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KOPUTIYIOYOi IIJIaCTUHU

2. Surgical Treatment of Pectus Excavatum in Children with Mathematical Modeling of the Correction Bar

Pedepar:

1. AkryanpHicTe Temu. JlifikononioHa nedopmatiis rpyanoi kiaitku (JIII'K)- Halyacrima Bagia po3BUTKY IPyIHOI
KJIITKY, 110 IIPOSIBJISIETHCS 3ANaAMHOIO IPYIVHU Ta Pedep, CYIIPOBOIKYEThCS Pi3HOTO CTYNEHs (PYHKLiIOHATbBHUMU 1
OpraHiYHMMU NOPYLIEHHSIMU B CUCTEMaX KPOBOODOIry Ta AMXaHHS, ICUXOJIOTiYHUMY po3JiafiamMu. JlaHa Baga
peecTpyeThcs i3 yactortow 0,1-0,8 % y nonysunii. KoHcepBaTrBHe JliKyBaHHS Y BaKyyMHOMY 113BOHi (B/I) He
CTaHJAPTU30BaHe W00 Yacy arurikauii BJl, 3araspHOI TpUBaJIOCTI JIIKyBaHHS, PiBHSI HETATUBHOIO THUCKY, II0Ka3aHb

17151 KOHBepcii 1o xipypriyHoi kopekuii . ITicss onepauii Nuss 4acTo peecTpyeThes 3aIMIIKOBa Aedopmallis abo



BTOPUHHI nedopmariii rpyHOI KIIiTKY, YacTi micsisonepaniiiti yCKiagHeHHS; € TPO6JIeMOI0 XPOHIYHUI
nicasonepauiiiHuii 6i7b y rpynHiN KiIiTLi. TakuM 4YMHOM, BiJICYTHICTb iTKUX KPUTEPIiB 1O BUBHAUEHHS [OLIBHOCTI
KOHcepBaTuBHOI Teparii ipu JIJIT'K ta npoTokosis ii IpoBeeHH s, BUCOKI pU3UKY XipypPriYHOroO JIiKyBaHH4,
BiZICYTHICTb CUCTEMATU30BAHUX IIiAXOAIB O KacToMmizawii onepauii Nuss rpu pisHux aHaromivyHux tunax JIII'K,
HasIBHICTb BTOPMHHUX Ta 3QJIMIIKOBUX AepOopMalliil 'pyIHOI KJIITKY, BiICYTHICTb OGI'PYHTOBAHMX KPUTEPIIB 10
BUOOPY KiZIbKOCTi Ta po3MipiB KOPUTYyBaJIbHUX IJIACTHH, XPOHi3allis MicsionepaliiiHoro 60J50B0ro CUHIPOMY
3aJIMIIAIOTHCS] HEBUPIIIEHMMH IMTAHHSIMU Ta BU3HAYAIOTh aKTyaJIbHICTh 0OpaHOi TeMU OCiIKeHHs. MeTa
JocuimkeHHs. [TokpamuTy pe3yabTaTy JiKyBaHH giten i3 JIIT'K miisixom BU3Ha4YE€HHS 9iTKUX [I0OKA3aHb 10
KOHCEPBATUBHOTO Ta XipypriuHOro JIiKyBaHHS, 3 ONTHUMI3allii KOHCepBaTUBHOIO JIiKyBaHHS; AudepeHIiarii
masoinBazusHoi kopekuii JIAI'K Ta iHguBigyansHOro Bubopy pikcatopis. 3aBnaHHs pociigkenHs : 1. [Iposectu
aHai3 eeKTUBHOCTI JiKyBaHH4 B]] pu JIAT'K; BUBUMTHU pe3ysIbTaTy HOT0 3aCTOCYBAHHS 5K 3aC00y
nepeznonepauiiHoi NigroToBKY; pO3pOOUTU METO/, TPOrHO3YBAHHS €(PEKTUBHOCTI KOHCEPBATUBHOTO JIIKYBaHHS Ta
BM3HAUEHHS ONTUMAaJIbHOTO TEPMIHY [J1s1 KOHBEPCii 0 XipypriuHoi Kopekii. 2. BUBYMTH NPOruH Ta KoedilieHT
HaJiliHOCTi KOPUTyBaJIbHOI TUTAHOBOI IVIACTUHM SIK CYLII/IbHOMETAJIEBOI apKH i3 Y)XKOPCTKO (PiKCOBAaHMMHU KiHISIMU Ta
cpopMyBaTH pEKOMEHIallii 70 pallioHaJIbHOTO BUOOPY iX PO3MipiB Ta KisbKOCTi. 3. PO3pOOUTH CUCTEMY METOJiB
npodinakTuKy yckianHeHs onepauii Nuss 4. Ha nifcrasi nonosHeHoi knacudikauii JIIT'K 3a Park pozpobutu
BapiaHTU orepaliii Nuss 7151 KOXXHOTO i3 aHaTOMiYHUX TUMiB nedopmariii. O6'ekT gocmimkeHHs - gitu i3 JIATK.
[IpenmeT mocifkeHHs: MasloiHBa3MBHE XipypriuHe jikyBaHH4 JIIT'K; MaTemaTuuHe MOJeT0BaHHS KoeQillieHTiB
3aracy MilJHOCTI Ta IPOTMHY KOPUT'YBaJIbHOI [IJIACTUHU Y Pi3HUX BIKOBUX KaTEropidx; OKa3aHHA 10
KOHCEPBATUBHOIO Ta XipyprivHOro JikyBaHH4. [IpoBeieHe OHOLIEHTPOBE PETPOCIEKTUBHE KOTOPTHE JOCIIiI>KEHHS
Ha OCHOBI aHaJIi3y pe3yJsbTaTiB 0OCTEXXEHHS Ta JliKyBaHHs 261 naujeHTa i3 JIAT'K, sxumM npoBoguiocs
KOHCEPBAaTMBHA Tepallisl Ta XipypriyHa Kopekuisi, cepell Hux 163 nalieHTy JIiKyBajancsl KOHCEPBATUBHO, a 110 -
Xipypriuso (12 i3 Hux- micss Hee(peKTUBHOrO KOHCEPBAaTUBHOTO JiKyBaHHsI). JIikyBaHHs npoBeniene y KHII
«Xutomupcoka obsiacHa AUTsYa KJliHivHa JikapHs» JKutomupcbkoi obsacHoi pagu 3 2018 no 2023 pp. 3a nouykom
y HayKOBOMETPUYHUX 6a3ax 3a 3anuToM Nuss procedure, vacuum bell therapy, pectus excavatum 6yso 3HaliileHO
1432 mxepena, 6yyo BinibpaHo 5 MmeTaaHanizis i3 12, HalbinbIL BifMOBiAHI MeTi mocimKeHHs. 4 [3 MeTo10
IIPOTHO3yBaHHS HE3aIOBIJILHOTO PE3yJIbTaTy Ta BYaCHOI'O NIPUINIMHEHHS JIiKyBaHHS B/l i3 nepexonom 10 XipypriqyHoi
KOpeKIii IpoBefieHe NOPiBHSIHHS €(EKTUBHOCTI JIiKyBaHHS y TPyIax i3 IO3UTUBHUM Ta HETaTUBHUM PE3yJIbTaTOM
JIiKyBaHHS y TepMiHU 4 Ta 6 Micauis. KoHcepBaTUBHE JliKyBaHHS BU3HaHO edekTuBHUM Ipu | cryneni JIAT'K y 41
Bunanky (93,18%); npu Il cryneHi - y 77 Bunankax (74,76%); npu III cryneHi - y 11 nauienTis (68,75%). BusiBneno, mo
yepe3 6 MicsLiB Bif IoYaTKy Teparii cjiif IpOBOAUTU IIPOTHO3YBaHHS €(PEKTUBHOCTI KOHCEPBATUBHOIO JIiKyBaHHS i3
BM3HAUYEHHSIM MOAA/IBLIOI TAKTUKY JIIKyBaHHS: I10[ajIbllla BAaKyyMHa Teparlis [NoKa3aHa IIpY JOCSTHEHHI MifAoMy
TPYAHOI KJIITKM y Ipymi 5-8 pp.- Ha 16,03+1,7 mM; 9-12 pp. - 17,03£1,5 mm; 13-16 pp.- 13,29 mm+1,3 mm; ionap 17 p- 8,7
MMz=1,2 MM, a y ITPOTUJIEXKHOMY BUIIaJIKy [1IOTPi6HA KOHBEPCis Ha xipypriuyny Kopekiito. Cepeq, nalieHTis i3
HeePEeKTMBHMM KOHCEPBATUBHUM JIiKyBaHHSM XipypriuHe JIiKyBaHH4 0yJI0 MoKaszaHe y 31 BunazKy. Y nux nauieHTiB
oA Bxony B fedopmatiiio ta cryninb JIITK 3menummnucs y 6inbmocti nauienris, Tomy 12 (66,67%) xipypriune
BTPY4aHHS BUKOHAHE i3 BUKOPHCTAaHHIM OJiHiei KopuryBasyipHOI my1actiHy. OLiHKY 60JIbOBOTO CUHAPOMY 32 LIKAJIO0
NPRS nposogunu yepes noby, Ha 4-5 100y; yepes 1 micsaup Ta yepes 3 micsui nicss onepatii. BcraHoBieHo, o
iHTEeHCHBHICTb 60JILOBOTO CUHPOMY Y NAlli€HTIB i3 MONEpPeIHbOIO TePali€l0 BAKYYMYBaHHIM Y IIOPiBHSHHI i3
nanjeHtTamu 6e3 nonepenHoi Teparnii Bl uepes mo6y micis onepartii Ha 28,52% - 22,76% meH1ua; Ha 4-5 106y~
BifgnmoBigHO Ha 20,26%- 18,4% y 3aye>xXHOCTi Bif, cTyneHs crynessax JIITK.

2. Relevance. Pectus Excavatum (PE) is the most common developmental defect of the chest, manifested by a
depression of the sternum and ribs, accompanied by varying degrees of functional and organic disturbances in the
circulatory and respiratory systems, as well as severe psychological issues. This defect is recorded with a
frequency of 0.1-0.8% in the population. Conservative treatment using vacuum bell therapy (VBT) does not have
standardized approaches regarding the timing of vacuum bell application, overall duration of treatment, level of
negative pressure, and indications for conversion to surgical correction. After the Nuss procedure, there are often
registered residual or secondary deformities of the chest, high frequency of postoperative complications; chronic



postoperative chest pain remains a significant problem. Thus, the lack of clear criteria for determining the
appropriateness of conservative therapy for PE and evidence-based protocols for its implementation, high risks of
surgical treatment, lack of systematized approaches to customizing the Nuss procedure for correcting various
anatomical types of PE, the presence of secondary and residual chest deformities, and the lack of justified criteria
for selecting the number and sizes of corrective bars, as well as the chronicity of postoperative pain syndrome,
remain unresolved issues and underline the relevance of the chosen research topic. Purpose. To improve
treatment outcomes for children with PE by establishing clear indications for conservative and surgical treatment,
optimizing conservative treatment, differentiation of minimally invasive correction of PE (MIRPE) and individual
fixation device selection. Research Objectives: 8 1. To analyze the effectiveness of VBT of PE; study outcomes of its
application as a preoperative preparation; develop a prediction method for the conservative treatment
effectiveness and determining the optimal timing for surgical correction conversion. 2. To study the deflection and
reliability coefficient of the corrective titanium bar as a solid metal arch with rigidly fixed ends and to formulate
approaches to the rational selection of their sizes and quantities. 3. To develop a system of methods for Nuss
procedure complication prevention 4. Based on the supplemented PE classification by Park, develop Nuss
procedure options for each anatomical deformity type. The object of the Study - Children with PE. Subject of the
Study: Minimally invasive PE surgical treatment; mathematical modeling of safety factors and deflection levels of
the corrective bar in different age categories; indications for conservative and surgical treatment. A single-center
retrospective cohort study was conducted based on the examination and treatment results analysis of 261 patients
with PE who underwent conservative therapy and surgical correction, among them 163 patients were treated
conservatively, and 110 surgically (12 of those after ineffective conservative treatment). The treatment was
conducted at the KNP "Zhytomyr Regional Children's Clinical Hospital" of the Zhytomyr Regional Council from

2018 to 2023. A search in scientometric databases for the query "Nuss procedure," "vacuum bell therapy,” and
"pectus excavatum" revealed 1432 sources, of which 5 meta-analyses from 12, which were most relevant to the
research aim were selected. To predict unsatisfactory outcomes and ensure timely cessation of VBT with
transition to surgical correction, a comparison of treatment effectiveness was conducted between groups with
positive and negative outcomes at 4 and 6 moths intervals. Conservative PE treatment was effective in cases of
grade I - 41 cases (93.18%), grade II - 77 cases (74.76%), grade III - 11 patients (68.75%). It was found that after six
months of therapy, the effectiveness of conservative treatment should be predicted to determine further
treatment strategy. Continued VBT is indicated if 9 the chest elevation reaches 16.03+1.7 mm for ages 5-8 years,
17.03+1.5 mm for ages 9-12 years, 13.29+1.3 mm for ages 13-16 years, and 8.7+1.2 mm for ages over 17 years,
otherwise conversion to surgical correction is required. Among patients with ineffective conservative treatment,
surgical intervention was indicated in 31 cases. In these patients, the area of deformity entry and PE degree
reduced in most cases; thus, 12 (66.67%) surgeries were performed using a single corrective bar. Pain assessment
using the NPRS was conducted at the next day, 4-5 days, one month, and three months post-surgery. It was
established that pain intensity one day after surgery was 28.52%-22.76% lower in patients with prior VBT
compared to those without one. By the 4th-5th day, pain levels were 20.26%-18.4% lower, depending on the
degree of PE.
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Inentudikarop ROR: He zacrocosyerscs

CeKTop HayKH: AkafemivHui1

BiacHe IIpisBuie Im'sa ITo-6aThKOBI:
1. JleBuupbkuit AHarosiin @eonocirioBuy

2. Anatolii Levytskyi

KBasidikamis: n.men.H., npodecop, 14.01.09
Inentudicarop ORCHID ID: 0000-0002-4440-2090
JonmaTkoBa iHdopmarist:

IloBHe HafIMeHyBaHHﬂ IOpI/I,uH‘IHO'l' 0COOM: HaujoHambHUI MeIUYHUIT yHiBepcureT imeHi O. O.

Boromonbius

Kopg 3a €IPIIOY: 02010787

Micue3HaxoaKeHHS: oysbBap Tapaca llleByenka, 6yz. 13, Kuis, 01601, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCTBO OXOPOHU 310POB 51 YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pubansyenko Bacunp GenopoBuy

2. Vasyl Rybalchenko
KBasidikanis: 1. men. u., npodecop, 14.01.09
InenTudikarop ORCHID ID: 0000-0002-1872-6948

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HarioHanbHuU# yHIBEPCUTET OXOPOHHU 3[I0POB's YKpaiHu iMeHi

I1. JI. Hlynuka
Kopg 3a €IPIIOY: 01896702

Micuesﬂaxo,rm(el-lﬂﬂ: ByJI. [lJoporoxuiipka, oya. 9, Kuis, 04112, Vkpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepCTBO OXOPOHU 3/10POB 51 YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH: ['anyseBuit

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 3a peECTpallil0o HayKOBOi

OisIIBHOCTI

T'opbatiok Osbra MuxaiisiBHa

l'op6aTtiok Osbra MuxaiiniBHa

Ceprorina Harasis OnekciiBHa

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



