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CUVINTE-CHEIE

Radiologie digitalda, punti dentare, forte functionale de compresiune, forte de reactiune
coeficienti de rezistenta, modul de elasticitate.

REZUMAT

Teza de doctorat avand titlul “Utilizarea aspectelor radiologice in conceperea si
realizarea unei solutii protetice fixe cu ajutorul unor instrumente matematice” este
structuratd conform normelor in vigoare, fiind compusa din urmatoarele parti/capitole: cuprins,
introducere, stadiul actual al cunoasterii cuprinzand primele 4 capitole, contributiile originale
cuprinzand ultimile 3 capitole, o parte de concluzii generale si bibliografie, totul Tnsumand 278
de pagini.

In cadrul primelor 4 capitole este descris stadiul actual al domeniului abordat in cadrul
tezei de doctorat.

In cadrul primului capitol sunt prezentate pricipalele metode de stabilire a dimensiunilor
elementelor componente ale unitatii dento-periodontale pe radiografiile dentare obtinute cu
ajutorul tehnicilor analogice.

Capitolul al doilea cuprinde o clasificare a principalelor sisteme radiologice digitale
utilizate in medicina dentara, atit cele 2D cat si cele 3D. Sunt prezentate principalele metode de
realizare a masuratorilor elementelor anatomice, prezente pe imaginea radiologica digitala sau pe
reconstructia 3D obtinutd, cu ajutorul instrumentelor digitale de masura oferite de software.

Capitolul al treilea urmareste nivelul actual de utilizare a informatiilor obtinute in urma
examindrilor radiologice digitale sau analogice, in cadrul fazei protetice a tratamentului de
reabilitare orald complexad, in special in faza de concepere a unei lucrari protetice fixe de tipul
puntilor dentare. Sunt prezentate valorile numerice medii relative ale coeficientilor de rezistenta
parodontald si a dimensiunilor dintilor stalpi, ale fortelor masticatorii prezentate in cadrul
diferitelor studii in literatura de specialitate, precum si ale modelor de elasticitate, densitate si
Poisson’s ratio ale atat ale structurilor de suport, respectiv unitatea dento-periodontald, ale unor
materiale frecvent utilizate in stomatologie. Deasemenea sunt prezentate si valorile numerice
medii reale ale modulului de elasticitate, a rezistentei la compresiune si iIncovoiere, ale diferitelor
categorii de materiale dentare, conform referinfelor din literatura de specialitate si oferite de
catre producatori, precum si modalitatea actuald de alegere a materialului utilizat pentru
realizarea puntilor dentare.

In capitolul al patrulea sunt prezentate principalele limite ale modalititii actuale de
concepere a planului de tratament protetic fix, aceste limite referindu-se la capacitatea de
individualizare a lucrarilor protetice fixe, respectiv la modul de utilizare a datelor oferite de
campul protetic.

Contributiile personale sunt reprezentate de capitolele 5-7 precum si de partea de
concluzii generale, acestea reprezentand aproximativ 70% din volumul tezei.

Ipoteza de la care s-a pornit in realizarea acestei lucrari a fost reprezentatd de
posibilitatea de a realiza o imbunatatire a gradului de individualizare al conceperii unui plan de
tratament protetic prin intermediul puntilor dentare, respectiv capitolele 5-7, comparativ cu
gradul de individualizare considerat nesatisfacator oferit de metoda clasica de concepre a
planului protetic fix, prezentatd mai amanuntit in cadrul capitolului 3.

Obiectivul al acestei lucrari a fost acela de a propune, dezvolta si cerceta o metoda
matematicd, cuprinzand la rindul ei mai multe modele de calcul matematic, fiecare dintre acestea
avand mai multe etape. Prin intermediul acestei metode de calcul matematic se poate Tmbunatatii
gradul de individualizare/succes al conceperii planului protetic fix prin intermediul puntilor
dentare punctul de pornire fiind reprezentat de metoda clasicd de concepere a planului de

4



tratament protetic fix, prezentatd in cadrul primelor patru capitole. Metoda matematica, prin
intermediul modelelor de calcul matematic, urmarind etapele propuse, amelioreaza semnificativ
modalitatea de alegere a numarului de dinti stalpi, a determinarilor valorilor numerice reale
medii ale fortelor functionale verticale precum si a alegerii unei anumite grupe de materiale atat
pentru realizarea structurii de rezisten{d cat si pentru placare, in functie de valorile numerice
determinate ale fortelor functionale verticale

Modalitatea prin care s-a indeplinit acest obiectiv a fost reprezentatd de utilizarea unor
particularitati ale metodei elementului finit, prin intermediul calculelor matematice din domeniul
fizicii solidului, si cu ajutorul datelor oferite de examenul radiologic digital al campului protetic
neutilizate in practica.

In cadrul capitolului 5 a fost prezentati modalitatea de imbunitatire a metodei clasice de
alegere a numarului de dinti stalpi, bazata pe coeficientii de rezistentd ai acestora, cu ajutorul
metodei matematice de determinare a rezistentei la compresiune a unitatii bazei poliedrice de
suport, cercetate, pe baza informatiilor oferite de radiologia digitala.

Metoda matematicd se desfigsoara in 3 etape, utilizeazd wvalorile numerice ale
dimensiunilor elementelor componente ale cAmpului protetic, respectiv a bazei poliedrice de
suport, masurate cu ajutorul instrumentelor digitale de masura, pe imaginea radiologica digitala.
Aceste date neutilizate in practica clinica curentd, prelucrate atit cu ajutorul unor particularitati
ale Metodei Elementului Finit cat si matematic, pot determina valoarea numerica reala a fortelor
reactionale/fortelor functionale verticale. In prima etapa s-a realizat investigatia radiologica
initiald digitald intraorald si extraorald a unitatilor dento-periodontale. In a doua etapa,
utilizandu-se particularitati ale metodei elementului finit, s-au efectuat calculele matematice ale
volumelor elementelor componente ale unitatilor-dentoperiodontale, respectiv smalt, dentina, os
cortical si trabecular. In etapa a treia valorile numerice ale volumelor elementelor componente
ale unitatilor dento-periodontale, respectiv smalt, dentind, os cortical si os trabecular, calculate
anterior, au fost introduse in calculele matematice din cadrul fizicii solidului.

Astfel s-au calculat valorile numerice minime medii reale necesare ale rezistentei la
compresiune a bazelor poliedrice de suport precum si valorile numerice medii reale ale fortelor
de reactiune care se manifesta la nivelul bazelor poliedrice de suport.

In cadrul capitolului 6 a fost prezentatd modalitatea de imbunititirea metodei clasice de
alegerea a tipului de material din care este alcatuit retentorul si corpul de punte, bazatd pe
coeficientii de rezistentd la compresiune si incovoiere a materialelor propuse a fi utilizate, pe
valorile numerice ale deformatiei maxime a corpului de punte, precum si cele ale modulelor de
elasticitate ale materialelor, pe baza informatiilor oferite de radiologia digitala

Determinarea tipului de material prin intermediul metodei matematice a avut la baza un
criteriu de excludere bazat pe compararea valorilor numerice medii minime necesare ale:

- coeficientilor de rezistentd la compresiune, a retentorului, in cazul lucrarilor protetice fixe
unidentare, si pe coeficientii de rezistenta la incovoiere ale retentorilor si a corpului de punte, in
cazul lucrarilor protetice fixe pluridentare;

- a deformarii maxime si a deformarii maxime admisibile teoretic, a corpului de punte, in cazul
corpurilor de punte, avand structura de rezistenta alcatuitd din aliaje metalice;

- ale modulelor de elasticitate a materialelor de placare necesare, in functie de punctul de
aplicare al fortei active la nivelul corpului de punte, cu coeficientii de rezistentd la
compresiune/incovoiere, deformare maxima, si ale modulelor de elasticitate, ale diferitelor
materiale care pot alcatui structura de rezistentd a lucrarii protetice fixe.

Prin aceastd comparare a coeficientilor de rezistentd la compresiune se pot exclude
materialele care nu intrunesc caracteristicile de rezistentd necesare. Aceastd modalitatea de
stabilire a tipului de material poate contribui la cresterea gradului de individualizare a lucrarilor
protetice fixe.

Imbunatatirea gradului de individualizare/succes al conceperii planului protetic fix prin
intermediul puntilor dentare, precum si evaluarea si cuantificarea acestuia, studiul clinic
prezentat in cadrul capitolului 7, a fost atins prin intermediul Tmbunatatirii metodei clasice de



alegere a numarului dintilor stalpi, respectiv prin intermediul calcularii valorilor numerice reale
ale fortelor functionale verticale, a dimensiunilor si tipului de material din care este alcatuit
retentorul si corpul de punte, pe baza informatiilor oferite de radiologia digitala, si nefolosite n
practica clinica.

Se poate creste gradul de individualizare/succes al unei lucrari protetice fixe de tipul
puntii dentare prin intermediul conceperii si realizarii unui plan de tratament protetic avand un
grad crescut de individualizare utilizand metoda de calcul matematic bazatd pe calculele
matematice din cadrul mecanicii corpului solid precum si pe particularitatile metodei elementului
finit, prezentatd in cadrul capitolelor 5 si 6.

Astfel obiectivul principal este reprezentat de urmadrirea si evaluarea modificarilor
radiologice observate in urma examenelor radiologice digitale de control la 3, 6, 9, si 12 luni,
asupra suportulului osos al dintilor stilpi, comparativ cu rezultatele examindrii radiologice
digitale initiale.

Pentru a se confirma acest obiectiv aceste modificari ar trebui sa fie mai reduse/absente
in cazul lucrarilor protetice fixe, respectiv a puntilor dentare, a caror concepere a planului
protetic s-a realizat cu ajutorul metodei cercetate, respectiv metoda clasicd Tmbunatatita, si
prezentatd anterior in cadrul capitolelor 5 si 6, decat in cazul celor a céror concepere s-a realizat
prin metoda clasicd, ceea ce ar denota o Tmbunatatire a gradului de individualizare a conceperii
planului protetic fix.

Concluziile generale sunt in numar de 35, referitoare la metoda matematicd propusa,
dezvoltata, cercetatd si prezentatd si constituie o parte separatd in cadrul tezei de doctorat.
Acestea sunt:

1. Una dintre premisele de la care s-a pornit in elaborarea acestei metode de calcul
matematic a rezistentei la compresiune si a fortelor de reactiune manifestate la nivelul
bazei poliedrice, prezentate in cadrul capitolului 5, care utilizeaza valorile numerice ale
dimesiunilor anatomice ale elementelor componente ale bazei poliedrice de suport, se
bazeazd pe mentinerea dimensiunilor elementelor componente ale cdmpului protetic o
perioada indelungata de timp denotand existenta unui echilibru functional intre valoarea
numericd a fortelor functionale/active si cele de reactiune precum si a rezistentei la
compresiune, aparute la nivelul bazei poliedrice de suport.

2. Calculele matematice care au fost utilizate la elaborarea metodei cercetate si
prezentate, precum si studiile efectuate in acest sens, au avut la baza premisele si
ipotezele tratate/prezentate n cadrul capitolelor 5-7, in partea de consideratii generale.

3. Prin intermediul metodei propuse si cercetate s-au determinat valorile numerice
medii reale fortelor de reactiune, a bazelor poliedrice de suport, reprezentate de dinte si
osul inconjurator, in functie de dimensiunile elementelor componente ale campului
protetic, pentru un camp protetic relativ integru (avand unitatile dentare relativ integre si
bresa edentatd cu un grad redus de atrofie osoasd), dovedindu-se viabilitatea metodei de
calcul matematic propuse.

4. In modelul de calcul matematic prezentat in aceastd lucrare, s-a luat in
considerare baza poliedrica de suport a dintilor stalpi, atat unitatile dentare cat si osul
inconjurator pentru un camp protetic relativ integru, valoarea numericd medie reala
determinatd, a fortelor de reactiune, fiind cuprinsa in intervalul valorilor numerice, ale
fortelor functionale, prezentat in literatura de specialitate.

5. Prin intermediul metodei propuse s-au determinat valorile numerice medii reale
ale coeficientilor de rezistenta al compresiune a bazelor poliedrice de suport, reprezentate
de dinte si osul Inconjurdtor, pentru un camp protetic relativ integru, in functie de
dimensiunile elementelor componente ale campului protetic.

6. Desi existd un anumit grad de amortizare/disipare a unei parti variabile din
valoarea fortei functionale/active, la nivelul osului s§i a sistemului periodontal,
determinarea efectiva este dificild si variaza individual. Acesta este unul alt motiv pentru
care apare o diferentd intre diferitele valori numerice citate in literatura de specialitate a



10.

11.

12.

13.

14.

15.

Gradul de fidelitate a valorilor numerice ale coeficientilor de rezistentd la
compresiune a bazelor poliedrice de suport, determinate cu ajutorul acestei metode
matematice este mai mare decat valorile numerice ale coeficientilor de rezistentd a
dintilor stalpi evidentiate in literatura de specialitate, si prezentate in capitolului 3.

Pe baza acestor coeficienti numerici de rezistentd la compresiune, determinati prin
metoda de calcul matematic propusa in capitolul 5, se poate obtine atat o mai buna
individualizare a planului protetic fix, in special in cazuri mai complexe, cat si alegerea
motivata printr-un calcul matematic a numarului de dinti stalpi.

Tinand cont ca valorile determinate si prezentate in cadrul tabelelor XV-XVIII,
ale fortelor de reactiune si ale coeficientilor de rezistentd la compresiune, a bazelor
poliedrice de suport, sunt determinate pentru un cdmp protetic relativ integru, utilizand
valori numerice medii ale elementelor componente ale campului protetic, citate in
literatura de specialitate, in conditiile unui grad variabil de distructie a cAmpului protetic
devin nesatisfacatoare. Din acest motiv in metodele de calcul matematic, prezentate in
cadrul capitolului 5, trebuiesc introduse valorile numerice reale, ale elementelor
componente ale cdmpului protetic, obtinute in urma masuratorilor realizate cu ajutorul
instrumentelor de masura digitale pe imaginile radiologice digitale.

Ca si limitd a metodei propuse in cadrul capitolului 5, ar putea fi considerata
stabilirea pozitiei dintilor stilpi, care ramane la latitudinea experientei clinicianului, si
care va fi rezolvata intr-o etapa ulterioara

Metodele actuale de alegere a tipului de material au o serie de limite. Una dintre
acestea se refera la faptul ca analiza Incepe de la un model de gips, deci se analizeaza
doar partea coronara a unitatilor dentare, fara sa se {ind seama de arhitectura radiculara si
osoasd, care constituie de fapt baza poliedrica de suport pe care se sprijind lucrarea
protetica fixa, ducand la o reducere substantiald a gradului de individualizare a
rezultatelor obtinute, cu toate inconvenientele ce rezultd din acest lucru.

In cadrul metodei elementului finit, utilizata in diferite studii clinice referitoare
la dinamica puntilor dentare, modalitatea de alegere tipului de material utilizat in
confectionarea lucrarii protetice fixe, este realizatd de catre software-uri similare cu
Ansys, se alocd valori numerice aleatorii fortelor active, in marja prezentata in literatura
de specialitate, ce actioneaza la nivelul retentorilor/corpului de punte, din acest motiv
valoarea reald a masurdtorilor fortelor precum si a coeficientilor de rezistentd la
compresiune/incovoiere/deplasare determinati este redusa, la fel si gradul de
individualizare. Astfel software-ul alege tipul de material pe baza acestor informatii care
au un grad redus de individualizare, ceea ce poate determina aparitia de erori in alegerea
materialului.

Premisa de la care s-a pornit in elaborarea acestei metode de calcul matematic a
tipului de material, capitolul 6, care utilizeaza valorile numerice ale dimesiunilor
anatomice ale elementelor componente ale bazei poliedrice de suport, se bazeaza pe
mentinerea acestor dimensiuni o perioada indelungatd de timp denotind existenta unui
echilibru functional intre valoarea numerica a fortelor functionale/active si cele de
reactiune precum si a rezistentei la compresiune, aparute la nivelul bazei poliedrice de
suport.

In cadrul metodei de alegere a tipului de material a structurii de rezistentd a
lucrarii protetice fixe precum si a materialului de placare se utilizeazd informatiile,
respectiv valorile numerice medii reale masurate si calculate ale elementelor componete
ale bazelor poliedrice de suport oferite de examenul radiologic digital.

Se poate alege tipul de material necesar pentru realizarea retentorilor, fie coroane
mixte, metalo-ceramice sau metalo-RDC, fie integral ceramice, RDC sau RA, pe baza
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Se poate alege tipul de material necesar pentru realizarea corpului de punte,
indiferent de lungimea sa, fie mixt, metalo-ceramic sau metalo-RDC, respectiv a aliajului
metalic, fie integral ceramic, RDC sau RA, prin calcul matematic al valorilor numerice
reale medii minime ale rezistentei la incovoiere ale materialelor propuse a fi utilizate,
urmand apoi compararea cu valorile numerice ale rezistentelor la incovoiere oferite de
poducatori.

Coeficientii de corectie propusi si utilizati pe parcursul metodei cercetate au
valoarea numerica cuprinsa intre 0.01-0.9, in functie de proprietatile fizicomecanice ale
materialelor, precum si avandu-se 1n vedere rezultatele experimentale oferite de
producitor si evidentiate 1n lucrari de specialitate, descriu comportarea reala a diferitelor
tipuri de materiale care Indeplinesc caracteristicile corpului solid.

Se poate alege tipul de material de placare, pe baza metodei matematice de calcul
prezentate in cadrul capitolului 6, calculandu-se valoarea numerica maxima a deformarii
corpului de punte, urmand cd pornind de la aceasta sd se poatd calcula modulul de
elasticitate a materialului propus si sd se poatd realiza compararea cu valorile numerice
oferite de producatori.

Valorile numerice ale rezistentelor la compresiune si incovoiere au fost calculate
pentru un camp protetic relativ integru, avand un grad redus de distructie al bazelor
poliedrice de suport, precum si o atrofie redusd a nivelului osos al bresei edentate. Din
acest motiv orice modificare a dimensiunilor elementelor componente ale campului
protetic va influenta semnificativ valoarea numericd a volumelor calculate, ceea ce va
conduce la modificarea rezultatelor obtinute in urma calculelor matematice ale metodei
prezentate anterior.

In cadrul acestei metode nu s-a luat in considerare existenta si tipul legaturilor
existente in cazul placarilor, pentru lucrarie mixte metalo-ceramice/compozite/acrilice
sau a celor de tip Bellglass armate cu fibra de Kevlar/Construct, acestea putand de
asemenea influenta necesarul de rezistentd a materialului care constituie structura de
rezistentd, In sensul reducerii sau cresterii acesteia, aparand astfel o rezerva suplimentara
de rezistentd la compresiune si incovoiere care poate contracara o creste suplimentara de
scurtd durata a fortelor functionale.

Metoda de calcul matematic prezentatd in cadrul capitolului 6, desi are unele
limite in ceea ce priveste modalitatea de selectare si diferentiere cu precizie intre doua
tipuri de materiale cu valori numerice apropiate, ale rezistentelor la compresiune si
incovoiere, precum si ale modulelor de elasticitate, permite utilizarea ei in practica
clinica, existand posibilitatea dezvoltarii in continuare, crescandu-se astfel nivelul de
precizie a acesteia.

Metoda cercetata, respectiv metoda clasica imbunatatita are un grad de succes mai
ridicat decat metoda clasica. Astfel gradul de succes al metodei cercetate, capitolul 7,
potrivit analizei statistice simple, este de 5,5 ori mai ridicat in cazul primului grup,
reprezentat de cazurile cu brese unidentare, comparativ cu metoda clasica, de 10,83 de ori
mai ridicat in cazul celui de al doilea grup reprezentat de bresele bidentare si de 17 ori
mai ridicat in cazul grupului al treilea care a prezentat brese avand trei unitdti dentare
lipsa.

Metoda cercetata este viabila si superioara metodei clasice, acest lucru fiind
demonstrat prin intermediul datelor cuprinse in cadrul tabelor LXI-LXIII, si prezentate
mai sugestiv 1n cadrul fig. 161-163, din cadrul capitolului 7.

In cadrul analizei statistice complexe, capitolul 7, respectiv testul <’t’* (Student),
valoarea obtinutd, respectiv “’p’’ fiind mai micd de 0,05 a aratat o diferenta statistic
semnificativa intre diferenta de resorbtie osoasa masurata pe parcursul intervalului de 12
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Exista posibilitatea ca in cazul in care se reabiliteaza, prin metoda cercetata, a
unor campuri protetice care au un grad ridicat de distructie ale diferitelor elemente
componente, sa apard o modificare a valorilor medii ale gradului de succes, comparativ
cu metoda clasica. In ciuda acestui fapt rezultatele obtinute confirma faptul ci se asigura
un nivel ridicat al gradului de succes comparativ cu metoda clasica.

Beneficiul clinic al metodei propuse constd intr-o imbunatatire a gradului de
particularizare a realizarii planului protetic fix, in special in cazurile cu un grad crescut de
complexitate, pe baza alegerii numarului de dinti stilpi, a dimensiunilor corpului de
punte; a materialului, a fortelor de rezistentd a componentelor campului protetic, toate
acestea in functie de dimensiunile si gradul de integritate al elementelor componente ale
campului protetic.

Metoda cercetatda este o metoda facila, si usor de aplicat in practica, de
imbunatatire a planului de tratament protetic fix pe baza unei motivatii justificate
radiologic si matematic.Astfel metoda propusa ofera avantajul unei evaludri mai fidele si
rapide a valorilor numerice reale ale fortelor de reactiune si coeficientilor de rezistenta a
bazei poliedrice de suport, a valorilor numerice ale rezistentelor la compresiune,
incovoiere precum si ale modulelor de elasticitate ale materialelor necesare in realizarea
lucrarii protetice fixe, in functie de cAmpul protetic existent.

Este posibila si viabild utilizarea informatiilor oferite de examenul radiologic
digital pentru Tmbunatatirea vechii metode clasice de individualizare a planului protetic
fix.

Existd posibilitatea obtinerii de lucrdri protetice care sa aibd longevitatea
crescutd, o integrarea mai buna in cavitatea bucala, o functionalitate mai buna, precum si
o crestere a gradului de comfort si satisfactie a pacientului

Metodele clasice de alegerea a numarului dintilor stalpi, si de calcul al fortelor de
reactiune care se manifesta la nivelul cdmpului protetic studiat, au un nivel nesatisfacator
in ceea ce priveste gradul de individualizare a conceperii si realizarii unui plan protetic
fix.

Cu ajutorul metodei matematice propuse, de alegere a numarului dintilor stalpi si
a tipului de material, prin imbunatatirea gradului de particularizare a planului protetic fix,
se poate contribui potential atat la cresterea longevitatii lucrarii protetice fixe, prin
reducerea sansei de esec ipotetic cauzat de valori reduse ale ale coeficientilor de
rezistenta parodontald/compresiune ai dintilor stélpi cit si ai coeficientilor de rezistenta la
compresiune, incovoiere si ale modulelor de elasticitate ale materialelor componente ale
lucrarilor protetice fixe, alese in prezent mod arbitrar, cat si o integrare superioard in
cadrul functiilor aparatului dento-maxilar.

Se poate realiza o dezvoltare ulterioard a metodei prezentate, acest lucru ducand
la automatizarea si simplificarea acesteia, prin automatizarea procesului de calcul cu
ajutorul software-ului. Astfel se sperd la realizarea unei interfete intre software-ul
aparatului de radiologice digitala si cel de calcul, realizdndu-se o preluare automata a
punctelor marcate pe imaginile radiologice digitale direct de catre acest din urma
software, care va realiza automat calculele matematice.

Valorificarea stiintifica a cercetarilor si metodelor de calcul matematic utilizate s-a
materializat prin sase articole stintifice, din care doua au fost publicate in anul 2008 in
Revista Clujul Medical, iar restul vor fi publicate in aceasi revista pe parcursul anului
2009:

Moga R.A.: Urmadrirea radiologica a evolutiei modificarilor Tndlfimii nivelului osos, in
cazul puntilor dentare de doua elemente: Clujul-Medical, 2008, vol.81, nr.3, pag:384-
388, ISSN1222-2119



Moga R.A: Avantajele examenului radiologic digital, in analiza campului protetic, cu
ajutorul software-ului imagistic, in comparatie cu cel analogic: Clujul-Medical, 2008,
vol.81, nr.4, pag:556-560, ISSN1222-2119

La baza conceperii si dezvoltdrii metodelor matematice propuse si prezentate in
cadrul acestei lucrari se afla o serie de cercetari stiintifice anterioare, avind punctul de
plecare in cadrul Lucrarii de Dilpoma avand titlul *’Tratamentul protetic prin punti
dentare al edentatiei frontale si latero-frontale maxilare’ sustinuta in anul 2003. Aceste
cercetdri stiintifice au fost continuate materializandu-se printr-un articol stiintific publicat
in cadrul Revistei Transilvania Stomatologica:
Moga R.A.: Principii de baza in cadrul conceperii fazei protetice din cadrul tratamentului
de reabilitare orald al maxilarelor edentate frontal si latero-frontal. Calculul sagetii
sagitale: Transilvania Stomatologica, 2004, anul IV, nr.3, pag.59-70, ISSN 1582-439X

Valorificarea stiintifica a cercetarilor si metodelor de calcul matematic utilizate in
cadrul acestei lucrari va continua prin publicarea si a altor articole stiintifice in reviste
nationale si internationale.

34, Dezvoltarea si valorificarea a metodei cercetate, s-a realizat si prin intocmirea unui
proiect de cercetare stiintifica, aprobat, lansat n competitia organizatd de catre Consiliul
National al Cercetarii Stiintifice din Invatimantul Superior(CNCSIS) - PN II Program
Resurse Umane - Proiect cercetare Tip TD - Competitie 2008 —Nr.CRT 95 Cod CNCSIS
136. Acest proiect de cercetare s-a materializat prin intermediul unui contract de finantare
avand ca obiectiv executia activitatilor proiectului TD Cod 136/2008, avand titlul:
Utilizarea aspectelor radiologice si matematice in conceperea si
realizarea unei solutii protetice fixe.

35. Metoda propusa, dezvoltata, cercetatd, si prezentatd in cadrul acestei lucrari este
integral originalda, constituind o noutate pe plan international, neidentificAndu-se
informatii legate de aceastd abordare matematica a subiectului 1n bibliografia consultata,
atat in literatura de specialitate, cat si pe site-urile specializate, printre care s-a numarat si
PubMed-Medline.

Referintele bibliografice cuprind un numar de 176 autori, fiind citate In text in ordinea
utilizarii acestora.
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ABSTRACT

Phd thesis having the title “The use of radiological aspects in the conceiving and
making of a fixed prosthetical solution using mathematical instruments” is structured
according to academic standards, being structured by the following parts/chapters: summary,
introduction, the actual level of knowledge containing the first 4 chapters, personal contributions
containing the last 3 chapters, a part of general conclusions and referece, all having 278.

In the first 4 chapters is described the actual level of the domain described in this Phd
thesis.

In the first chapter are presented the main methods for establishing the dimensions of the
component elements of the dento-periodontal unit on the analogical dental radiographs.

The second chapter contain a classificaion of the main digital radiological systems used
in dental medecine, both 2D and 3D. There are presented the main methods for conducting the
mesurement of the anatomical elements, emerging on the digital radiological image or on the 3D
reconstruction obtain with the help of digital mesurement instruments ofered by the software.

The third chapter follow the actual level for using the informations obtain after digital or
analogical radiological exams, in the dental prosthetic phase of the complex oral rehabilitation
treatement, especially in the conceiving phase of a fixed prosthetic bridge. There are presented
the average numerical values of the parodontal resistance coefficients and of the dimensions of
the pilar teeth, of the masticatory forces quoted in the literature and of the elasticity modules,
density, Poisson’s ratio of the support structure, dento-periodontal unit, and of frequet used
materials in dental medecine. There are also presented the average numerical values of the
elasticity module, of resistance at the compresion and inflection, of diferent dental materials
cathegorys quoted in the literature and ofered by the producers, and the actual way of choosing
of the material used in making the dental bridges.

In the forth chapter are presented the main limits of the actual way of conceiving the
fixed prosthetic plan, these limits concerning the individualisation capacity of the fixed
prosthetic work, the way of using the data ofered by the prosthetic field.

Personal contibutions are represented by the chapter 5-7 and the general conclusions
part, these representig 70% of the thesis volume.

The working hypotesis was the posibility of making an improuvement of the degree of
individualisation in conceiving a prosthetic plan through fixed dental bridges, the chapters 5-7,
relative to the level of individualisation considered unsatisfactory ofered by the clasical method
of conceiving the fixed prosthetic plan, presented in the third chapter.

The ojective of this study was to propose, develop and study a mathematical method,
containing a few mathematical models of calculation, each of them having a few steps. Through
this mathematical method of calculation can be improuved the level of individualisation/success
in conceiving the fixed prosthetic plan with dental bridges, starting point being the clasical
method on plan conceiving, presented in the first four chapters. Mathematical method, through
the mathematical models of calculation, following the steps described, significantly ameliorate
the way of choosinig the number of pilar teeth, of determining the real average numerical values
of the vertical functional forces and of selecting some groups of materials for the structure of
resistance and for the covering, depending on the detemined numerical values of the vertical
functional forces.
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The way this objective was achieved was the use of some particularitis of the finite
element method, through the mathematical calculation from the solid physics domain and with
the help of data ofered by the digital readiological exam of the prosthetic field not used in
clinical practice.

In the fifth chapter was showed up the way of ameliorate the clasical method of choosing
the number of pilar teeth, based on their coefficients of resistance, with the help of the
mathematical method of determination of compresion resistance of the polyedric support base,
based on the informations ofered by the digital radiology.

The mathematical method follows three steps, uses the numerical values of the
dimensions of the component elements of the prosthetic, respectively the polyedric support base,
mesured with the help of digital mesure instruments on the digital radiological image. These data
not used in clinical practice processed both with the help of particularitis of finite element
method and mathematicaly, can determine the real numerical values of the vertical reactional
forces/functional forces. In the first step was conducted the intra and extraoral radiological exam
of the dento-periodontal unit. In the second step, using some particularitis of the finite element
method, was conducted the mathematical calculations for the volumes of the component
elements of dento-periodontal unit, respectively enamel, dentine, cortical and trabecular bone. In
the third step the numerical values of volumes of the component elements previously calculated
was intruduced in the solid physics mathematical calculations.

Tin this way were calculated both the real average minimal necessary numerical values of
compresion resistance and reactional forces working in the polyedric support bases.

In the sixth chapter was presented the way of improuving the clasical method of
choosing the type of material needed for the retentioner and corp of the bridge, based on the
compresion and banding resistance coefficients of the material proposed for using, on the
maximal deformation of the bridge corp and the elasticity modules of materials, all based on the
digital radiological data.

The determination of the type of material through the mathematical method was based on
the exclusion criteria, based on the comparison between the average necessary minimal
numerical values of:

- compresion resistance coefficient, of the retentioner, in the case of one unit fixed prosthetic
works and the banding coefficient resistance of the retentioner and the bridge corp for the pluri
dental fixed prosthetic works;

- maximal deformation and theoretical maximal acceptable deformation of the bridge corp, for
the metal works;

- the elasticity modules of necessary covering materials depending on the application point of the
active force on the brige corp, with the compresion and bending resistance coefficients, maximal
deformation and elasticity modules, of diferent materials which can be used for the resistance
structure of the fixed prosthetic work.

Throungh this comparation of the compresion resistance coefficients can be excluded the
materials not siuted for the needed resistance. This was establishing the type of material that can
be used for enhancing the level of individualisation of fixed prosthetic work.

The enhancement of the individualisation/succes level in conceiving the fixed prosthetic
work, through dental bridges, and the evaluation and quantification of this one, the clinical study
described in the seventh chapter, was achieved through the enhacement of the clasical method of
choosing the pilar teeth, respectively through the calculation of the numerical values of the
vertical functional forces, of the dimensions and type of material used in making of the bridge,
based on the data ofered by the digital radiology and not used in current clinical practice.

There can be enhaced the individualisation/succes level of a fixed prosthetic work, as a
dental bridge, by conceiving and making a prosthetic treatement plan having a enhanced level of
individualisation, using the mathematical calculation method based on the mathematical
calculations from the solid mecanics and as well as the particularitys of the finite element
method, presented in the chapters 5 and 6.
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This way the main objectives were the following and the evaluation of the radiological

modifications observed after the control digital exams at 3, 6, 9 and 12 month, on the bonny pilar
teeth support, comparatively with the inital radiological observations.

For confirming this objective, the modifications should be redused /absent for the fixed

prosthetic work made by studyed method, respectively the enhanced clasical method and
presented in the chapters 5 and 6, than those made through the clasical method, which would
denote an enhancement of the level of individualisation of conceiving the fixed prosthetic plan.

The general conclusions are in a great number, respectively 35, refering to the proposed,

developed, studyed and presented mathematical method, and constitute a separate part inthe Phd
thesis. Those are:

36.

37.

38.

39.

40.

41.

42.

43.

One of the premises used in the elaboration of this calculation mathematical
method of the compresion resistance and reactional force acting in the polyedrical
support base, presented in the fifth chapter, which uses the numerical values of the
anatomical component elements of the polyedric support base, are based on maintaining
the component elements dimensions of the prosthetic field across a long period of time,
prouving the functional balance between the numerical value of the functional/active
forces and those of reaction and compresion resistance, apeared in the polyedrical suport
base.

The mathematical calculations used in elaborating of the studyed and presented
method, as well as the studies conducted in this direction, were based on the premises and
hypotesis, presented and treated in the chapters 5-7, in the part of general considerations.

Through the proposed and studied method were determined the real average
numerical values of the reactional forces, of the polyedrical support base, acting in the
tooth and surrounding bone, depending on the dimensions of the component elements of
the prosthetic field, for a prosthetic field having a verry high level of integrity (having the
dental units relativly integer and the edentuolus space with a reduced degree of bony
atrophy), prouving the viability of the proposed mathematical method.

In the mathematical model showed off in this study, was taken in consideration
the polyedrical support base of the pilar teeth, both dental units and the sorruonding bone,
for a relatively integer prosthetic field, the real average numerical value determined for
the reactional forces being contained in the interval of numerical value quoted in the
literature.

Through the propesed method were determined the real average numerical values
of the compresion resistance coefficients of the polyedrical support base, which is
represented by the tooth and the surrounding bone, for a relatively integer field,
depending on the dimensions of the component elements of the prosthetic field.

Although there is a certain degree of amortisation/dissipation o a variable part of
the functinal/active force, at the bony and periodontal level, the effective determination is
verry dificult and could vary individualy. This is another reason way there is a diference
between the numerical values of the functional forces quoted in the literature, variables
from author to author, and presented in the first line of the tables XV and XVI, and the
determined values through the studied method and presented in the second line in same
tables.

The fidelity degree of the numerical values of the compresion resistence
coefficients of the polyedrical support base, determined whith the help of the
mathematical method is larger than the numerical values of the resistance coefficients of
the pilar teeth quoted in the literature and presented in chapter 3.

Based on these compresion resistance numerical coefficients, determined through
the mathematical calculation method proposed in the fifth chapter, can be achieved both a
better individualisation of the fixed prosthetic plan, esspecialy in the more complex cases
and the mathematicaly motivated choosing of the pilat teeth.
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44.

45.

46.

47.

48.

49.

50.

51.

52.

Taken in consideration the fact that the determined values, presented in the tables
XV-XVIII, of the reactional forces and the compresion resistance coefficient, of the
polyedrical support base, are determined for a relatively integer prosthetic field, using the
average numerical values quoted in the literature, in the case of a highly degree of
destruction of the prosthetic field became unsatisfactory. This is the main motive way in
the mathematical calculation methodes, presented across the fitth chapter, must be
introduced the real numerical values of the component elements of the prosthetic field,
obtained after the mesurements carryed out with the help of digital mesurement
instruments, on the digital radiological images.

As a limit of the proposed method in the fifth chapter, could be considered the
establishing of the pilar teeth, which remain in the hands of the clinician, and would be
resolved in a further study.

The actual methods of choosing the type of material has a series of limits. One of
those is the fact that the analyses starts with a gypsum model, so there is only a analyse of
the crown on the dental units, without taking in consideration the radicular and bony
architecture, which constitute the polyedrical support base of the fixed prosthetic work,
leading to a highly reduction of level of individualisation of the obtaining resultats.

In the case of finite element method, used in different clincal studies about the
fixed brideges dinamic, the choosing of the type of material need for the prosthetic work,
is conducted by the softwares like Ansys, which assign aleatory numerical values to the
active force in the interval presented in the literature, in this way the real value of this
measerements of the forces as well as of resistance/bending/displacement coefficients is
verry reduced and so teh level of individualisation. This kind of software can choose the
type of material based on the informations which have a highly reduced level of
individualisation and can produce erors in choosing the needed material.

The premise the mathematical method was based on in calculating the material
type, the sixth chapter, uses the numerical values of anatomical elements dimensions of
polyedrical support base elements, and is based on the maintenance of this dimensions
for a long period of time, showing a functional balance between the numerical values of
functional/active forces and those of reaction and compresion resistance, appared in the
polyedrical support base.

In the process of choosing the type of material for the resistance structure of
fixed prosthetic work as well as for the covering material, are used the informations,
respectively the averege real numerical values mesured and calculated of the component
elements of polyedrical support base, ofered by the digital radiologycal exam

There can be chose the necessary type of material needed for making of the
retainers, either being mixed crowns, metal-ceramic/metal-RDC, or all ceramic/RDC/RA,
based on the mathematical calculation of the minimum real average numerical values of
the compresion and bending resistance of the material proposed for using, in the end
making the comparation with the values of the numerical compresion and bending
resistance ofered by the producers.

There can be chose the type of material needed for the bridge corp, nomater his
lenght, either being mixed, metal-ceramic/metal-RDC, or all ceramic/RDC/RA, through
the mathematical calculations of the minimum real average values of bending resistance
of the proposed materials, in the end making comparation with the values of the
numerical bending resistance ofered by the producers.

The corection coefficients proposed and used all along the studied method are
between 0.01-0.9, depending on the physical and mecanical properties of the materials,
and taking notice of the experimental data offerd by the producer and quoted in the
literature, describes the real acting of different types of materials which forfill the solid
corp caracteristics.
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53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

There can be chosen the type of material for covering, based on the mathematical
method, presented in the sixth chapter, calculating the maximal deformation value of the
bridge corp, after that in the next phase the elasticity module of the proposed material
would be determined, and in the last phase the comparation with the numerical value
ofered by the producers could be done.

The numerical values of the compresion and bending resistance have been
calculated for relatively integer field, having a highly reduced level of destruction of the
polyedrical support base and a reduced atrophy of the bone in the edentuolus space. This
is the reason way any modification of the dimensions of the component elements of the
prosthetic field would influence the numerical values of the calculated volumes, which
would leed to a modification of the results obtained after the mathematical calculations of
the presented method.

All along this method were not taken in consideration the existance and the types
of bondings in the cases of coverings, for the mixte metal-ceramic/composit/acrylic or the
belle-glass armed wth kevlar fibres, all these could influence the needed resistance of
material for the resistance structure, in the sens of rising or reducing. In this way the
appearing of a suplementary compresion and bending resistance could manage a short
term supplementary rising functional forces.

The mathematical method presented in the sixth chapter, although it has some
limits concerning the way of selection and making the precision differece between two
types of material with closed numerical values of the compresion and bending resistance
and elasticity modules, permits it’s use in clinical practice, existing the possibility of it’s
continuosly developement for a rise of precision.

The method studied, respectively the enhanced clasical method has a degree of
success higher that the clasical one. Hereby the method’s succes degree, studied in the
seventh chapter, adequate to the simple statistics, is 5,5 times higher in the case of the
first group, represented by the one unit edentuolus space, reprezentat de cazurile cu brese
unidentare, in comparison with the clasical method, 10,83 times higher in the case of the
second group, represented by the two units edentuolus space and 17 times higher in the
case of the third group, represented the three units edentuolus space.

The studied method is viable and superior to the clasical one, this being
demostrated through the data presented in the tables LXI-LXIII, and presented in figures
161-163, from the seventh chapter.

In the case of complex statistical analyse, the seventh chapter, respectively the
“t”’ (Student) test, the obtained value, respectively “’p’’ being under 0,05, has showed a
significal statistical diference between the diference of bony resorbtion mesured all along
the 12 month study, in the points b2-d3, between the group treated through the clasical
method and the one treated through the studied method, respectively the enhanced
clasical one.

There is the possibility, in case of treating clinical cases having a highly level of
distruction of diferent component elements, using the studied method, of apearing of a
slighty changing of the average values of success, in comparation with the clasical
method. In spite this fact the obtained results confirms the fact that there is a highly
degree of success using this method in comparation with the clasical method.

The clinical advantages of the proposed method are: a enhacement of the level of
individualisation of the fixed prosthetic plan, especially in the cases having a highly
degree of complexity, based on the chosing of the pilar teeth, the dimensions of the
bridge corp, the material, the resistance forces of the prothetic field components, all those
based on the dimensions and the integrity level of the prosthetic field componet elements.

The studied method is a easy practical one, for enhancement of the fixed
prosthetic treatement based on a highly motivated radilogical and mathematical
justification. The method proposed ofers the advantages of a fast and trusty evaluation of
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63.

64.

65.

66.

67.

68.

69.

It is viable and possible the use of informations ofered by the digital radiological
exam for enhancing the clasical method of individualisation of the fixed prosthetic plan.

There is the possibility of obtaining of a prosthetic work which might have a
enhanced longevity, a better integration in the bucal cavity, a better functionality and a
rise of the comfort and satisfaction level.

The clasical methods of chosing the pilar teeth and calculation of the reactional
forces, manifested on the studied prosthetic field, have an unsatisfactory level concerning
the level of individualisation of conceiving and making of the fixed prosthetic plan.

Using the proposed mathematical method of chosing the number of the pilar teeth
and type of material, through the enhancement of the level of individualisation of the
fixed prosthetic plan, there can be potentialy contribution both to the rise of level of
longevity of the fixed prosthetic work, and reducing the risk of hypotetical failure caused
by reduced values both of the parodontal/compresion coefficients of the pilar teeth and of
the compresion and bending coefficients and elasticity modules of the componet
materials, chosen by now in a arbitrary way, and a enhanced integration in the dento-
maxilo-facial functions.

There can be done a subsequent development of the presented method, this fact
leading to a automatisation and easyness of thise one, through the automatisation of the
calculation process with the help of software. Hereby hoping for a creation of a interface
between the digital radiology device and the calculation process, making an automatic
prelevement of the marking points marked directly by the software on the digital
radiological images, for automatisationig the mathematical calculations.

Scientific use of the research and mathematical methods used all along this study,
have been achieved through six scientific articles, two of them published in 2008 in the
Journal ”Clujul Medical”, the rest will be published in the same journal all along 2009:
Moga R.A.: The radiological investigation of the modification’s evolution of the bone
high, in the case of two elements dental bridges: Clujul-Medical, 2008, vol.81, nr.3,
pag:384-388, ISSN1222-2119
Moga R.A: The advantages of digital radiological examination of the prosthetic field,
using the imaging software, relative to the analogical one: Clujul-Medical, 2008, vol.81,
nr.4, pag:556-560, ISSN1222-2119

The conception and development of the mathematical methods proposed and

presented in this study, was based on a series of anterior scientific researchs, having the
starting point in the diploma’s thesis and having the title”The prosthetic treatement
through dental bridges of the maxillo frontal and latero-frontal edentuolus spaces” in
2003. These scientific researchs were continued through a scientific article published in
the Journal” Transilvania Stomatologica”:
Moga R.A.: Basic principles for conceiving the prosthetic phase in oral rehabilitation
treatement of frontal and latero-frontal maxilary missing teeth. Mathematical calculation
of the sagital arow: Transilvania Stomatologica, 2004, anul IV, nr.3, pag.59-70, ISSN
1582-439X

The scientifical capitalization of the researchs and mathematical methods udes in
this study will continue through publication of another scientific articles in national and
international journals.

The developement and capitalization of the researched method, was done through
making of a scientific research project, already approuved, in the sesion of competition
organised by the Consiliul National al Cercetdrii Stiintifice din Invatamantul
Superior(CNCSIS) - PN II Program Resurse Umane - Proiect cercetare Tip TD -
Competitie 2008 —N1.CRT 95 Cod CNCSIS 136. This research project was materialised

23



70. The proposed, developed, studied and presented method in this study, is a
complete original, being a an international newness, unidentifying any informations
about this mathematical aproach in the references consulted in the literature and the
specialised sites like PubMed-Medline.

Bibliograpycal refereces contain a number of 176 authors, being quoted in the order of
ustilisation.
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