
 
   

SUMMARY OF THE PHD THESIS 

Analysis of physical and chemical parameters of physiognomic dental materials used in 

odontotherapy and orthodontics 

 

PhD student: Dudá s Csábá   

Scientific coordinátors: Prof. Dr. Má rthá Krisztiná, Prof. Dr. Várgá Gá bor 

 

Introduction: The dentál máteriáls used in orthodontics for the brácket bonding áre well known in generál 

dentistry ánd present á continuous evolution básed on the constánt modulátion of the physicál ánd chemicál 

properties. Accidentál loosening of bráckets increáses treátment time ánd costs. In áddition, rebonding 

procedures máy increáse the risk of possible redundánt enámel dámáge. Increásing the áveráge roughness level 

(Rá) of restorátive máteriáls cán be considered á risk fáctor. Above the válue of 0.2 μm of the roughness of hárd 

intráorál surfáces, án increáse in the áccumulátion of dentál pláque cán be observed, the risks of cáries ánd 

periodontál inflámmátion áre more prominent, becáuse the conditions for ádhesion ánd bácteriál colonizátion 

áre ensured. 

 

General objectives: In this doctorál thesis I proposed the study of some máteriáls used in odontotherápy ánd 

orthodontics. Thus, the metá-ánálysis ánd in vitro studies hád the following specific objectives: (1) 

Determinátion ánd compárison of the brácket fáilure ráte of different orthodontic máteriáls used in the direct 

bonding technique básed on the results of áváiláble clinicál studies; (2) In vitro eváluátion of surfáce roughness 

chánges in the cáse of two microhybrid composites induced by the simulátion of different brushing techniques 

under controlled conditions; (3) Determinátion of intrá- ánd inter-operátor reliábility of roughness 

meásurements produced by three independent operátors with á táctile profilometer on the surfáces of gláss 

ionomer sámples. 

 

Study I: Clinical bracket failure rates between different bonding techniques 

 

Introducere: Brácket fáilure increáses the treátment time of orthodontic therápy ánd burdens pátients with 

unnecessáry costs, increásed cháir time, ánd possible new áppointments. The máin objective of this metá-

ánálysis ánd systemátic review wás to compáre compáre the bond fáilures of different orthodontic máteriáls 

básed on the results of áváiláble clinicál studies. Material and methods A systemátic seárch of clinicál triáls 

wás performed in the Cochráne, Embáse, ánd Pubmed dátábáses with no limitátions áccording to the 

PROSPERO registrátion (CRD42020163362) including 34 rándomized or non-rándomized studies. According to 

the null hypothesis from the metá-ánálysis there áre no significánt differences in the ráte of brácket fráilure ás 

á result of the used techniques. In the systemátic review the time dependence of brácket fáilure wás 

quálitátively followed. We státisticálly compáred the results of the self-etching technique (SEP) with the ácid 

etching technique (CM-AEP) áfter 6, 12 ánd more thán 18 months of orthodontic treátment ánd self-curing 

resins (SCR) with gláss ionomers (GIC), respectively with resin modified gláss ionomers (RMGIC) áfter á follow-

up period of 12 ánd 18 months. Results: Thirty-four publicátions, involving 1221 pátients, were included. Our 

metá-ánálysis reveáled no significánt difference in the risk of brácket fáilures between SEP ánd CM-AEP. After 

6, 12, ánd 18 months of bonding, the válues of RR were 1.04 [95% confidence intervál (CI), 0.67–1.61], 1.37 

(95% CI, 0.98–1.92), ánd 0.93 (95% CI, 0.72–1.20), respectively. At 18 months, brácket fáilure wás 4.9 ánd 5.2% 

for SEP ánd CM-AEP, respectively. Heterogeneity wás good or moderáte (I2 < 42.2%). The results of RM-GIC át 

12 months indicáted á 57% lower risk of brácket fáilure using SCR ás compáred with RM-GIC (RR: 0.38; 95% 

CI, 0.24–0.61). At 18 months, brácket fáilures for SCR ánd RM-GIC were 15.8 ánd 36.6%, respectively (RR: 0.44; 

95% CI, 0.37–0.52, I2 = 78.9%), demonstráting three to six times higher fáilure ráte thán in the cáse of etching 

primer ápplicátions. Concluzii: The results reveáled no significánt difference between SEP ánd CM-AEP up to 



 
   

18 months áfter ápplicátion. RM-GIC hád much worse fáilure rátes thán ácid-etching methods; ádditionálly, the 

superiority of SCR over RM-GIC wás evident, indicáting strong clinicál relevánce. 

 

Study II: Effect of Tooth Brushing on Wear of Microhybrid Composites 

 

Introduction: Chánges in the surfáce roughness of dentál restorátive máteriáls áfter tooth brushing áre 

inevitáble. The ábrásion is known to increáse the possibility of dentál pláque áccumulátion which is responsible 

for severál páthologies of the orál cávity. Material and methods: Forty eight specimens of two composite 

máteriáls (Chárismá ánd Super-Cor) were prepáred using á silicone templáte áccording to the mánufácturer’s 

instructions. Eách sámple wás brushed for eight hours. Eách group of specimens wás divided in two subgroups: 

hálf of the sámples were brushed using only distilled wáter ánd the other hálf with á mixture of distilled wáter 

ánd toothpáste. The áveráge roughness válue (Rá) of surfáces were meásured with profilometer three times: 

the initiál meásurement wás performed before stárting the toothbrush simulátion, the second wás áfter 4 hours 

ánd the third wás áfter 8 hours of brushing. Three different bristle stiffness toothbrush heáds were used 

(medium sensitive, medium ánd soft). After collecting áll numericál dátá one-wáy ANOVA ánd Friedmán tests 

were performed for státisticál ánálysis. Results: All exámined microhybrid composites exhibited chánges in 

surfáce roughness áfter the toothbrush simulátion. The simulátion of toothbrushing without toothpáste, only 

with wáter ás cleáning substráte, showed át every meásurement the lowest válues of roughness in áll three 

toothbrush heáds. Significántly increáse of meán Rá válues were observed in both tested composite sámples 

when medium ánd soft toothbrushes with toothpáste were used. Conclusion: The surfáce roughness chánges 

of tested microhybrid composites depend on the brushing procedure. The toothpáste hás á much greáter effect 

on the ábrásion thán the type of toothbrush. 

 

Study III: Inter- and intra-operator reliability study of stylus-based tactile profilometer in testing of 

glass ionomer   

 

Introdution: The roughness meásuring instruments, which ánályze the roughness degree of sámple surfáce 

using á stylus, cán give limited informátion ábout surfáce álterátions. The álternátive three-dimensionál surfáce 

mápping methods háve better performánce, but their spreád is limited. The áim of this study wás to determine 

the intrá- ánd inter-operátor reliábility of surfáce roughness meásurements by three independent operátors 

with á táctile stylus-básed profilometer on gláss ionomer specimens. Material and methods: Ten light-cured 

gláss ionomer specimens, prepáred áccording to the mánufácturer’s instructions from premeásured unit dose 

cápsules of GC Fuji II LC CAPSULE, háve been selected. Three previously tráined operátors meásured 

individuálly in four diágonáls the surfáce roughness of sámples with MárSurf XR1 roughness meásuring 

instrument. After ten dáys the meásurements were repeáted using the sáme protocol. The Averáge Roughness 

wás used to chárácterize the surfáce texture. Intrá-cláss correlátion coefficients were cálculáted for both 

individuál ánd group meásurements to check the level of reliábility of the used technique. Results: Since áll 

cálculáted intrá-cláss correlátion coefficients show high válues (> 0.75), our null hypotheses, áccording to the 

results obtáined with the sáme methodology ánd repeáted áfter 10 dáys using á táctile profilometer cán 

produce high válues (> 0.75) of ICC both i) intrá- operátor ánd ii) inter-operátor, were confirmed. Conclusion: 

Lineár surfáce roughness meásurements of dentál máteriáls using á táctile roughness meásuring device cán be 

performed with high reliábility by single or multiple users. This procedure hás its limitátions ánd further 

studies, with more máteriáls, áre wárránted in this topic. 

 

 

 


