/IaJ'lbl M MEeTOoAbl

3a nepuog c¢ 2010 nmo 2022 ropa B OTAeJIeHUU
oproneguu Ne2 HanuoHa/lbHOTrO LieHTpa TPaBMaTOJIOTUHU
M opTomeAuyd MMeHHU akajemuka H./[. batmeHoBa 6bli10
npoonepupoBaHo 347 mnagueHTOB ¢ JedopManusamu
IPYHOM KJIETKU: C BOPOHKOOOpa3HoU Jiepopmarueit - 230
nanueHToB (66,3%), c kuaeBuAHOU Aedopmanueit - 70
nanueHToB (20,2%), c okaabHBIMU AedopManusamu — 15
nanueHToB (4,3%), ¢ CUHAPOMaJbHBIMU MATOJIOTUAMHU —
10 mauueHToB (2,9%), ¢ penuauBaMu BOPOHKOOGpa3HOM
nebopMaluuu TPyAHOU KJeTKH - 22 manueHTta (6,3%).
CpelHUIl BO3pacT MNALMEHTOB cocTaBua 18+2,4 et
BosbHbIX co Il cTeneHblo BOpoHKOO6Gpas3HOU AedopManuu
rpyaHoit kjeTku 6bwio 117 (50,9%), c Il creneHsbio
BOpPOHKOOGpa3Hoi gedpopmanuu - 113 (49,1%). BosbHbIX C
MaHYOGPHUOKOCTAIbHBIM TUIIOM KUJIEBUAHOU AedopManuu
rpyAHod kjaetku - 5 (7,1%), 65 nauuentos (92,9%) c
KOPIOPOKOCTaJbHbIM TUNOM. Cpeau CHHJpPOMasbHBIX
dopM  3abosieBaHUM, MNpPU  KOTOPBIX  BCTPEYAITCS
AebopMauuu TPYAHOM KJIETKU ObLIM MALUEHTHI C
cunapomoM Ilosanga u cuHgpomoMm Mapdana. [lusaiH
HCCJIe[JOBaHUA — C1ydyall KOHTPOJIb.

OJJHOCTOPOHHHM OTCYTCTBHEM OOJIBLION IPYHON MBIIIIbI
U BPOXJEHHBIM NOPOKOM PAa3BUTHUS KHUCTHU CO CTOPOHBI
MOpPXKEHUsT TPYSHOHN kaeTku. Takke MOTryT OBITh
aHoMaJnu pebep (amrasus WM CUNONJIA3UsA) U TPYAUHBI
(kmieBUJHas WJM  BOpPOHKOOGpasHass Jedopmarius),
KOTOpble OTYETJINBO MHaJBbIHPYIOTCS BBUJAY HCTOHYEHMUS
MOJIKOXKHO-)KUPOBOTO cJ1osl. YacTo Mpu JaHHOM CHUHApPOME
MMEIOTCS aHOMaJIMd COCKOBO-apeoJsIIpPHOTO KOMILIEKca.
JledekThl rpyAHON KJI€TKH O6BIYHO HOCAT KOCMETHYECKUN
xapakTep. MyXCKOH TMoJI TpeBaJupyeT HaJ KEHCKUM
B COOTHomeHuW 2-3:1, mo YacTtoTe mpeobsagaeT
NpPaBOCTOpPOHHee TMopakeHWe. Ha fmaHHBIE MOMeHT
o6LIenpUHATON Teopuel pa3BuTus cuHApoMa [losaHga
SBJISIETCSl HapyLIeHWe KPOBOTOKA IO MOJAKJIOYHMYHOH U/
WJIM [T03BOHOYHOU apTepHUsIM U UX BETBSIM Ha 6-U HeJese
BHYTPUYTPOGHOTO pa3BUTHA. BBuay mnonumopdHOCTH
MPOSIBJIEHUH CHH/JIpOMa CylLeCTBYeT MHOXKECTBO MO/JXO0/[0B
K 06beMy M CpOKaM OIEepaTHBHOM KoppeKuuu. B crarbe
Mbl NPOAHAIM3UPOBAIN JAaHHbIE 10 3THONATOTeHE3y
W KJIMHUYEeCKOW KapTHHe cuHApoMa [lonaHpma, a Takke
no cmnocobaM Xupyprudeckoro JedeHus. Yacrora
BCcTpeyaeMocTH cuHApoMa [losanza cocrasaser 1 ciaydyai
Ha 10-100 Tricsy yesioBek [9,10].

Penuaue pedopmanuil TpyJHBIX KJIETOK HMEKT
MeCTO ObITb. PeluauBbI JIOKaJbHBIX WU KUJIEBUJHBIX
nedopMalui PyAHBIX KJIETOK HAaMHU He HabJ110ja1ock. [Ipu
3TOM pelUJUB BOPOHKOOOpPasHOW AedopMaluy TrpyAHON
KJIETKH KaK 0CJI0KHEeHHe I10CJIe IEPBUYHOT0 ONTepaTUBHOTO
JledeHHUs 10 JaHHBIM aBTOPOB cocCTaBJjsieT oT 5 0 10%.
[IlpyyeM pHCK peLHAUBA 3aBUCHUT OT OINEPATHBHOIO
noco6us. B 4acTHOCTH, YacTOTa PEeNUAUBOB IIPH Ollepaluy
no Ravitch mens1e, yem npu onepanuu Nuss [11-13].

B Hacrosiliee BpeMs OCTaeTCs aKTyaJbHbIM
BOIPOC JieueHus JepopMaliii TpyHON KJIETKH B BUAY UX
BapuabesbHOCTH.

llenblo  [aHHOTO  HUCCIAEOBAaHUSA  SIBJISETCS
BbISIBJIEHHE HaWJIY4LlIed TAKTUKH JIeUeHHUs TPU Pa3JIMUHbIX
TUnax gedopMal iy rpyJHON KJIETKH.

HakansMBasi ONBIT KaK KOHCEPBAaTHBHOIO, TakK
U OIepaTHBHOIO JIeYeHHUS MALUEHTOB C PAa3JIMYHbIMHU
BUJaMHU JlepopMalUil TpyAHON KJIETKH, U POBE/s aHAIN3
CYLIECTBYIOLMX KJacCUPUKALMK, HAaMU ObLJI NpeAJIOKEH
cneayomuii - auddepeHUATbHBIA  MOAXO[ — JIeYEHUS
JaHHbIX AedopManuid. Bce marnueHThl ¢ AedoMpanusiMu
IPYAHOM KJIETKHW ObLIM pa3jesieHbl HaMu Ha 5 rpynn
(Pucynok 1).

B nmepByro rpymnmy BOLIM  HALMeHTbl C
BOPOHKOOGpa3Hoi JAedopmanuedl rpyaiHoM kieTkd 1,
2, 3 creneHeil. CTeneHb JedopMalyU BBICUUTHIBAJIACH
nyTeM ompejiesieHuss uHAekca [annepa [14]. [lauueHTam
C BOPOHKOOOpa3HOU JedopMaunueid TrpysHOH KJETKU
B Bo3pacTe J0 16 JleT MNpUBOJUJIACHE OTKpbITAs
TOopakoIlacTuka no Nuss, nmauveHTaM crapue 16 Jer
- TOpaKOIJIaCTMKa Mo PaBU4Yy C ycTaHOBKOH CTepHO-
KOCTaJIbHOM MJIaCTUHBL.

[IpoTokos  ucciefoBaHUs  ObLIO  0JOGpPEHO
JlokasibHOW KOMHCCHEH Mo 6H03THKe HaluoHaabHOrO
Hay4yHOTO LEHTPAa TPAaBMAaTOJIOTUHM U OPTONEAUH HMeEHHU
akagemuka H./l. bBatnenosa 19.10.2021 r., Ne4.

47




Traumatology and Orthopaedics of Kazakhstan, Volume 3. Number 74 (2024)

e

KoHcepsaTHEHOS

1 1 cTreneHb NedYeHne Fan——————
i ( ) TopaxkonnacTMka
f Rl ™) | flo 16 net | no Muss
T Befopmaums — 2 cTeneHs X e e
‘ rPYOHOW KAETHH By ECH0e |
nedyeHue Ty
| P—
—| 3cTeneHb 1 MNocne 16 net | lopako e
J ne Ravitch
KoHcepsaTHeHOE 2
NeYeHne 4 ) BCTHI
Rinesnakan MaHyBpuorocTansHBIR fanaonn Ea
| medopmaly € OCTECTOMMWER
u

TRYBHOM KNETHA ‘\‘ Xupypruyeckoe

',:_I:f_" \

THNO

nNeyeHue p
3 ‘ KopnopouomeHuu " nnnn i
g ; KOCTE/IbHBIA THI ] T
-
5 HoHcepeateHOE
=§ . nedeHme
MNoxanbHaa e
g,
E- - XHDYPrieckoe TopakonnacTHka
% NEYeHUe
=
j=
=]
L i HMHOMBEMOY
¢ EWOYaNbHOE
=t Peumaus XMpYprudeckoe
o AMPYPTHYECKDE
Aehopraumn neveHME e
- - b /
P 1
A —— TopaxkonnacTuka
BopoxkooOpazHa 1 Ao 16 net oy ==
¥ oA nedopMaLas . L
/ - p—t
HacneactseHHan TEUVIOM KACTHIA 1 B e l_‘ TopaxonnacTuKa ‘
L NaTonorMa kTl | no Ravitch
h Jlokansxan _‘ TopakonAacTuKa |
nedopmayma e

PucyHok 1 - [JupgeperyuanbHuiii nooxod severus degpopmayuil 2pyoHoll Kaemku

Bropas rpynna npejcraBisia co60i manueHTOB
C KuJeBUAHOW Jedopmanued rpygHOH KJeTKH. B
3aBHCUMOCTH OT THUMNA JedopMalvy JaHHAsA IPyIa Takxke
nozApaszessaiaachk Ha 3 MOArPYNNbI: MaHyOPHOKOCTAIbHBIH,
KOPIOPOKOCTAJIbHBIA M KOCTAJIbHbIM THIBL B ciyyae
MaHyOPHUOKOCTQJIBHOTO M KOPHOKOCTaJIbHOI'O  THIA
BBICYUMTBIBAJICA yro Jlplouca (yroys Mexzay PyKOATKOH U
TeJIOM TPyJUHBI, B HOPMe BeJIMYMHA yIJ/a cocTaBsgeT 145-
175rpagycoB)[15-19].[TanuenTaM c MaHyGPUOKOCTAJbHBIM
THUIIOM KHUJIEBUJHOH AedopManvy NpoBOAUIACh OTKPBITas
TOPaKOMNJIACTHKA C KOPPUTUPYIOILEeH 0CTEOTOMUEH IPYANHBI
U nocsieymouiel ee pukcanyei 6J10KUpyeMoH IJIAaCTHHOH, C
KOPIOPOKOCTA/IbHBIM THUIIOM - OTKPbITAsl TOPAKOILJIAaCTHKA
6e3 MCI0JIb30BaHUA METAJIOKOHCTPYKLHH.

B TpeTbio U YeTBepHYyIO IPyNIbl BOLJIU NaldeHThbl

C JIOKaJbHbIMU JlepopMalUsMU TPYAHOH  KJIETKH
Pe3ysibTaThl
CpellHsIsT TNPOJOJDKUTENbHOCTh TOCIUTAJU3ALUU
MnalnyeHToB cocTaBUJIa 7,2%1,4 CYTOK. CpenHee

BpeMsl ollepallud  Opu omepayuu Nuss COCTaBUJIO -
92,145,4 MuHyT; npu omnepayuu no Ravitch mo moBogy
BOPOHKOOGpasHoi JedbopMauuu Tpyaod KJIETKH -
121+8,7 MuUHYT;, npUd oOllepallUd N0 NOBOAY KOPpPEeKLUHU
KWJeBUJHOU JedopMalnuyd TpygHOH KJeTKH - 57%5,6
MUHYT; TpU XUPYPruU4ecKol KOppeKIUH JOKaJIbHbIX

48

(BpOXXZEHHOTO U NPHOGPETEHHOro reHe3a) W NalUeHThI
C CMHJPOMaJIbHBIMU NATOJIOTUAMH, TAKUMHU KaK CUHJADPOM
Mapdana u cunzgpom Ilonanga. /laHHBIM TanUeHTaM
IPOBOAUJIACH OTKpbITasi TOPAKOIJIACTUKA C YCTaHOBKOH
CHHLle-paMOYHbIX KOHCTPYKLUH.

B nsTYI0 rpymnmnbl BOILIKA HAl[HEHTBI C PEIiUUBaMHU
BOPOHKOOGpa3HoW  JedopMamuud  TPYyJHOU  KJIETKH.
[lanpeHTaM C pelruJMBaMU BOPOHKOOOPa3HOU iedpopManuu
IPYZHOM KJIETKU MPOBOMUIACH OTKPbITAsK TOPAKOILJIAaCTHKA
C YCTAaHOBKOM CTEPHO-KOCTa/JbHOM IJIaCTUHBI.

Hamu oneHuBanuch JydlleBble MHAEKCHl (MHAEKC
['ayepa) o U 1o oneparnuy, AJUTEJbHOCTb OIIEPATHUBHOTO
noco6us, a TakXKe HHTpaollepalOHHAast KPOBOIIOTEPSI.

gebopmauuil - 46+4,5 MUHYT; O NMOBOJY  peLUAUBA
BOPOHKOOOpasHoOU JAedopmanuu IPYAHOU KJIETKU -
132+10,3 MUHYT. JleTaJbHBIX UCXO/I0B He Ob110. [eMoTOpakc
Habuomanca y 25 (4,3%) mnauueHtos, B 10 (2,9%)
c1y4asx MNOTpe6oBajJoCh JpPeHUPOBaHHUE IJIeBpaJbHOMN
nosioctd. [[HeBMoTopakc aAuarHoctupoBaH y 11 (3,2%)
60JIbHBIX, B CBSI3U C 4YeM BO3HHUKJA HeOOXOAUMOCTDb B
MOCTaHOBKe JipeHaka B IJIeBpaJIbHYI0 0J10CTh. HarHoeHue
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[OC/e0NepallMOHHON paHbl HabuoAanock y 10 (2,9%)
nanveHToB. CMelleHHe IUIACTHHBI HabJwoganoch y 1
(0,3%) naueHTOB. YCTaHOBJIEHHbIE META/VIOKOHCTPYKI[UN
optn ypasnenbl y 200 (57,6%) nauueHTOB. YmajaeHue
METa/UIOKOHCTPYKIMHM  (CTEpHO-KOCT/IbHBIX  ILJIACTHH,
CNHIe-PaMOYHbIX KOHCTPYKLMH), yCTaHaBJIMBaeMbIX BO

BpeMs TOPAKOIJIACTUK MPOU3BOAUJIOCH B NMEPUOA OT 2 [0
4 net c MoMeHTa onepanuu. CpeJHUH CPOK HAXOXKJEHHUS
IUIaCTUHBI B 24,4+4,5 MecsaneB. Xopomni KOCMeTHYECKUH
pe3ysbTaT noJiydyeH y 95% 60J1bHbIX. KNIMHUYeCcKHe JaHHbIe
MaLMEeHTOB NpeAcTaBieHbl B Tabuue 1.

Tabauya 1 - KnuHuveckue daHHble yacmeyruux 8 uccaedosaHuu

Kunesunuas
BopoukoobpasHuas Jlorasnpuas Penmnuesr Hacnencrsennsie
lzmopaesei nehopManysi TPYIHOM KIIETKU LD s nedopmanyst nedopmanmit TIATOJIOTUU
TPYIHOUI KJIETKHU
230 70 15 22 10
Kommuecrso nanpentos MY JKEH MY JKEeH MY JKEH MY JKEeH MY JKEeH
176 54 50 20 12 3 18 4 4 6
ITocse
0 oIeparuu o ITocite
MNupexc Fannepa A paut onepanyun A
3,8+1,24 2,7+1,84 2,8+1,62
Kposonoreps 5o pes 400+50 200450 100450 50050 300450
onepanun
JlmuresIbHOCTD OITeparuu 121+11,4 85+5,4 45+5,1 151+10,3 93+12,5
T'emoropakc 15 5 1 4 0
[THeBMOTOpaKC 8 3 0 0 0
Harnoenus panst 4 1 2 2 1
Jluu rocinranusaum 7,6+0,98 6,5+0,56 5,6+0,74 8,4+0,94 6,8+0,85

[Ipy BOpoHKOOOpa3HOW JAedopMalUy TrpygHOU
KJIETKH 2 CTeNEeHU U BbIlIE, NPU HAJUYUU U3MEHEHUU U
»KaJ106 CO CTOPOHBI bIXaTeJbHON U CepAeuHO-COCYAUCTON
CUCTEMBI, @ TaKXKe IPU HAaCTOSTHUY NaLMeHTa Ha Ollepaluu

(B BHULY KOCMETUYECKOTO JedeKTa) Mbl MPOBOJUIU

KOppeKLHIo lepopMalLii IPyJHOH KJIETKH XUPYPrUYeCKUM
yTeM.

Pucynok 2 - llayueum M., 14 nem. [luazno3: BopoHkoobpasHas degpopmayusi epyoHoti kaemku 2 cmeneHu. A u b - enewnuii eud
nayuenma do onepayuu; B - penmeenozpamma 2pyoHoli kaemku nayuenma 0o onepayuu; I' u /] - penmaeHozpammul epydHol Kaemku
nayuenma nocae onepayuu; E - eHewHull 6ud nayuenma nocsae onepayuu

06beM XUPYPruyecKoro IMocobust MpH KOPPeKLUH
BOpPOHKOO6pa3HOW  JedopMalud  TPYAHOH  KJIETKH
Obly1  BapuaTUBeH. [lanMeHTOB C BOPOHKOOGPa3HOM
nedopmanyeid Mbl eJIMM Ha 2 NOATPYIIBI, MAlUEHTHl B
Bo3pacTe A0 16 j1ieT ¥ manueHThl cTapule 16 yeT. [lanueHTam
B Bo3pacTe 0 16 JileT Mbl peKOMeH/0BaIN NPOBe/ileHHE

TOPAKOILJIACTHUKH 110 MeToHKe NUsSS ¢ BUZIe0acCHCTeHIINEN.
[launeHtTaM mnocine 16 seT Mbl peKOMeHJOBaIU
XUPYyprudecKoe BMeIaTeTbCTBO OTKPBITHIM METO/I0M (Kak
MPaBWJIO: TOPAKOIJIACTHKA Mo Ravitch ¢ ncnosb3oBanueM
CTepHO-KOCTa/NbHOU mtacTuHbl) (Pucynku 2 u 3).
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Pucynok 3 - Illayueum T, 20 nem. [Juazro3: BopoukoobpasHas degpopmayus epyoHol kaemku 3 cmenenu. A u b - eHewHuil ud
nayuenma do onepayuu; B u I' - sHewHuli 8ud nayueHma nocse onepayuu.

Pucynok 4 - Ilayueum T, 15 nem. [Juazno3s: KusegudHas degpopmayus epyonoli kaemku. Kopnopo-kocmaavHuiii mun. Au b -
sHewH Ul 8ud nayueHma do onepayuu; B u I' - snewHutll 8ud nayuenma nocje onepayuu

OnepaTuBHOe  JledeHHEe  IIpU KUJIeBUJJHON
JebopManuu TPYAHOH KJIETKH 3aBHUCEJ0 OT THIA
nebopmanuu: npu MaHyOpPHUKOCTATbHOM TUIE

MPOU3BOJUTCA TOPAKOIJIACTHKA C pPe3eKlUel TIpyauHbl
Ha BepuivMHe JedopMaluy c nocaeaymoueid ¢ukcanuen

OTJIOMKOB  TPyAMHBI TpU  TNOMOLIM  GJOKHpPyeMOH
IJIACTHUHBI; KOPIMOPOKOCTAJIbHOM U KOCTAaJIbHOM THIIAX -
TOPAKOIJIACTHKA C MapacTepHaJbHOU pe3eknuend pebep u
Jenpeccuelt rpyauHbl (Pucynku 4 u 5).

PucyHok 5 - [layuenmka Y., 4 2oda. fluacrio3: KuaesudHas degpopmayus epyoHotl Kaemku. ManybpuokocmasavHwilti mun. Au b -
gHewHUll 8ud nayueHmxku do onepayuu; B u I' - sHewHuli 8ud nayueHmku nocse onepayuu

OnepaTuBHOe moco6ue cyry6o WHAUBUAYaAIbHOE
M 3aBUCUT OT 00beMa MNEPBUYHOTIO XHUPYPrHYECKOTrO
BMellaTesbCTBa. [IpeAnouyTeHuss Mbl OTJ@éM OTKPBITHIM
METOJJMKaM: TOPAaKOILIACTHKA C IOJHOW Mo6u/IM3anuen

IPYAHOM KJIETKH, HCCeYeHUeM pyOI0B, 06s3aTesbHOU
YaCTUYHOM pe3eKiyeil U KOCTOTOMUN edOopMUpPOBaHHbBIX
pebep C YCTAaHOBKOW CTEpPHO-KOCTaJbHOW IJIACTHUHBI)
(PucyHox 6).

PucyHok 6 - [layuenm A., 21 200. JuaeHos: Peyudus eopoHkoobpasHoll degpopmayuu epydHoll kaemku. BHewHull eud nayueuma
uepes 3 200a nocae koppekyuu peyudusa degpopmayuu
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B ciyyae  BbIpaXeHHOW  BOPOHKOOOPA3HOU
JfedopMalMy Mbl IpeJijiarajy ee KOppeKIHIo I0CpeCTBOM
omepanuu mno Ravitch ¢ wucnonb3oBaHueM cTepHO-

KOCTaJIbHOM IJIacTUHBI. Eciaum ke MMeeTcd JIOKaJIbHBIN

nedeKT rpyfHOH KJIETKH, TO TPOBO/MUJIACh TOPAKOIIACTHKA
¢ Mobuiusanued W aseBanued JedopMHUPOBAHHBIX

pebep M YCTAaHOBKOH CYGKOCTAJIbHOWU CHHIE-PaMOYHOUN
KoHCcTpykuuu (PrucyHok 7).

PucyHok 7 - [layueum H., 8 niem. [luaeHo3: Cundpom Iloaanda. A u b - sHewHuli 8ud nayueHma do onepayuu; B - penmeenozpamma
2py0Holl KemKu noce onepayuu, Ha KOmopol ommeyaemcsi cnuye-pamo4Has Koncmpykyus; I' - eHewHull 8ud nayueHma nocje onepayuu

06cyxaeHune

TFemoTtopakc Hab6swgancsa y 15 (6,5%) nauueHToB
C BOpOHKOOGpasHoW Aedopmanued IrpyJHOHU KJETKH, B
10 ciy4asx noTpe6oBasoch JpeHUPOBAaHUE IJIEBPAJIBbHON
noJsioctu. [THeBMoTopakc auarHoctupoBaH y 8 (3,4%)
GOJIbHBIX, B CB3M C 4eM BO3HHKJIA HE0OXOAMMOCTb B
YacToTa pa3BUTHS reMOTOPAKCa y HalllUX NALMEHTOB ObLJIO
HECKOJIBKO BBILIE, YeM Yy 3apyOeKHBbIX HCC/Ie/loBaTeseH,
rie B CepAHEM 4YacTOTa BO3HUKHOBEHHMS TreMOTOpaKca
coctasiset 2,4% , nHeBMoTOpakca - 1,7%, UHGEeKLIMOHHbBIX
OCJIOKHEHUH 110C/IeonepaliOHHON paHsl - 2,4%, cMelleHUs
MeTaJJIOKOHCTPYLuH — 4,6% [20].

[Ipy HeBblpakeHHOM JedopManUM KHJIEBUAHOH

fedbopMalMyd TPyJHOW KJIETKH, OTCYTCTBHUU 3Kajo0
CO CTOPOHBI OpraHOB TPyAHOHW KJETKH MNalyeHTaM
npejJaralocb ~ KOHCepBaTHBHOe  JiedeHHe. O6beM
KOHCEpPBATHUBHOTO JIedeHUs BKJIIOYAET cebs:
dusmnoTepaneBTHYECKOE JIe4eHue, HOLIeHHe

CTATMBAIOIUX HAarpyAHbIX KopceToB, JI®K [21]. B ciyyae,
KOCMeTH4YecKoro JiepekTa Kak CJeJCTBHE BbIPAKEHHOU
fedbopManMy, HU3MEHEHMH €O CTOPOHBI  Cep/evyHo-
COCYZMCTOM M JibIXaTeJIbHOW CHCTEM, a TaKKe HACTOSHUU
nainyeHTa Ha OIepalydyd Mbl IPOBOAMM ONlepaTHBHOE
noco6ue gedpopManum.

B 3aBucuMocTH OT  CTemeHHU
BOPOHKOOGpa3HOW  gedopManuedl  rpyJHOH  KJIETKH
nagyMeHTaM  IIpeJJarajocb  KOHCEpBAaTHBHOE  WJIHU
omepaTuBHOe JiedeHue. [lpu pedopmanuu rpysHOH
KJIeTKH 1 W 2 cTemeHH, MOJIOJJOM BO3pacTe NalHeHTOB
(mo 14 seT) OTCYTCTBMM XKalo6 W H3MeHEHHH CO
CTOPOHBI [BIXaTeJbHOH W CEp/eYHO-COCYAUCTOU MBbl
peKoMeH/lyeM NpOBeJleHHEe KOHCEPBATHBHOTO JIEUYeHHS,
KOTOpOe BKJIIOYaeT B Cebs CaeAylolire MepONmpHUSATHA:
¢usuorepaneBTuyeckoe JiedyeHnue, JI®K (akueHT Ha
dbopMHUpOBaHME MBIIIEYHOTO KOPCETa W THUIEePTPOdUHU
IPYAHBIX MBILIIBI), KCI0Jb30BAHNE BAKYYMHOI'0 KOJIOKOJIA
[17-19].

[Ipy BOpoHKOOGpa3HOM pAedopmManuu TrpyAHOU
KJIETKU 2 CTENeHH W Bbllle, MPU HAJTUYUU U3MEHEHUH U
3KaJI06 CO CTOPOHBI JbIXaTeJbHON U CepAedyHO-COCYAUCTON
CHCTEMBI, a TAKXKE PU HACTOSIHUY NMalMeHTa Ha olepaluu
(B BuAy KocMeTHYeckoro JedekTa) Mbl MPOBOAWIN
KOPpEKIHI0 AeGpopMalvU IPYAHOM KJIETKU XUPYyPrudyecKUM
NyTeM.

nebopManuu

BbiBOABI

TakuM 06pasoM, JieyeHUe pa3IudHbIX AedopMaLuil
IPYAHOH KJIETKM TpebyeT HWHAMBUAYAJbHOIO I0AX0Ja
nedyeHus. PaspaboTaHHbll Hamu JAuddepeHLUaTbHBIN

PeunjuBa KuIeBUAHOW JedopMalMd HaMH He
Ha6urofasnock. emotopakc Habuwgancas y 5 (6,25%)
NallMeHTOB, IHEBMOTOPAKC JMAarHOCTUPOBaH y 3
(3,75%) 06OJIbHBIX, HarHoeHHWe TIOCJeoNepaluOHHON
paHbl Ha6awganock y 1 (1,25%) mauuenta. [lo faHHBIM
3apy6eXHbIX MCCIeJ0BaTeJed 4acToTa BO3HUKHOBEHUS
nHeBMoTopakca - 2,7%, UHQEKIUOHHBbIX OCJI0KHEHUU
nocJieonepanoHHoON panbl — 1,7% [22].

[TanyeHTHl € JIOKaJbHBIMU JedeKTaMU TpyAHOH
KJIETKH NIPe'bABJIAIOT Ka100b! 110 TOBOJY KOCMETUYECKOI'0
febexkra. XHpPYpPru4yeckyl  KOPPEeKLHIO  JIOKAJbHOU
JebopManuy Mbl NPOBOAWIM JIMIIb INPHU HACTOSHUU

NnangyveHTa. OHepaTI/IBHOG noco6ve 3aKJKYaJIoChb B
TOpaKoIlJIaCTUKe C MO6PIJIPI3€1L[PI€FI, napaCTepHaanoﬁ
pesexuneﬁ )4 JAOIIOJTHUTEJIbHBIX KOCTOTOMHUM

nebopMUpoBaHHBIX peGep. B ciyyae, ecnu JioKaJbHBIN
fedeKT pyJHOH KJIETKH MallMeHTa HUKAaK He OeCIOKOUT U
KJIMHUYEeCKH He NPOSBJAETCH, TO NAllMeHTy NpeJiarajoch
JIMIIb AMHAMHUYECKOe HabJIrojeHue.

Jleuenne naiyeHTOoB c penuuBaMu
BOPOHKOOOpa3HOW JedopManuu TIpPyAHOH KJETKH, MO
HallleMy MHEHMIO, J0OJDKHO ObITb JIMIIb ONepaTHBHbBIM.
YacTtoTa penuAMBOB BOPOHKOOOpasHOW aAedopmanuu B
HallleM HCCJIe[OBaHUM cocTaBasaa 6,25%. Ilo maHHBIM
3apy6eXHbIX aBTOPOB B CpeJHEM 4YacTOTa IOBTOPHBIX
BMellaTeJbCTBO M0 MOBOAY PEliUAUBOB COCTABJIAET OT 2 10
37% [23-25].

HpI/I TAaKHUX HacC/JleACTBEHHBIX IIAaTOJIOTHAX KaK
cuHgpom llosanga, cuHapom KypapuHo-CuibBepMaHa,
Cungpom Mapdana, cunzapom Jlo#ca-Jljutca MoryT
BO3HMKAaTb pas3JMYHble IO XapakTepy Jedopmarnuu
rpyAHoO# kieTkU. JleueHue fedpopManuil rpyAHON KJIETKH
y TalUeHTOB C HacJe[CTBEHHBIMM 3a60J€BaHUSIMU
3aBHUCUT OT XapakTepa gedopmanuu. Yaie Bcero aTo J160
onpe/iesieHHasl CTelleHb BOPOHKOO6pa3HOH Jedopmarnuy,
1160 UMeeTCs JIOKaIbHBIHN 1ePeKT IPyAoH KIEeTKU.

[lpeasiarass  CcBOM MHOAXOJ B JIeYeHHUH, Mbl
CTPEMUJIUCh, YTOObl OH O6bLI MOHATHBIM U MPOCThIM
ANl KaKJoW JgedopMalyu, U MOr OBITb HCIOJIb30BaH
MpaKTUYECKUMHU BpayaMHu.

NOAXO0J K JIEYEHUI0 MOXKET CYLECTBEHHO NOMOYb Bpayy
C onpeje/eHUeM TaKTUKH JIeYeHUs] TOW HWJIM WHOHU
febopMal Uil rpyaHON KJIETKHU.
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KoH}/IMKT HHTEepecoB. ABTOPHI pab0ThI 3asIBJISAIOT ~ aHAJIN3 - b.A.H,; HalnucaHue (opuruHanbHas
06 OTCYTCTBHUU KOHQJINKTA HHTEPECOB. yepHoBasg moxaroroBka) - K.A.B.; Hamucanue (0630p u
®duHaHCHUPOBaHUE. BHewmHux ucrounnkos PeAaKTuposauue) - TK.B, KAB.
($UHAHCUPOBAHUS HET. Bce  aBTOpbl  NpPOYMTANM,  COIVIACHJIUCH  C
Bkiaas aBTopoB. Konuentyaimsauus - B.AH; OKOHYAaTEJIbHOU Bepcued PYyKOMUCHU U mofnucaau ¢popmy

metozonoruss - TK.B.; nmposepka - TK.B.; dopmanpupiii HEPEAATN aBTOPCKUX NIPAB.
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Keyne KybICBIHBIH AedopManuschiH eMmaeyre auddepeHnuanasl Tociiailg TuiMaiiirin 6aransay
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JicaHe 0pmonedust FoIALIMU OPMAAbIFbIHLIH Killl FblAbIMU KbiaMemKepi, Acmana, Kazakcman E-mail: ablaikhankazbekov@gmail.com

Tyitinaeme
Kasipei yakeitmma keyde depopmayusicbiH emoey maceneci on1aposll e32epmeinizine 6atinaHblcmel 63ekmi 601bin Kaaa 6epeoi.

3epmmeydiy makcamvt: 2010-2022 sxcbl10ap apanbirbiHda keyde KybICbiHblH apmypi dedpopmayusiiapsl 6ap Haykacmapowsl emoey
HamuoicenepiH maaoay.

9ddicmepi. 2010-2022 sxcviadap apanvirbinda akademuk H./l. BamneHo@ ambiHdarbl ¥Aimmulk mpasmamoJio2us jcaHe opmonedust
opmaJibirbiHbly Ne2 opmonedus 6esimuieciHde keyde KybiCbiHbIH dedpopmayusicel 6ap 347 Haykacka onepayusi iHacaadbl: WYHKbIp mapizoi
degpopmayusmen - 230 Haykac (66,3%), Kuab mapizdi degpopmayusmen - 70 naykac (20,2%), sicepeinikmi depopmayusimer - 15 naykacmap
(4,3%), cundpomOvik namosozusaapel 6ap - 10 Haykac (2,9%), keyde KybiCbiHbIH WYHKbIP Mapi3di dehopmayuscbiHbIK KaimaaaHybsl 6ap
- 22 nayuenm (6,3%). llayuenmmepdiy opmawa xcacel 18+2,4 xscacmol Kypaowl. Il dapedxceci keyde KybiCbiHbIH dedopMayuscbiHbly 6ap
Haykacmap 117 (50,9%), 11l dapesceni 113 (49,1%) 6010061 Keyde KywicbiHblH MaHy6puokocmansdsl depopmayuscel 6ap Haykacmap - 5
(7,1%), 65 kopnopokocmabds munmi Haykacmap. Keyode KybicuiHblH depopmayusicel naiioa 601ambviH aypyaapobly CUHOPOMObIK mypaepiHiH
apacwirda [loaand cuHdpomuvl men MapgaH cundpombl 6ap Haykacmap 6040bl.

Hamuoiceci. 16 scacka OeliiHei keyde KybICbIHbIY WYHKbIp mapi3di degpopmayusicel 6ap emdeaywinepee Hacc 6olblHWA auiblk
mopakonaacmuka, 16 xacmaH ackaH emdesywinepze cmepHO — Cyliek nAACMuHAcCbIH opHamymeH Pasuu 6ollbiHwa mopakonaacmuka
scacandsl. Kuav mapisdi depopmayusinuly, mMaHybpuokocmanvdsl mypi 6ap emodeayuisepee mec cyliegiHiy my3emkiul 0cmeomomusicbl
6ap awblKk MOpaxKonaacmuka JyaHe 00aH KelliH OHbl 6imesizeH naacmMuHaMmeH ukcayusaday, Kopnopokocmaabdbl mypi 6ap - memann
KOHCMPYKYUSAApbIH natidanan6atl awblk mopakonaacmuka xcacandsl. Keyoe KyvicbiHbIH wekmenzeH dehopmayusicel 6ap emoenyuiinepee,
coHOati-ax cuHdpoMOblK NAMO/102UsCbI 6ap emoeayuliiepae Chuy-pamablk KOHCMPYKYuAAapobl OpHAMA OMbIPbIN, AWbIK MOPAKONAACMUKA
scacandul. Keyde KybvicbiHbIH WYHKbIP Mapi3di deopmayusicblHbIY Kalimaaauysl 6ap emoeanyuliiepee cmepHo-cyliek naacmuHacsiH opHama
omublpbin, AwblK mopakonaacmuka xcypeisiadi. AypyxaHara jxcamxbi3ydely opmawa y3akmuirsl 7,2+1,4 mayaikmi kypaovl. 64im 604raH
ok, T'emomopakc 25 (4,3%) nayuenmme 6aiikaadvel, 10 (2,9%) scardatida naespa KywicbiHbIH OpeHadxcbl Kaxcem 60.10bl. [THeemomopakc
11 (3,2%) Haykacka duazHo3 Kolbla0bl, OCbIFAH 6aUAAHbICMbI NAe8Pa KybiCbIHA OpeHaxc Kot Kaxcemminizi mysiHoadwt. [lnacmuHakbiy
srcutacynt 1 (0,3%) nayuenmmepde 6atikandvt. OpHamuvlaran memann KoHcmpykyusaapst 200 (57,6%) nayuenmmeH aasiHbin macmasobL.
Ilnacmunanbly opmawa mypy mep3imi - 24,4+4,5 ati. Haykacmapdety 95% - bl %#aKcbl KOCMEMUKaAblK Homudice Kepcemmi.

Kopbimuindbel. Ocvlaaiiwa, keyde KyblcblHblY apmypai deopmayusaapbli emdey ap HAYKAcKa dceke Kipicydi kaxcem emeoi. bi3
asipnezen duggepenyuandot emoey adici dapicepze keyde KybiCbiHblH 6Geszini 6ip dedpopmayusicblH emoey MAKmMUuKacblH aHbIKMAayra
alimapavikmatl kemekmeceoi.

TytiiH ce3dep: keyde KybiCblHbIH depopmayusi, mopakonaacmuka, [1o1aHd cuHOpoMmbL.
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Abstract

Currently, the issue of treating chest deformities remains relevant due to their variability.

The aim of this study was to analyze the results of treatment of patients with various chest deformities for the period from 2010 to 2022.

Methods. During the period from 2010 to 2022, 347 patients with chest deformities were operated in the Orthopedics Department No.2
of the National center of traumatology and orthopedics named after Academician N.D. Batpenov: 230 patients with funnel-shaped deformity
(66.3%), 70 patients with keel-shaped deformity (20.2%), 15 with local deformities patients (4.3%), with syndromic pathologies - 10 patients
(2.9%), with recurrent funnel-shaped chest deformity - 22 patients (6.3%). The average age of the patients was 18+2.4 years. There were 117
(50.9%) patients with grade II chest deformity, 113 (49.1%) with grade IIl. Patients with the manubriocostal type of keeled chest deformity - 5
(7.1%), 65 patients with the corporocostal type. Among the syndromic forms of diseases in which chest deformities occur were patients with

Poland syndrome and Marfan syndrome.
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Results. Patients with funnel-shaped deformity of the chest under the age of 16 were given open thoracoplasty according to Nass, patients
over 16 years old received thoracoplasty according to Ravich with the installation of a sternocostal plate. Patients with the manubriocostal type
of keeled deformity underwent open thoracoplasty with corrective osteotomy of the sternum and its subsequent fixation with a blocked plate,
with the corporocostal type - open thoracoplasty without the use of metal structures. Patients with local chest deformities, as well as patients
with syndromic pathologies, underwent open thoracoplasty with the installation of spoke-frame structures. Patients with recurrent funnel-
shaped chest deformity underwent open thoracoplasty with the installation of a sternocostal plate. The average duration of hospitalization was
7.2+1.4 days. There were no fatalities. Hemothorax was observed in 25 (4.3%) patients, and pleural drainage was required in 10 (2.9%) cases.
Pneumothorax was diagnosed in 11 (3.2%) patients, and therefore there was a need for drainage into the pleural cavity. Plate displacement was
observed in 1 (0.3%) patients. Installed metal structures were removed in 200 (57.6%) patients. The average shelf life of the plate is 24.4+4.5
months. A good cosmetic result was obtained in 95% of patients.

Conclusion. Thus, the treatment of various chest deformities requires an individual treatment approach. The differential approach to
treatment developed by us can significantly help the doctor with determining the tactics of treating a particular chest deformity.

Keywords: chest deformity, thoracoplasty, Poland syndrome.
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Abstract

Osteomyelitis is inflammation of the bone that is usually due to infection. An inadequate or late diagnosis increases the degree of
complications and morbidity; for these reasons, imaging techniques are essential to confirm the presumed clinical diagnosis and to provide
information regarding the exact site and extent of the infection process.

This review discusses various imaging tools employed to diagnose osteomyelitis: X-ray, computed tomography, magnetic resonance
imaging, ultrasound, bone scintigraphy, and positron emission tomography.

When used appropriately, diagnostic imaging can provide high sensitivity and specificity for detecting osteomyelitis, making radiological
evaluation a crucial step in the diagnostic process of this debilitating condition.

Keywords: osteomyelitis, X-ray, computed tomography, magnetic resonance imaging, bone scintigraphy, positron emission tomography,
ultrasound.
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Introduction

Osteomyelitis is a non-specific infection of bone and
bone marrow. In the past acute osteomyelitis (AO) led to
high mortality especially in non-adults [1].

Despite this, it has to this day proved impossible
to identify definite criteria that would allow a reliable
diagnosis. It is therefore very difficult to compare different
investigation and treatment methods, and evidence-based
results are few. The reason for this is the most important
characteristic of the disease: the extreme variety of

Literature Search Strategy

NCBI's PubMed database was utilized to search
for literature pertaining to the diagnostic imaging of
osteomyelitis. Combinations of the following search
terms were used: bone infection, osteomyelitis, diagnosis,
radiology, diagnostic imaging, imaging, magnetic resonance
imaging, MRI, computed tomography, CT, x-ray, plain film,
radiograph, bone scan, bone scintigraphy, positron emission

X-rays (Plain Films)

In many patients, X-rays are the first diagnostic
tool utilized in the radiographic work-up of osteomyelitis.
X-rays are widely available and inexpensive; however, they
are limited in their ability to detect osteolytic changes.
Early radiographic findings may include: soft tissue or deep
soft tissue swelling, muscle swelling, or blurred soft tissue
planes [6]. Early bone findings may include: periosteal
thickening, lytic lesions, endosteal scalloping, osteopenia,
loss of trabecular architecture, and new bone apposition.
Pineda et al. reports that osteomyelitis must extend at least
1 cm and compromise 30 to 50% of bone mineral content
to produce visible changes in plain radiographs [7]. Pineda
reports the sensitivity and specificity of plain films to be
43 - 75% and 75 - 83% respectively. A major limitation is

Magnetic Resonance Imaging

MRI provides excellent delineation between bone
and soft tissue as well as abnormal and normal bone
marrow. Furthermore, it can detect osteomyelitis as early
as 3-5 days after infection. MRI is used to evaluate the
extent of abnormalities and in cases of surgical treatment,
it is valuable for planning an accurate surgical strategy or
clinical follow-up [10-12].

Magnetic resonance imaging (MRI) is a vital tool
for the initial diagnosis of acute osteomyelitis. MRI has the
ability to detect changes in bone marrow within three to five
days of infection, offering a distinct advantage over x-rays.
MRI also has the ability to detect necrotic bone, sinus tracts,
and abscesses, and it can be used to formulate preoperative
plans and guide surgical debridement. Sinus tracts, fistulas,
and abscess visualization can be further enhanced by the use
of gadolinium contrast. However, gadolinium based contrast
has been linked to nephrogenic systemic fibrosis and should

Bone Scintigraphy

Bone scintigraphy, commonly referred to as a bone
scan, is another imaging option for diagnosing osteomyelitis.
Three different scans are routinely employed: three phase
bone scan, gallium scintigraphy, and radio-labeled WBC scan.
The three phase bone scan utilizes the 99mTc diphosphonate
radiopharmaceutical. The first phase involves nuclear
angiography, obtaining consecutive two to five second
images of the suspected bone during the administration
of the radiopharmaceutical. The second phase is obtained
within five minutes of administration. Inflammation results
in capillary dilation which leads to increased blood flow
and pooling. The third phase is obtained approximately

symptoms that can be manifested in chronic osteomyelitis.
This variety makes a systematic description difficult; even
experienced clinicians are repeatedly taken by surprise by
new and unpredictable courses of the disease [2-5]. Imaging
plays a vital role in the diagnosis of osteomyelitis.

This review describes the role of common imaging
modalities utilized in clinical practice based on current
literature.

tomography, PET, ultrasound. Primary and secondary
sources were screened for relevance by title and the contents
of the abstract. Potential sources were then downloaded and
their contents were scrutinized for relevance. The authors
also incorporated guidelines from the Infectious Diseases
Society of America (IDSA). A total of 23 references were
included in the final review.

that these findings may not be present for 10-21 days after
the onset of an infection. As such, X-rays may be more useful
for patients who have had a delay in seeking care and did
not present until greater than three weeks after symptom
onset. A strength of X-rays is the ability to detect alternative
diagnoses such as metastatic lesions or osteoporotic
fractures. Despite their limitations, X-rays should routinely
be utilized in patients with suspected osteomyelitis [8,9].
They provide an inexpensive tool to evaluate for alternative
pathology while their sensitivity improves with time from
initial presentation. However, if the diagnosis remains
unclear after X-rays and laboratory testing, further imaging
should be obtained.

be used with extreme caution or avoided altogether in
patients with moderate to severe renal impairment. In a
meta-analysis of 16 studies, MRI was found to be superior to
plain films, three phase technetium bone scan, and leukocyte
scan for the evaluation of acute osteomyelitis in the setting
of diabetic foot ulcers. Another meta-analysis of 5 studies
evaluating the use of MRI in chronic osteomyelitis found that
the sensitivity and specificity was 84% (95% CI: 69-92) and
60% (95% CI: 38-78) respectively [13]. The specificity of
MRI is limited by the fact that bone marrow edema is a non-
specific finding that can also be caused by problems such
as contusion, fracture, arthritis, or neoplasm. The sensitivity
and specificity of MRI also depends on the suspected site
of infection. For native vertebral osteomyelitis, MRI has
been reported to have a sensitivity and specificity of 97%
and 93% respectively, and is therefore the primary imaging
modality recommended by the IDSA [14].

three hours later. This phase helps to differentiate between
diffuse cellulitis and bone involvement. Osteomyelitis
classically results in focal uptake during the third phase
whereas cellulitis demonstrates either normal or diffuse
uptake resulting from regional hyperemia. These scans have
a high sensitivity but are poorly specific; false positives can
occur in the setting of recent trauma, prosthetic implants,
crystal arthropathy, arthritis, diabetes, or neoplasia.
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Gallium scintigraphy utilizes a radiogallium
isotope that attaches to the transferrin that leaks from
inflamed blood vessels. Inflammation could be due to
either infectious or sterile causes. Gallium scans do not
show the same level of bony detail as technetium 3-phase
scans, limiting their ability to differentiate between bone
and soft tissue pathology. Gallium scans are most useful for
diagnosing native vertebral osteomyelitis; IDSA guidelines
recommend a combined gallium/99m Tc scan for patients
who have a contraindication to MRI. This combination has
a sensitivity of 91% and a specificity >90% [15]. The third
method of bone scanning involves indium-111 labeled

Computed Tomography

Computed tomography (CT) has a number of
advantages over x-rays; it allows for improved visualization
of intramedullary and soft tissue gas, sequestrum,
involucrum, sinus tracts, and foreign bodies. CT has superior
ability to assess bony architecture and detect necrotic bone
(sequestrum) when compared to MRI [17]. The number of
cuts in CT is generally greater than those of MRI, reducing
the likelihood that pathology may be missed due to small
size. This advantage is time dependent, as necrosis may
take up to six weeks to develop after the onset of infection.
Thus, during the initial stages of the infection, detection
of necrotic bone may not be possible. Sequestered bone is
strongly suggestive of an infectious etiology. Additionally,

Positron Emission Tomography

Another imaging modality less frequently employed
is fludeoxyglucose (18 F) Positron Emission Tomography
(PET). The PET scan relies upon the increased expression of
glucose transporters in inflammatory cells and measures the
uptake of radio-labeled glucose molecules. This technique
can produce results within 30 to 60 minutes of tracer
administration; it is unaffected by metal implants or foreign
bodies, and produces images with higher special resolution
than single photon emitting tracers [18,19]. This modality

Ultrasound

During recent years, ultrasonography has had an
expanding role in the investigation of infectious processes of
the soft tissues and in early detection of subperiosteal fluid
collections that are seen in acute osteomyelitis in childhood
[21].

The use of ultrasound as an imaging modality for
osteomyelitis is less discussed in the literature. However,
it offers a valuable alternative given the widespread access
and relatively low cost. Ultrasound can be performed at the
bedside and poses minimal risk to the patient. It can also
be used to delineate infectious etiologies from tumors or
noninfectious causes. Similar to CT and MRI, ultrasound can
guide biopsies or aspirations and to assess the extent of soft
tissue involvement. Findings such as periosteal elevation,
hypoechoic fluid collections around bone, and soft tissue

Conclusion

The authors conclude that plain films are an
appropriate first step in imaging for osteomyelitis, as
they may reveal osteolytic changes and can help rule out
alternative pathology. MRI is often the most appropriate
second study, as it is highly sensitive and can detect bone
marrow changes within days of an infection. Other studies
such as CT, ultrasound, and bone scintigraphy may be
useful in patients who cannot undergo MRI. CT is useful for
identifying necrotic bone in chronic infections. Ultrasound
may be useful in children or those with sickle-cell disease.
Bone scintigraphy is particularly useful for vertebral

leukocytes (99m Tc-hexamethylpropyleneamine oxime in
some studies). Similar to a gallium scan, labeled WBC scans
provide poor detail of bony structures. Their advantage is
having improved specificity compared to the other bone
scans; they are especially useful in cases where other
conditions are superimposed. Schauwecker et al. reported
a sensitivity and specificity of 88% and 85% respectively
[16]. Therefore, bone scintigraphy represents a valuable
option in the diagnostic imaging of osteomyelitis, and may
be especially useful in cases where MRI is unavailable.

CT can detect changes such as soft tissue edema or bone
destruction earlier than x-rays. CT can also be used to
guide aspiration and needle biopsies. Compared to MRI,
the sensitivity and specificity of CT is less impressive. In a
meta-analysis, Termaat and colleagues report a sensitivity
of 67% (95% CI: 24-94) and a specificity of 50% (95% CI:
3-97) [13]. The drawbacks of computed tomography are
the increased cost and radiation exposure compared to
plain films; studies may also be limited by the presence
of metallic implants or foreign bodies. Nevertheless, CT
should be strongly considered in patients who are unable
to undergo MRI.

has demonstrated superior sensitivity and specificity to
MR, bone scintigraphy, and leukocyte scintigraphy. A meta-
analysis of four studies evealed a pooled sensitivity of 96%
(95% CI: 88-99) and a specificity of 91% (95% CI: 81-95)
[13]. PET scan has had limited use in clinical practice due
to high cost and poor availability; however, in the future
it may become more cost effective, as this modality has
demonstrated a high level of diagnostic value [20].

abscesses are suggestive of osteomyelitis. Ultrasound has
also been shown to be an exceptional modality for detecting
osteomyelitis in sickle-cell patients. It should be noted that
ultrasound may be more reliable in children than adults
due to a looser adherence of periosteum to cortex in the
immature skeleton. A drawback to this modality is a lack
of studies looking at its reliability in the diagnosis of adult
osteomyelitis, although one study found a false-positive rate
of 10.5% [22]. At this time, ultrasound may be best used in
combination with other imaging modalities or when other
options are unavailable, and prudence should be used in its
interpretation.

osteomyelitis. Finally, PET scan has demonstrated high
sensitivity and specificity; however, its clinical application
is limited by its high cost and poor availability. When
used appropriately, diagnostic imaging can provide high
sensitivity and specificity for detecting osteomyelitis,
making radiological evaluation a crucial step in the
diagnostic process of this debilitating condition.
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Tyninaeme

Ocmeomueaum - cyliek KemielHiH uH@ekyusicbl HamudiceciHoe cyliek miHiHiH KaObIHybl. OKiHiwke opatl, 6y/1 aypyoulH Kew duazHO3bl
bIKMUMAA ACKbIHYAapOblH KayniH Kypm apmmulpadsl. A paduayusiivlk duazHocmuka adicmepi dep KesiHde dypublic KAUHUKAAbIK QUA2HO3
K0100a MaHbl30bl P amkapaosl.

Byan wony maxaaacsiHoa paduayusavlk duaeHocmuka adicmepimiy apmypai mypaepi caablcmulpblaadbl, Mblcaabl: peHME2eH,
Komnvlomep/ik momozapagus, mazHummi-pe3oHaHcmolk momoapadus, yabmpadslbbicmblk duazHoOCMuKa, cyuHmuzpagus, nosumpoHobl-
IMUCCUSANBIK MOMOzpagdusi.
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Oymaiiabl natidanawran scardaiida duazHocmukaablk OeliHesey ocmeomueaAumMmi aHblKmMay ywliH j#oFapbl ce3imMmandblk nex
epekwenikmi kammamacwlz eme aaadsl. bysa ocel kypdesi aypyovty duazHocmukacblHOaFbl peHM2eH0A02UsAblK 3epmmeyaepoiy weulyui
peJiiH alikbiHdatiobl.

Tytiin ce3dep: ocmeomueaum, peumeer, MPT, cyunmuzpagusi, y1empadvi6bicmelk dudzHOCMUKa.

KpaTkuii 0630p COBpeMeHHbIX METOA0B PaAH0/IOTHYe€CKON JMarHOCTUKH OCTeOMHEe/INTa

Cyaamos E.B.

Joyenm kagpedpa mpaemamosozuu, opmoneduu u 80eHHO-noegoll xupypauu, Tawkenmckas meduyuHckas akademus, Tawkenm,
Y36ekucman. E-mail: drgulyamov.yorkin@gmail.com

Pe3ome

Ocmeomuesium — 8ocnaJjieHue KOCMHOU MKaHU 8 pesysbmame nonadaHus UH¢EKL{UU 8 KocmHblli Mo3e. K coxcaneHuro, 3anosdaaas
duazHocmuka daHH020 3a60/1e8aHUS pe3Ko ysesuvusaem puck 603MONCHbIX oc/a00cHeHul. A /ly‘lESble.MemO(?bl duazHocmuKu uzparom eaxicHyro
pOJib 8 CBOEBPEMEHHOM NOCMAHOB/1€eHUU NPpAd8U/IbHO20 KJAUHUYEeCKO20 duazHo3a.

JanHas 0630pHas cmamoesi conocmassiem pasHvle 8udbl Memodos y4egoli duazHOCMUKU, makue KaKk: peHmaeH, KoMnblomepHas
momozpagus, MAZHUMHO-PE30HAHCHASE MmoMozpadus, yabmpaszeykoeas OuazHOCMUKa, CyuHmuzpagus, no3UMpPOHHO-IMUCCUOHHAS
momozpagusi.

Hpu npasu/ibHOM UCN0/1b308AHUU duazHocmuyveckasi susyaausayus moxem obecnevums BbICOKYIO YyscmeumesibHoOCmb
u cneuug")utmocmb npu evlde/seHUU ocmeomuesauma, 4mo desaem peHmeeHos10cu4ecKoe uccsedosaHue BaXCHeUWUM 3MANoOM 8
duazHocmu4eckom npoyecce amoezo msaices020 3a60.1€8aHUS.

Kawuesvie cnoea: Ocmeomuenum, peHmaeH, MazHUMHO-pe30HAHCHAst MoMo2padusi, y1bmpaseykosads duazHocmuka, cyuHmuzpagusi,
NO3UMPOHHO-IMUCCUOHHASL MOMO2PaAPusl.
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