AHOTAIISA

Hasmuuyx T. O. Kniniune Ta OloMexaHIYHE OOIPYHTYBaHHS METO/IIB
XIpyprigyHOTO JIIKYBaHHS MEPEJIOMIB TOJIBKM HWXKHBOI Iienenu. — KBamidikariiiina
HAyKOBa Ipalls Ha MpaBaxX PyKOMUCY.

Huceprarrisi Ha 3100yTTS HAyKOBOTO CTYIEHS JoKTopa ¢imocodii B ramysi
3HaHb 22 OxopoHa 370poB’s 3a cnemaneHicTiO 221 Cromarosoris. —
Hamionansuuit Mmennunuii yuisepcutet imeni O. O. boromonsisgs, MO3 Ykpainu,
Kuis, 2021.

VY nucepraiiiiHiii poOOTI THpPENCTAaBICHO TEOPETUYHE OOIPYHTYBAaHHS Ta
MpaKTHYHE BUPIMICHHS aKTyaJlbHOI MPOOJIEMH CTOMATOJOTIi Ta MIENETHO-THIIEBOT
Xipyprii — miABUIICHHS €PEKTUBHOCTI XIPYpriuHOTO JIIKYBaHHS Ta peadimiTarii
XBOpUX 3 MepejoMaMu roiiiBku HkHBOI mmienenu (IITHIL) nuisixom po3poOxu
HOBUX METOJIB ocTeocuHTe3y 3 BUKopucTaHHIM CAD/CAM TexHosorii ta
narieHTenenudiuaux GikcaTopis.

JocnipkenHss Oyau HampaBlieHI Ha aHali3 TOMOrpa(iuHUX XapaKTePUCTHUK
[MII'HII, Bu3HaUYeHHsT 0i0MEXaHIYHO-HECTIPUSATIUBUX THUIIIB MEPEIIOMIB, CTBOPEHHS
HOBUX CHUCTEM JUIsl X BIAKPUTOI pemo3uili Ta ¢ikcairii, po3poOKy OGiomMexaHIqyHO-
OOIpYHTOBAaHMUX MIAXOAIB A0 Xipypriunoro jikyBaHHs [II'HII 3 BukopucTaHHAM
CAD/CAM texHosorii Ta narieHT-cnenudivaux GpikcaTopis.

[Iporpama gociikeHHsT ckiaganacs 3 2 €TalliB: €KCIIEPUMEHTAIBHOTO Ta
KiiHiyHOro. Ha mnepmomy eram Oyjlo BUBYEHO 3arajibHl 3aKOHOMIPHOCTI
OloMexaHIYHOI TOBEIIHKK cucTeM «dikcaTop-kicTka» npu [ITHII, a Takox
BU3HAYEHO >KOPCTKICTh 1 MILHICTh PI3HUX THUIMIB (PIKCATOPIB Y 3MIHHUX YMOBax
nedopmyBaHHs. Tak, B HATYPHOMY EKCIEPHUMEHTI Ha CYXUX TPYIHHX IIeenax
JIOJUHUA  TPOBEJCHO TOPIBHSHHSA  TPAOUIIAHUX  cucTeM  ikcarli, 1o
BUKOPUCTOBYIOTh TPU OCTCOCHHTE31 rojiiBku HWkHBOI menenu (HIL) (turanosi
I'BUHTH, Oiope30opOTHBHI miHU Ta T-moaiOHI mactuHu). BigMiHHOIO 0COOIHMBICTIO
MPOBENCHUX JOCIIKEHb OYyJI0O BIATBOPEHHS PI3HUX THIIB AeHOPMYBAHHS, IO

BIJIMOBIJIaJIM peajbHUM yMoBaMm HaBaHTaxkeHHs HII[ y BiamoBimumx asax



’KYBaJIBHOTO IUKIY. B mopanbmiomMy 13 BUKOPUCTAHHSM METOAY IMITAlIHHOTO
KOMIT FOTEPHOTO MOJICJIIOBaHHS OyJI0 YJIOCKOHAJIEHO €JNEeMEHTH (HIKCYIOUHX
KOHCTPYKILIA Ta BHUBYEHO iX OlOMEXaHIYHI XapaKTePUCTUKH B CKJIATHOMY
HaIpyKeHo-1e(pOpPMOBaHOMY CTaHI.

OTpuMaHi B €KCIIEPUMEHTI JaHi JISTIU B OCHOBY PO3pOOKH HOBHX MIAXO/IB
no mikyBauHsi [IT'HII[ i3 BEUKOpHUCTaHHSIM KOMIT IOTEPHUX METOJIIB T1arHOCTHKH,
IJIaHyBaHHS 1 peaizallii XipypriyHuxX BTpyYaHb B paMKaX MOBHOTO HH(POBOTO
MpPOTOKONY. EQeKkTuBHICTH 3ampomoHOBaHUX MiAXOAiB Oyila BHBYCHA B
MPOCIIEKTUBHOMY KOHTPOJIHOBAHOMY JIOCIIIKEHHI, MPOBEACHOMY Y 42 MaIli€eHTIB 3
50 TI'HI.

B X011 ekcnepuMeHTanbHUX TOCHIIKEHb 0YJIO BCTAHOBJICHO, 110 TPAAUIIIHHI
TUTAHOBI OIKOPTUKAJIbHI IBUHTU 3a0€3MEeUyIOTh HANBUIILY KOPCTKICTH 1 MIIHICTh
¢ikcanii mpy HaBaHTaXXEHH1 B cariTalbHIi Ta PpoHTaNbHIN TIommMHax: 46,9+31,37
Tta 36,92+20,34 H/mm, BinnmosigHo. Dikcalis 3a JONOMOTol0 010pe30pOTHBHUX
MiHIB MPOJEMOHCTPYBaJIa MEHIIYy KOPCTKICTh SIK TpH caritaibHoMy (29,07+9,03
H/mm), Tak 1 npu ¢poHTansHOMy HaBaHTaxkeHH1 (39,3+16,6 H/mm). Halimenury
KOPCTKICTh OyJsio BusiBieHO Tipu dikcarlii gparmentiB rojiku HII T-nomiOHoro
TUTaHOBOI MiHimiactuHoro: 10,910 H/mMM — npu caritanbHomy Ta 17,9+10,11
H/Mmm — nipu dpoHTaIbHOMY HaBaHTaKeHHI. DiKcallis OJJHUM TBUHTOM YH MIHOM,
HE3aJIeKHO BIJ BUKOPHCTAHOTO Marepiainy, He Oyna cTiiikoro 10 aedopmarrii
KpydeHHs. HaromicTe, xopcTkicTh T-momiOHMX MJIACTUH Ha Kpy4deHHsA Oyia
JIOCUTh BEJIMKOIO 1, B cepeaHbomy, craHoBmira 518,3+111,9 H*mwm/Pan. V
peabHUX KIIIHIYHUX YMOBaX KPY4Y€HHS MOXke OyTH €(pEeKTUBHO KOMIIEHCOBAHO
HEPIBHOCTSIMU MOBEPXHI MEPEIOMY Ta CUJIOK TePTS MK (PparMEeHTaMH JIMILIEHb B
010MeXaHIYHO-CTIPUATIUBUX BHUIIAJIKaX, B IHIIOMY pasi, JJis cTadimizaiii J1aHoTo
BUIy Jedopmanii  AOUUIBHO 3aCTOCOBYBATH IMOENHAHHS — OIKOPTHUKAIBHHUX
MO3ULIOHYIOYMX T'BUHTIB 3 MIHI- T4 MIKPOIUIACTUHAMH.

B nopansmomy, 3a monomororo meronaiB 3D-Bizyamizaiiii Ta KOMIT IOTEPHOL
CUMYJIALIT OYyJIO IOCTIIKEHO Tomorpado-aHaTOMIYHI OCOOJIMBOCTI PI3HUX THIIIB

[II'HI] Tta 3ampomoHOBaHO aHATOMO-()YHKI[IOHATIbHY KOHIICTINIO JTU3aiHY,



BUTOTOBJICHHSI Ta 3aCTOCYBaHHS XIpypriyHuX IIa0JIOHIB 1 MalieHTCHeru(iaHmx
¢dikcatopiB B XIpypriuHOMYy JIIKyBaHHI TIAIIEHTIB II1€1 KaTeropii Ha OCHOBI
1M (POBOTO TMPOTOKOITY.

[Ticns anHamizy KOMIT'IOTEPHHX TOMOTpaM TOCTpaXAAIMX B KIIHIYHUX
rpynax, I[II'HI] Oymo po3mineHo Ha 3 THOM, IO BIAPIZHSAIUCS XapaKTEpPOM
pyWHYBaHHS KICTKH Ta MOTpeOyBaJ 3aCTOCYBAHHS PI3HUX JIKYBaJIbHHUX IT1IXO/IB:
I T — G10MexaHIYHO-CIIPUATIINBI JiHIHHI IEPEIOMH 3 TOBIIMHOIO KOPTHKAJIBHOTO
mapy KIiCTKM B JIUISHIN JaTepainbHoro mosroca romiku HII >0,8 mMm (HasBHI B
34% Bunaakip), Il tun — Olomexaniuno-HectpusaTiupi [II'HIL 3 ToBmmHOIO
KOPTUKAJIBHOTO Iapy KicTku <0,8 MM Ta/abo ApiOHOYIaMKOBOIO (PparMeHTAaIlIEeI0
natepainbHoro nomtoca rojgisku HI (41 % Bumanki), III Tun — GararoynamkoBi
[IT'HILI (25 % Bumnankis). [Ipu nboMy, CKIaJHICTh JOCATHEHHS aHATOMIYHO TOYHOI
perno3uilii Ta QyHKIIOHATBHO cTallIbHOI (ikcaiii 3poctana Bix | mo III Tumis.
3anponoHoBaHuM HamMu  OudepeHIiioBaHUN  MiAXia, o Oa3yBaBCs Ha
3acrocyBanHi CAD/CAM TexHoIoriii B paMKaxX MOBHOIO HHU(POBOro MPOTOKOIY
(ITatent Ykpainn Ha BuHaxim Ne 123336 Bixg 17.03.2021), nepenbauas, 30kpeMa,
BUKOPUCTAHHSA  PEMO3ULIMHUX Ta HaBITallIfHUX  XIPypriyHUX  I1a0JIOHIB
YIAOCKOHAJIEHOT KOHCTPYKIII JIJIsi TiJBUIIEHHS TOYHOCTI ONEPATUBHUX MPUHOMIB.
Kpim TOoro mpu HecnpusTimBux mnepenomax III Tumy 3acrocoByBaiu,
1HUBITyaTi30BaHl TUTaHOBI (hikcaTopu yaockoHaineHoi dopmu, a mpu [IT'HI 11
THUITy - 1H/IMBiAyaai30BaHl po3BaHTaXKyBabH1 iacTuHu (IPIT).

B excrepumeHTi Ha IMITAIlIfHUX KOMIT IOTEPHUX MOJEISIX CHCTEM
«(pikcaTop-KiCTKa» 13 BUKOPUCTAHHSM METOAY CKIHYEHHUX €JIEMEHTIB OyJio
MOKa3aHo, IO NOCHWJIEHHA TpaauuiiHoi rBUHTOBOI (ikcamii IPII B ymoBax
(GyHKIIOHATFHOTO HaBaHTAXEHHS (CKOPOYEHHSI M’sI31B MPHU JTOBUILHOMY 3MUKAaHHI
3y0iB Ta CKOPOYCHHS JIATEPATLHOTO KPHIIOBUIHOTO M’s13a) CIIPUYHMHSE 3MCHIIICHHS
€KBIBaJICHTHUX HAmpyXeHb y KicTui B 2-10 pa3iB Ta 30UIbIIEHHS >KOPCTKOCTI
dikcarii B 1,25-3 pa3u MOPIBHSIHO 3 TPAAUINIHHOI METOIMKOIO OCTEOCHHTE3Y
rojiBku HII[ 1BOMa TOBrUMHU MO3UIIIOHYIOUMMH TBUHTAMHU.

B xomi kimiHIYHOTO BUBYEHHS €(QEKTUBHOCTI PO3POOJIEHUX METOJUK



nikyBanHs [II'HII[ 6ymo BcTaHOBIEHO, IO X BUKOPUCTAHHS J103BOJISIE BIPOT1IHO
30UIBIIMUTH TOYHICTh PEMO3UIli KICTKOBUX YJIAMKIB Ta CTaOLIBHICTh iX dikcarltii.
MaxkcuMmanbHe BIAXWICHHS MK BIpTyaJIbHO-PEIIOHOBAHOIO TOJIIBKOIO (TIJIaHYBaHHS
XIpypriyHOTO BTPYYaHHs) Ta OTPUMAHUM KIIHIYHUM pe3yiabTaToM, 3a qanumMu KT,
MpU 1IbOMY 3MEHIIY€eThCsl B cepennbomy Ha 40% (3,3+0,87 mpotu 5,05+£2,5 mMm)
MOPIBHAHO 3 TPAAUIIMHUMHM METOJIaMU BIIKPHUTOI PEMO3UIlli Ta OCTEOCHHTE3Y, a
TOYHICTh BIJHOBJICHHS BHCOTH TUIKM 3poctae Ha 43%. 3aragpHa YacToTa
HiCISIONEpallifHUX ~ YCKJIaJAHEHb TPU  3aCTOCYBaHHI  pO3pPOOJICHOTO  HaMHU
uudposoro nporokony JikyBanss [II'HIL cknana 15% npotu 36% B KOHTpOIBHIN
rpymi. 3acrocyBandss CAD/CAM TexHOJOTrIT BIpOTiIHO HE BILIMBAJIO HA YaCTOTY
YCKJIQAHEHb THIMHO-3aMaJIbHOTO XapaKTEPy Ta JII3UC KICTKOBUX (DparMeHTIB, aje 3a
PaxyHOK TOKpaIleHuX 0l0MeXaHIYHUX BJIACTHBOCTEH cucteMu (pikcarlii, BIpOTiTHO
3HUKYBAJIO0 YacTOTYy BTOPHMHHOIO 3MIIMICHHS YJAMKIB Ta JE31HTErpaiii CUCTEMHU
«(ikcarop-kictka» (Ha 14 %, p<0,05).

Buxopucranns xipypriyHux mabJioHIB Ta MaiieHTcnenuiyaux (HikcaTopis
y mnamienTiB 3 [II'HI] 3a paxyHOK OUIbII TOYHOI PEMO3UII Ta 3MEHIICHHS
1HBa3UBHOCTI XIPYPTiYHUX BTPYYaHb JO3BOJISUIO MOKPAIIMTH iX (DYHKIIIOHAIBHI
pe3yJbTaTh TIOPIBHSHO 3 TPAAUIIMHUMHU METOJaMH OCTCOCHUHTE3Y B TEpPMIH
CIOCTEpEXEHHsI 3 MicsAll Micas TpaBMU, a caMe 30UIbIIUTH MaKCHUMAaJIbHY
amrutityny pyxie HII na 6,4-20%, 3MEHIIWTH YacTOTY PO3BUTKY IUCHYHKINT
CEepEeIHbOr0 1 BaXXKOro crymneHss Ha 63,5%, Ta BIpOTAHO 3HU3UTU CEPEIIHE
3HaueHHA 1HAeKkcy KiiHiuHOT muchyukmii (Di) 3a Helkimo (4,2+4,1 mportu
7,1+4,2).

3arasioM, pe3yibTaTd  JOCHIDKEHHS  CBiYaTh, 1[0 3aCTOCYBaHHS
HaBIraliMHUX XIPypriuHUX MIa0JIOHIB Ta maiieHTcnenugiyHux ¢ikcaTopiB y
noctpaxkanux 3 [IIHI] go3Bossie mokpamuTyd aHaTOMIYHI Ta (DYHKIIOHAJIbHI
pe3yapTaTH iX JIKyBaHHS Ta 30UIBIIMTA TOYHICTH 1 MPOTHO30BAHICTH
OCTEOCHHTE3y. BIpoBa/KeHHS LMX MIAXOMAIB B KIIHIYHY MPAKTUKY JO3BOJIUIO
BIPOT1/IHO MIABUUIUTH MPELM3IHHICTh BIAHOBIEHHS aHATOMIYHOI ()OPMH TOJIIBKU

HIIl, 3meHmmMTH YacTOTy MIiCIsSONEepaliiHUX YCKIAJAHEHb Ta (DYHKIIIOHATBHUX



MOPYIIEHb, 32 PAXYHOK 4OTro OyB JOCATHYTHIN MO3UTUBHUN MEIUKO-COIIaTbHHIN Ta
C€KOHOMIYHHH €(eKT.
KarouoBi ciaoBa: mnepeiomu romiBku HmwkHBOI mienenn, CAD/CAM

TEXHOJIOT1, XipypriuHi a0JIOHH, 1HAUBITyaT130BaH] IIaCTHHHU.



SUMMARY

Pavlychuk T. O. Clinical and biomechanical substantiation of methods for
surgical treatment of condylar head fractures. — Qualification research work on the
manuscript basis. — Qualifying scientific work on the rights of the manuscript.

The dissertation for a scientific degree of the doctor of philosophy in the
field of knowledge 22 Health care on a specialty 221 Dentistry. — Bogomolets
National Medical University of the Ministry of Health of Ukraine , Kyiv , 2021

The dissertation presents a theoretical basis and practical solution to the
actual problem of dentistry and maxillofacial surgery - improving the efficacy of
surgical treatment and rehabilitation of patients with fractures of the condylar head
(CHF) of the mandible by developing new methods of osteosynthesis using CAD /
CAM technology and patient-specific fixators.

The research was aimed at analyzing the topographic characteristics of CHF,
determining biomechanically unfavorable types of fractures, creating new systems
for their open reduction and fixation, as well as at development of
biomechanically-based approaches to surgical treatment of CHF using CAD /
CAM technologies and patient-specific fixators.

The research program consisted of 2 stages: experimental and clinical. At the
first stage, the general principles of the biomechanical behavior of the “fixator-
bone” systems in CHF were studied, as well as the rigidity and strength of different
types of fixators in variable deformation conditions. Thus, in experiment on dry
human cadaver mandibles, a comparison of traditional fixation systems used in
osteosynthesis of the mandibular head (titanium screws, bioresorptive pins and T-
shaped plates) was performed. A distinctive feature of the research was the
reproduction of different types of deformation, which corresponded to the real
conditions of the mandibular load in the relevant phases of the masticatory cycle.
Subsequently, using the method of simulation computer modeling, the elements of
fixing structures were improved and their biomechanical characteristics in a

complex stress-strain state were studied.



The data obtained in the experiment formed the basis for the development of
the new approaches to the treatment of CHF with the use of computer methods of
diagnosis, planning and implementation of surgical interventions in accordance to
a complete digital protocol. The efficacy of the developed approaches was studied
in a prospective controlled study conducted in 42 patients with 50 CHF.

In the experimental studies, it was found out that traditional titanium
bicortical screws provide the highest rigidity and strength of fixation under the
load in the sagittal and frontal planes: 46.9 = 31.37 and 36.92 + 20.34 N / mm,
respectively. Fixation with bioresorptive pins showed less rigidity at both sagittal
(29.07 £ 9.03 N / mm) and frontal load (39.3 + 16.6 N / mm). The lowest rigidity
was found when fixing the fragments of the mandibular head with a T-shaped
titanium miniplate: 10.9 = 10 N / mm - in sagittal and 17.9 = 10.11 N/ mm — in
frontal loading. Fixation with one screw or pin, regardless of the material used,
was not resistant to torsional deformation. Instead, the torsional rigidity of the T-
plates was quite high and averaged 518.3 = 111.9 N * mm / Rad. In real clinical
conditions, torsion can be effectively compensated by fracture surface irregularities
and friction force between fragments only in biomechanically favorable cases;
otherwise, to stabilize this type of deformation, it is advisable to use a combination
of bicortical positioning screws with mini- and microplates.

Subsequently, the methods of 3D-visualization and computer simulation
were used to study the topographic and anatomical features of different types of
CHF and new anatomical and functional concept of design, manufacturing and
usage of the surgical guides and patient-specific fixators in treatment of this
category of patients, based on digital protocol was proposed.

After analysis of computed tomograms of patients in clinical groups, CHF
were divided into 3 types with specific patterns of bone destruction, which required
different treatment approaches: Type | - biomechanically favorable linear fractures
with the thickness of the cortical bone layer in the lateral pole of the condylar
head> 0.8 mm (present in 34% of cases), type Il - biomechanically unfavorable

CHF with a thickness of the cortical bone layer <0.8 mm and / or minor



fragmentation of the lateral pole of the condylar head (41% of cases), type Il -
multi-fragment CHF (25% of cases). The complexity of case and difficulties in
achieving anatomically accurate reduction and functionally stable fixation
increased from 1 to Il types. The proposed differentiated approach, based on full
digital protocol and the use of CAD / CAM technologies (Patent of Ukraine for
invention Ne 123336 from 17.03.2021), included in particular, the use of
repositioning and navigation surgical guides with advanced design to improve the
accuracy of operations. In addition, in cases of unfavorable type Il fractures,
individualized titanium plates with optimized shape were used, and in case of type
Il CHF, individualized reinforcing plates (IRP) were applied.

In an experiment on simulation computer models of "fixator-bone" systems
using the finite element method, it was demonstrated that the strengthening of the
traditional screw fixation with IRP under functional load (muscle contraction in
central/anterior occlusion or contraction of the lateral pterygoid muscle) causes a
decrease in equivalent stresses in the bone by 2-10 times and an increase in
fixation stiffness by 1.25-3 times compared to the traditional methods of condylar
head osteosynthesis with two long positioning screws .

In clinical research the effectiveness of the developed methods for CHF
treatment was studied. It was demonstrated that their use can significantly increase
the accuracy of bone fragments repositioning and the stability of their fixation. The
maximum deviation between the virtual-repositioned condylar head (surgical
planning) and the obtained clinical result, according to CT, decreases by an
average of 40% (3.3 = 0.87 vs. 5.05 = 2.5 mm) compared to traditional methods of
open reduction and osteosynthesis, and the accuracy of restoring the height of the
mandibular ramus increases by 43%. The overall incidence of postoperative
complications in digital treatment protocol for CHF was 15% versus 36% in the
control group. The use of CAD / CAM technology did not affect significantly the
incidence of infection and inflammatory complications as well as the lysis of bone

fragments, but due to the improved biomechanical properties of the fixation



system, significantly reduced the frequency of secondary displacement of the
fragments and disintegration of the “fixator-bone” system (by 14%, p < 0.05).

The use of surgical templates and patient-specific fixators in patients with
CHF due to more accurate repositioning and reducing the invasiveness of surgical
procedures allowed to improve their functional results compared to traditional
methods of osteosynthesis in the follow up period of 3 months after injury: the
maximum amplitude of jaw movements increased on 6.4-20%, the incidence of
moderate and severe dysfunction was reduced by 63.5%, and the mean Helkimo
clinical dysfunction index (Di) also decreased (4.2 £ 4.1 vs. 7.1 +£4.2).

In general, the results of the study showed that the use of navigational
surgical guides and patient-specific fixators in patients with CHF improved the
anatomical and functional results of their treatment and increase the accuracy and
predictability of osteosynthesis. The implementation of these approaches in clinical
practice significantly increased the precision of restoration of the anatomical shape
of the mandibular head, reduced the frequency of postoperative complications and
functional disorders, thereby achieving a positive medical, social and economic
effect.

Key words: mandibular head fractures, CAD/CAM technologies, surgical

guides, individualized plates.
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