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STADIUL ACTUAL AL CUNOASTERII

Boala parodontalad este una dintre patologiile cronice de la nivelul cavitatii orale cu un
impact negativ major asupra calitatii vietii si sdnatatii orale si generale, determinate de pierderea
progresiva a tesuturilor responsabile cu mentinerea unitatilor dentare. Odata cu aceste pierderi
tisulare, functiile cavitatii orale sunt afectate, ducand la dificultati in alimentatie si, in cazuri
severe, fonatie. Astfel, dat fiind impactul negativ al bolii parodontale asupra vietii pacientilor,
elucidarea mecanismelor complexe implicate in etiopatogenia acestei patologii, precum si
dezvoltarea de terapii personalizabile cu scopul reducerii inflamatiei si regenerarii tesuturilor
pierdute, reprezinti subiecte de actualitate in cercetarea parodontali actuali. In stadiul actual al
cunoasterii se face o evaluare holistica a bolii parodontale, aspecte incluse in patru mari capitole,
dupa cum urmeaza:

1. Boala parodontala - manifestari clinice propune enuntarea factorilor locali si generali
care intervin in initierea si progresia bolii parodontale, precum si a elementelor necesare
diagnosticarii acestei patologii;

2. Tehnici inovative in diagnosticul bolii parodontale prezinta succint ultimele inovatii
utilizate In diagnosticarea rapida si reproductibila a parodontitei;

3. Tratamentul bolii parodontale ofera o imagine de ansamblu asupra principiilor care
ghideaza terapia parodontitei;

4. Terapia adjuvanta non-chirurgicala presupune enumerarea terapiilor care vin in
ajutorul terapiei initiale parodontale, cu scopul ameliorarii parametrilor clinici.

CONTRIBUTIA PERSONALA

In urma analizei informatiilor oferite de literatura de specialitate, proiectele experimentale
conduse In cadrul programului doctoral au fost organizate in trei studii distincte, oferind o
evaluare exhaustiva a patologiei parodontale, a incidentei sale, precum si a unei noi terapii non-
chirurgicale parodontale.

1. Studiul 1 - Evaluarea biomarkerilor metainflamatiei si a
statusului parodontal la un grup populational din Romania

1.1. Obiective

Primul studiu de cercetare din cadrul tezei de doctorat isi propune evaluarea prevalentei
bolii parodontale si a severitatii acesteia Tn randul populatiei, in corelatie cu sapte biomarkeri ai
metainflamatiei: carboximetil-lisina (CML), fructo-lisina (FruLys), piralina (Pyr), metilglioxal
hidroimidazolona (MG-H1), carboxietil-lisina (CEL), arginina (Arg) si lisina (Lys).



1.2. Material si metodd

Studiul s-a desfasurat la Disciplina de Reabilitare Orala a Facultatii de Medicina Dentara din
cadrul Universitatii de Medicina si Farmacie ,Iuliu Hatieganu” Cluj-Napoca, in cadrul proiectului
international COFUND-ERA-HDHL ERANET, Cooperarea Europeanda si Internationald -
Subprogram 3.2 - Orizont 2020, Programul PNCDI III - Biomarkers for Nutrition and Health.
"Innovative Technological Approaches for validation of Salivary AGEs as novel biomarkers in
evaluation of risk factors in diet-related diseases” - SALIVAGES, nr. 25/1.09.2017. Proiectul si-a
propus o analiza a stdrii de sanatate a pacientilor inrolati, printr-un studiu de tip cohorta umana.
Acestora li s-a realizat anamneza completd, informatii referitoare la obiceiurile de consum al
produselor de tutun si frecventa periajului dentar fiind inregistrate, precum si examinari clinice
locale si generale complexe. Pacientii au fost supusi unui examen parodontal, cu scopul de a
evalua prevalenta acestei patologii in populatia generala. De asemenea, au fost prelevate fluide
biologice (saliva si sange), in vederea unui diagnostic precoce al bolii parodontale, aceste fluide
fiind utilizate in evaluarea metainflatiei (compusi finali de glicare avansata - AGEs) ca biomarkeri
ai bolii parodontale.

1.3. Rezultate

Numarul final de pacienti inrolati in prezentul studiu a fost de 159. Dintre acestia, 11%
(n=17) au fost stabili sau sanatosi parodontal, in timp ce 4% (n=7) dintre pacienti au fost
diagnosticati cu gingivita, iar un procent de 85% (n=135) au fost diagnosticati cu boala
parodontalad. Dintre cei 135 de pacienti diagnosticati cu boala parodontala, 18% (n=25) au
prezentat stadiul I de parodontita, 21% (n=28) au prezentat stadiul Il de parodontita, 35% (n=47)
au prezentat stadiul III, in timp ce 26% (n=35) au prezentat stadiul IV de parodontita.

Dintre cei 159 de pacienti inrolati in studiu, 45% (n=71) s-au declarat fumatori, In timp de
55% (n=88) au negat consumul de produse din tutun. In ceea ce priveste frecventa periajului
dentar individual al pacientilor, 34% (n=55) dintre subiecti au raportat ca realizeaza igiena
dentara o data pe zi, 50% (n=79) au raportat ca realizeaza igiena dentara de doua ori pe zi, 2%
(n=3) auraportat o igiena dentara de trei ori pe zi, in timp ce 14% (n=22) au raportat ca realizeaza
igiena individuala a cavitatii orale mai rar de o data pe zi.

Referitor la concentratiile AGEs in cele doua biofluide recoltate, trei dintre acestea,
determinate la nivel plasmatic, au suferit modificari semnificativ statistice la cei cu forme severe
ale bolii parodontale comparativ cu pacientii sanatosi: CML, FruLys si Pyr. Nu au putut fi realizate
corelatii intre concentratiile plasmatice si cele salivare in cazul celor sapte compusi evaluati.

1.4. Concluzii

Prevalenta bolii parodontale este crescuta in randul populatiei adulte, formele cele mai
severe (stadiile I1I si IV) reprezentand mai mult de 50% dintre cazurile de boala. Severitatea bolii
parodontale este influentata direct de consumul de produse din tutun si invers proportionala cu
frecventa periajului dentar individual. Trei dintre AGEs-urile plasmatice investigate, CML, FruLys
si Pyr au demonstrat un potential ridicat ca biomarkeri ai bolii parodontale.



2. Studiul 2 - Dezvoltarea si testarea unor materiale inovative
pentru tratamentul adjuvant al bolii parodontale - studiu in
vitro

2.1. Obiective

Prezentul studiu a propus dezvoltarea unui nou biomaterial nano-fibrilar realizat prin
tehnica de electrospinning si evaluarea efectului sau antibacterian asupra doua specii de bacterii
parodontopatogene. Noul biomaterial a fost realizat din acid polilactic (PLA) si nano-
hidrohiapatitia (nano-HAP). Pe suprafata nano-HAP a fost adsorbit un compus farmaceutic
(Doxiciclina - Doxi), datorita efectului sau bactericid si imunomodulator, dependent de doza.

2.2. Material si metodd

Dezvoltarea si evaludrile in vitro si in vivo ale noului biomaterial propus pentru utilizarea
ca adjuvant in terapia non-chirurgicala a bolii parodontale, reprezentand cel de-al doilea si cel de-
al treilea studiu din prezenta tezd doctorald, au fost realizate in cadrul proiectului CNCS-
UEFISCDI, PN-III-P2-2.1-PED-2019-3664 ,Personalized intelligent matrices for tissue
regeneration and meta-inflammation control” (PRIM_TISS), nr. 348PED/03.08.2020, condus de
catre doamna Prof. dr. llea Aranka in perioada 2020-2022.

Noua loturi de materiale au fost propuse, fiind reprezentate atat materiale cu substanta
antibiotica 1n diferite concentratii, precum si probe de material cu rol de martor (fara substanta
activd). Mostre din nano-fibrele obtinute au fost caracterizate prin imagini de microscopie
electronica de baleiaj. Ulterior s-a efectuat evaluarea in vitro pe 2 specii de bacterii
parodontopatogene (Porphyromonas gingivalis si Aggregatibacter actinomycetemcomitans).
Efectului inhibitor antimicrobian al Doxiciclinei a fost supusa validarii si prin compararea cu alte
substante medicamentoase folosite frecvent in terapia bolii parodontale (Amoxicilina, Ampicilina
si Metronidazol). Evaluarea probelor propuse din noul biomaterial s-a realizat prin tehnici
microbiologice, utilizind metoda difuzimetrica Kirby-Bauer.

2.3. Rezultate

Prin tehnica de electrospinning s-au obtinut noua probe de materiale: trei probe continand
PLA 5%, nano-HAP si Doxi in diferite concentratii; o proba continand PLA 5%, nano-HAP, Doxy
15% si nano-Ag; o proba continand PLA 8% si azotat de Ag; o proba continand PLA 8% si azotat
de Ag redus cu radiatii ultraviolete; o proba de control continand PLA 5% si nano-HAP simplu in
raport de 1.25, precum si doud probe de control contindnd nanofibre pure de PLA in concentratii
de 8%, respectiv 5%.

In ceea ce priveste efectul antibacterian al probelor de studiu, cuntinand Doxi, comparativ
cu antibioticele martor frecvent utilizate in terapia adjuvanta parodontald, cele mai mari zone de
inhibitie In cazul A. actinomicetemcomitans au fost induse de Metronidazol (26.65 mm, SD *
0.5160), in timp ce P. gingivalis a prezentat cele mai mari zone de inhibitie in cazul Doxi (28.74
mm, SD + 1.242).

Rezultatele obtinute in urma testelor microbiologice ale celor noua probe de studiu asupra
speciilor A. actinomycetemcomitans si P. gingivalis releva faptul ca zonele cele mai mari de
inhibitie au fost induse de catre proba continand nano-HAP, PLA 5% si Doxi 20 g/1 (32,95 mm, SD
* 0.7199, respectiv 33,1 mm, SD *+ 1.537). Nu au fost observate diferente semnificativ statistice
intre primele trei probe ca zona de inhibitie medie.

2.4. Concluzii



Ambele specii bacteriene parodontopatogene, A. actinomicetemcomitans si P. gingivalis, au
fost cultivate cu succes in vitro. Ambele specii bacteriene au fost susceptibile la efectele
antibacteriene ale antibioticelor utilizate frecvent in terapia non-chirurgicala parodontala:
Amoxicilina, Ampicilina, Doxiciclina si Metronidazolul. Evaluarea probelor experimentale,
obtinute prin electrospinning, bazate pe PLA si nano-Hap + Doxi au demonstrat un efect
antimicrobian asupra celor doi patogeni, direct proportional cu concentratia de Doxi. Probele
martor, care nu contineau substanta antibiotica, nu au demonstrat un efect antimicrobian asupra
celor doi parodontopatogeni. Proba pe baza de PLA 5%, contindnd 7g/1 Doxi si nano-HAP a fost
aleasa pentru a fi testata in studiul in vivo, data fiind capacitatea inhibitorie la concentratii scazute
de substanta activa.

3. Studiul 3 - Metoda de tratament multimodala si secventiala in
controlul metainflamatiei din boala parodontala- studiu in vivo

3.1. Obiective

Cel de-al treilea studiu al prezentei cercetari doctorale a presupus testarea potentialului
noului material obtinut prin electrospinning si ales In urma evaluarii anterioare (prin studiu in
vitro), pe model animal, pentru a determina potentialul sau ca adjuvant al terapiei bolii
parodontale si a investiga efectul imunomodulator pe care acesta il poate exercita.

3.2. Material si metodd

Studiul experimental s-a realizat pe sobolani rasa Wistar, organizati in patru loturi de
studiu: lotul control negativ (specimene fara inducerea bolii parodontale), lotul control pozitiv
(specimene cu boald parodontala indus3, dar fara vreo interventie terapeuticd), lotul de test 1
(specimene cu boald parodontald indusd, tratate secvential prin terapie non-chirurgicala
parodontala si aplicarea noului biomaterial), si lotul de test 2 (specimene cu boald parodontala
indusa si tratata doar prin chiuretaj mecanic simplu). Boala parodontala a fost indusa prin tehnica
ligaturii la nivelul incisivilor inferiori ai specimenelor.

Efectele bolii parodontale si ale tratamentelor evaluate au fost determinate prin examen
clinic local, utilizand indicele de mobilitate dentara si indicele gingival, prin determinarea prin
tehnica ELISA a concentratiilor matrix-metaloproteinazei-8 (MMP-8), interleukinei-1 (IL-1),
interleukinei-6 (IL-6) si factorului de necroza tumorald alfa (TNF-a) de la nivel salivar si,
respectiv, plasmatic, precum si prin examinari histologice.

3.3. Rezultate

Aplicarea firelor de matase circumdentare a decurs cu succes la toti subiectii inclusi In
loturile control pozitiv, test 1 si test 2, iar noul biomaterial produs prin electrospinning a fost
introdus cu succes in pungile parodontale ale subiectilor grupului test 1.

In urma evaluirii rezultatelor terapeutice, cele mai mici scoruri ale mobilititii dentare
(0,6522,SD + 0,4870), precum si ale indexului gingival (0,4340, SD + 0,5069) au fost observate in
cazul grupului test 1. Referitor la concentratiile salivare ale MMP-8, grupul test 1 a avut
concentratii salivare semnificativ statistice mai mici (p < 0,05) ale MMP-8 (2,549 ng/ml, SD *
1,209), comparativ cu grupul test 2 (4,471 ng/ml, SD # 0,6723). In mod similar, concentratiile
plasmatice ale IL-1 din grupul test 1 (49,38 + 14,72 ng/ml) au fost semnificativ mai mici (p < 0,05)
decat in grupul test 2 (67,95 ng/ml, SD + 6,445), iar concentratiile plasmatice ale TNF-a au fost



semnificativ statistic mai mici (p < 0,05) In cazul grupului teste 1 (13,36 ng/ml, SD + 0,8970), fata
de grupul test 2 (20,88 ng/ml, SD + 4,851).

Referitor la examenul histologic, inducerea parodontitei localizate a fost confirmata prin
prezenta 1n epiteliul gingival a unor zone de necroza si ulceratii, asociate cu un infiltrat inflamator
dens 1n lamina propria subiacenta. De asemenea, ligamentul parodontal a prezentat zone extinse
de inflamatie cronicda, cu edem, vase sanguine dilatate si infiltrat inflamator. Dupa aplicarea
tratamentului, In grupul test 1, epiteliul gingival a prezentat o vindecare partiala: in zone limitate,
epiteliul a prezentat o grosime redus3, In timp ce in altele, epiteliul avea o structura normala.

3.4. Concluzii

Boala parodontala a fost indusa cu succes sobolanilor de rasa Wistar prin tehnica ligaturii
la nivelul incisivilor inferiori. Inducerea a fost confirmata prin parametrii clinici si examinari
histologice, precum si prin cresterea concentratiilor MMP-8 salivari si IL-1 si TNF-a. Scaderea
concentratiei salivare a MMP-8, precum si a concentratiilor plasmatice ale IL-1 si TNF-a, dovedesc
efectul imunomodulator al noului biomaterial obtinut prin electrospinning, precum si controlul
metainflamatiei. Dupa aplicarea terapiilor parodontale, nivelul acestor biomarkeri au suferit
scaderi, conform tehnicilor terapeutice aplicate. Astfel, materialul propus reprezinta un candidat
pentru terapia adjuvanta a bolii parodontale, ca o noud modalitate de tratament secvential si
multimodal al acesteia.

Originalitatea si contributiile inovative ale tezei

Originalitatea si inovativitatea prezentei lucrari doctorale consta in abordarea extensiva a
bolii parodontale intr-un studiu de tip cohorta umana, precum si validarea pe model animal a
unui nou protocol terapeutic in terapia secventiala si multimodala a bolii parodontale. Acestea
sunt sustinute de urmatoarele aspecte:

1. Abordarea comprehensiva a unei cohorte umane legata de prevalenta bolii
parodontale, stratificarea pacientilor in functie de severitatea bolii parodontale si corelarea
acesteia cu factori favorizanti ai patologiei.

2. Evaluarea bolii parodontale prin prisma metainflamatiei si a concentratiei salivare si
plasmatice a agentilor de glicare.

3. Dezvoltarea unui nou biomaterial cu structura nano-fibrilara prin tehnica de
electrospinning, pe baza de PLA si nano-HAP + Doxy, concentratia de 7g/l de Doxy
dovedindu-se a fi cea mai potrivita pentru inhibitia celor doua specii parodontopatogene
utilizate in studiile microbiologice (A. actinomicetemcomitans si P. gingivalis), avand efectul
inhibitor optim la concentratia cea mai scazuta de substanta antibiotica.

4. Aplicarea locala a noului biomaterial dezvoltat a realizat imunomodularea si reducerea
metainflamatiei.

5. Sigilarea pungilor parodontale cu ajutorul noului sistem mucoadeziv dezvoltat
pentru eliberarea de lunga duratd a compusilor activi din acesta la nivelul pungii
parodontale.

Dezvoltarea unui nou protocol secvential si multimodal al terapiei parodontale non-
chirurgicale, prin imunomodularea parametrilor metainflamatiei (MMP-8, IL-1, TNF-a), dupa
cum urmeaza: (i) indepartarea biofilmului si a cementului necrotic de la nivelul pungilor
parodontale prin chiuretaj; (ii) aplicarea noului biomaterial pe baza de PLA si nano-HAP + Doxy



7g/1 la nivelul pungii parodontale; (iii) sigilarea pungii parodontale prin aplicarea sistemului
mucoadeziv.
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CURRENT STATE OF KNOWLEDGE

Periodontitis is one of the chronic pathologies of the oral cavity with a major negative
impact on the quality of life, as well as on the oral and general health, determined by the
progressive loss of the tissues responsible for maintaining dental units. Along with these tissue
losses, the functions of the oral cavity are affected, leading to difficulties in feeding and, in severe
cases, phonation. Thus, given the negative impact of periodontal disease on patients' lives, the
elucidation of the complex mechanisms involved in the etiopathogenesis of this pathology, as well
as the development of customizable therapies aimed at reducing inflammation and regenerating
lost tissues, are current topics in current periodontal research. In the current state of knowledge,
a holistic assessment of periodontal disease is made, aspects included in four large chapters, as
follows:

1. Periodontitis - clinical manifestations propose the statement of local and general
factors that intervene in the initiation and progression of periodontal disease, as well as
the elements necessary to diagnose this pathology;

2. Innovative techniques in the diagnosis of periodontal disease briefly presents the
latest innovations used in the rapid and reproducible diagnosis of periodontitis;

3. The treatment of periodontal disease provides an overview of the principles that guide
the therapy of periodontitis;

4. The adjuvant non-surgical periodontal treatment involves listing therapies that help
the initial periodontal therapy, with the aim of improving clinical parameters.

PERSONAL CONTRIBUTION

Following the analysis of the information provided by the medical literature, the
experimental projects conducted within the doctoral program were organized into three distinct
studies, providing an exhaustive evaluation of periodontal pathology, its incidence, as well as a
new non-surgical periodontal therapy.

1. 1st STUDY - Evaluation of biomarkers of meta-inflammation
and the periodontal status in a population group from Romania

1.1. Objectives

The first research study of the doctoral thesis aims to evaluate the prevalence of
periodontal disease and its severity among the adult population, in correlation with seven
biomarkers of meta-inflammation: carboxymethyl-lysine (CML), fructo-lysine (FruLys), pyralin
(Pyr), methylglyoxal hydroimidazolone (MG-H1), carboxyethyl-lysine (CEL), arginine (Arg) and
lysine (Lys).
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1.2. Material and methods

The study was conducted at the Oral Rehabilitation Discipline of the Faculty of Dental
Medicine within the "luliu Hatieganu" University of Medicine and Pharmacy Cluj-Napoca, within
the COFUND-ERA-HDHL ERANET international project, European and International Cooperation
- Subprogram 3.2 - Horizon 2020, Program PNCDI III - Biomarkers for Nutrition and Health.
"Innovative Technological Approaches for validation of Salivary AGEs as novel biomarkers in
evaluation of risk factors in diet-related diseases" - SALIVAGES, no. 25/1/09/2017. The project
proposed an analysis of the health status of the enrolled patients, through a human cohort study.
They had a complete history taken, information on tobacco consumption habits and tooth
brushing frequency being recorded, as well as complex local and general clinical examinations.
The patients underwent a periodontal examination to assess the prevalence of this pathology in
the general population. Also, biological fluids (saliva and blood) were collected, these fluids being
used in the evaluation of metainflation (advanced glycation end compounds - AGEs) as
biomarkers of periodontal disease.

1.3. Results

The final number of patients enrolled in the present study was 159. Out of these patients,
11% (n=17) were periodontally stable or healthy, while 4% (n=7) of patients were diagnosed
with gingivitis, and 85% (n=135) were diagnosed with periodontal disease. Among the 135
patients diagnosed with periodontal disease, 18% (n=25) presented stage I of periodontitis, 21%
(n=28) presented stage II of periodontitis, 35% (n=47) presented stage IlI, while 26% (n=35)
presented stage IV periodontitis.

Among the 159 patients enrolled in the study, 45% (n=71) declared themselves as smokers,
while 55% (n=88) denied the consumption of tobacco products. Regarding the frequency of
individual tooth brushing of the patients, 34% (n=55) of the subjects reported that they perform
dental hygiene once a day, 50% (n=79) reported that they perform dental hygiene twice a day,
2% (n=3) reported dental hygiene three times a day, while 14% (n=22) reported performing
individual oral hygiene less than once a day.

Regarding the concentrations of AGEs in the two collected biofluids, three of them,
determined in plasma, underwent statistically significant changes in those patients with severe
forms of periodontal disease compared to healthy patients: CML, FruLys and Pyr. No correlations
could be made between plasma and salivary concentrations for the seven compounds evaluated.

1.4. Conclusions

The prevalence of periodontal disease is increased among the adult population, with the
most severe forms (stages III and IV) accounting for more than 50% of cases of the disease. The
severity of periodontal disease is directly influenced by the consumption of tobacco products and
inversely proportional to the frequency of individual tooth brushing. Three of the investigated
plasmatic AGEs (CML, FruLys and Pyr) demonstrated a high potential as periodontal disease
biomarkers.
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2. 2nd STUDY - Development and evaluation of innovative
materials for adjuvant treatment of periodontal disease - an in
vitro study

2.1. Objectives

The present study proposed the development of a new nano-fibrillar biomaterial made
using the electrospinning technique and the subsequent evaluation of its antibacterial effect on
two species of periodontopathogenic bacteria. The new biomaterial was made from polylactic
acid (PLA) and nano-hydroxyapatite (nano-HAP). A pharmaceutical compound (Doxycycline -
Doxy) was adsorbed on the nano-HAP surface, due to its dose-dependent bactericidal and
immunomodulatory effect.

2.2. Material and methods

The development, as well as the in vitro and in vivo evaluations of the new biomaterial
proposed for use as an adjuvant in the non-surgical therapy of periodontal disease, representing
the second and third studies of this doctoral thesis, were carried out within the CNCS project -
UEFISCDI, PN-III-P2-2.1-PED-2019-3664 "Personalized intelligent matrices for tissue
regeneration and meta-inflammation control" (PRIM_TISS), no. 348PED/03.08.2020, led by Prof.
Dr. Ilea Aranka between 2020-2022.

Nine samplels of materials were proposed, representing both materials with antibiotic
substance in different concentrations, as well as material samples with a role of control (without
active substance). Samples of the obtained nano-fibres were characterized by scanning electron
microscopy images. Subsequently, the in vitro evaluation was performed on 2 species of
periodontopathogenic  bacteria  (Porphyromonas  gingivalis  and  Aggregatibacter
actinomycetemcomitans). The antimicrobial inhibitory effect of Doxy was also subjected to
validation by comparison to other medicinal substances frequently used in the therapy of
periodontal disease (Amoxicillin, Ampicillin and Metronidazole). The evaluation of the proposed
samples from the new biomaterial was carried out by microbiological techniques, using the Kirby-
Bauer diffusometric method.

2.3. Results

Through the electrospinning technique, nine material samples were obtained: three
samples containing PLA 5%, nano-HAP and Doxy in different concentrations; a sample containing
PLA 5%, nano-HAP, Doxy 15% and nano-Ag; a sample containing 8% PLA and Ag nitrate; a sample
containing 8% PLA and UV-reduced Ag nitrate; a control sample containing 5% PLA and simple
nano-HAP in a ratio of 1.25, as well as two control samples containing pure PLA nanofibers in
concentrations of 8% and 5%, respectively.

Regarding the antibacterial effect of the study samples, containing Doxy, compared to
control antibiotics commonly used in adjuvant periodontal therapy, the largest zones of inhibition
in the case of A. actinomycetemcomitans were induced by Metronidazole (26.65 mm, SD + 0.5160),
while P. gingivalis presented the largest zones of inhibition in the case of Doxi (28.74 mm, SD *
1.242).

The results obtained from the microbiological tests of the nine study samples on the species
A. actinomycetemcomitans and P. gingivalis reveal that the largest zones of inhibition were
induced by the sample containing nano-PAH, PLA 5% and Doxy 20 g/1 (32.95 mm, SD * 0.7199,
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respectively 33.1 mm, SD + 1.537). No statistically significant differences were observed between
the first three samples as mean inhibition zone.

2.4. Conclusons

Both periodontopathogenic bacterial species, A. actinomycetemcomitans and P. gingivalis,
have been successfully cultured in vitro. Both bacterial species were susceptible to the
antibacterial effects of antibiotics frequently used in non-surgical periodontal therapy:
Amoxicillin, Ampicillin, Doxycycline and Metronidazole. The evaluation of the experimental
samples, obtained by electrospinning, based on PLA and nano-Hap + Doxy demonstrated an
antimicrobial effect on the two pathogens, directly proportional to the Doxy concentration. The
control samples, which did not contain the antibiotic substance, did not demonstrate an
antimicrobial effect on the two periodontopathogens. The sample based on PLA 5%, containing
7g/1 Doxy and nano-PAH was chosen to be tested in the in vivo study, given the inhibitory capacity
at low concentrations of active substance.

3. 3rdSTUDY - Multimodal and sequential treatment method in the
control of meta-inflammation in periodontal disease - an in
vivo study

3.1. Objectives

The third study of the present doctoral research involved testing the potential of the new
material obtained by electrospinning and chosen following the previous evaluation (by in vitro
study), in an animal model, to determine its potential as an adjunct to the therapy of periodontal
disease and to investigate the immunomodulatory effect it can exert.

3.2. Material and methods

The experimental study was carried out on Wistar rats, organized into four study groups:
the negative control group (specimens without the induction of periodontal disease), the positive
control group (specimens with induced periodontal disease, but without any therapeutic
intervention), test group 1 (specimens with induced periodontal disease, treated sequentially by
non-surgical periodontal therapy and application of the new biomaterial), and test group 2
(specimens with induced periodontal disease and treated only by simple mechanical curettage).
The localised periodontal disease was induced by ligature technique in the lower incisors of the
specimens.

The effects of periodontitis and the evaluated treatments were determined by local clinical
examination, using the dental mobility index and the gingival index, by determining by ELISA the
concentrations of matrix-metalloproteinase-8 (MMP-8), interleukin-1 (IL-1), interleukin-6 (IL-
6) and tumor necrosis factor-alpha (TNF-a) at salivary and plasma levels, respectively, as well as
by histological examinations.

3.3. Results

The application of circumdental silk threads was successful in all subjects included in the
positive control, test 1 and test 2 groups, and the new biomaterial produced by electrospinning
was successfully inserted into the periodontal pockets of the test group 1 subjects.

Following the evaluation of the therapeutic results, the lowest scores of tooth mobility
(0.6522, SD *+ 0.4870) as well as of the gingival index (0.4340, SD * 0.5069) were observed in the
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case of test group 1. Regarding salivary concentrations of MMP-8, test group 1 had statistically
significantly lower (p < 0.05) salivary concentrations of MMP-8 (2.549 ng/ml, SD * 1.209)
compared to test group 2 (4.471 ng /ml, SD * 0.6723). Similarly, IL-1 plasma concentrations in
test group 1 (49.38 + 14.72 ng/ml) were significantly lower (p < 0.05) than in test group 2 (67.95
ng/ml, SD * 6.445), and the plasma concentrations of TNF-a were statistically significantly lower
(p < 0.05) in the case of test group 1 (13.36 ng/ml, SD * 0.8970), compared to the test group 2
(20.88 ng/ml, SD + 4.851).

Regarding the histological examination, the induction of localized periodontitis was
confirmed by the presence in the gingival epithelium of areas of necrosis and ulceration,
associated with a dense inflammatory infiltrate in the underlying lamina propria. The periodontal
ligament also showed extensive areas of chronic inflammation, with edema, dilated blood vessels,
and inflammatory infiltrate. After treatment, in test group 1, the gingival epithelium showed
partial healing: in limited areas, the epithelium showed reduced thickness, while in others, the
epithelium had a normal structure.

3.4. Conclusions

Periodontitis was successfully induced in Wistar rats by way of the lower incisor ligation
technique. The induction of inflammation was confirmed by clinical parameters and histological
examinations, as well as by increased concentrations of salivary MMP-8, IL-1 and TNF-a. The
decrease in the salivary concentration of MMP-8, as well as the plasmatic concentrations of IL-1
and TNF-q, prove the immunomodulatory effect of the new biomaterial obtained by
electrospinning, as well as the control of meta-inflammation. After the application of periodontal
therapies, the level of these biomarkers decreased, in accordance with the applied therapeutic
techniques. Thus, the proposed material is a candidate for the adjunctive therapy of periodontal
disease, as a new way of its sequential and multimodal treatment.

The originality and innovative contributions of the thesis

The originality and innovation of this doctoral work consists in the extensive approach to
periodontal disease in a human cohort study, as well as the animal model validation of a new
therapeutic protocol in the sequential and multimodal therapy of periodontal disease. They are
supported by the following aspects:

1. The comprehensive approach of a human cohort related to the prevalence of
periodontal disease, the stratification of patients according to the severity of periodontal
disease and its correlation with factors favouring the initiation and progression of the
pathology.

2. The evaluation of periodontal disease through the lens of meta-inflammation and
salivary and plasma concentration of glycation agents.

3. The development of a new biomaterial with a nano-fibrillar structure through the
electrospinning technique, based on PLA and nano-HAP + Doxy, the concentration of 7g/1
of Doxy proving to be the most suitable for the inhibition of the two periodontopathogenic
species used in microbiological studies (A. actinomycetemcomitans and P. gingivalis),
having the optimal inhibitory effect at the lowest concentration of antibiotic substance.

4. Local application of the newly developed biomaterial achieved immunomodulation and
reduction of meta-inflammation.
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5. Sealing of the periodontal pockets with the help of the new mucoadhesive system
developed for the long-term release of its active compounds at the level of the periodontal
pocket.

Development of a new sequential and multimodal protocol of non-surgical
periodontal therapy, through immunomodulation of meta-inflammation parameters (MMP-8,
IL-1, TNF-a), as follows: (i) removal of biofilm and necrotic cementum from periodontal pockets
by curettage; (ii) application of the new biomaterial based on PLA and nano-HAP + Doxy 7g/1 at
the level of the periodontal pocket; (iii) sealing the periodontal pocket by applying the
mucoadhesive system.



