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1 ABSTRACT 

1.1 Objectives 

This In Vitro s tudy a i m e d to evaluate the tens i le b o n d s t rength of two self-adhesive 

resin cements after two dent in sur face pre-treatments, and also to ana lyze the 

cement/dent in interface. De te rm in ing the fa i lure type was a lso a part of this study. 

1.2 Materials & methods 

O n e h u n d r e d and twelve caries-free p e r m a n e n t th i rd mo la r s recent ly ext racted 

f r o m pat ients aged 20-30 years because of per i coron i t i s we re co l lec ted. Ethics 

approva l f r o m the Ethics C o m m i t t e e at Palacký Univers i ty and verba l consen t of 

the d o n o r s were ob ta ined . The teeth were then c leaned w i th an u l t rasonic scaler 

and s to red in a 1 0 % fo rma l i n so lu t ion fo r one week after ext rac t ion , and then the 

teeth were kept in dist i l led water unti l use. The teeth were tes ted w i th in a 

m a x i m u m of one m o n t h after ext rac t ion . 

The roots of the teeth were e m b e d d e d in au to-po lymer ized acryl ic res in to 

faci l i tate hand l ing du r i ng the cut t ing a n d tes t ing p rocedures . 

The teeth we re d is t r ibuted into seven g r o u p s (n=16). M a x c e m Elite C h r o m a (MAX) 

and Relyx U200 (RLX) we re used w i thou t pre-treatment or w i th two dent in pre-

t rea tments (polyacryl ic ac id or phospho r i c acid). A convent iona l etch-and-rinse 
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(EAR) lut ing cement , NX3 Nexus (NX3), was used as an externa l cont ro l g roup , s ince 

the EAR sys tem is still cons ide red as the go ld s t anda rd for denta l a d h e s i o n . Before 

test ing, all s p e c i m e n s were s to red in dist i l led wate r for 24 hours . Three spec imens 

f r o m each g roup were p r epa r ed for s cann ing e lect ron m i c ro s copy observa t ion 

(SEM). A tensi le b o n d s t rength test (TBS) was p e r f o r m e d for the r ema in ing 

samp les . The data were stat ist ical ly ana lyzed us ing the Kruskal-Wall is test and 

Pa i rwise c o m p a r i s o n s us ing the W i l coxon rank s u m test. 

1.3 Results 

M A X w i thou t pre-treatment a n d wi th phospho r i c ac id e tch ing a t ta ined stat ist ical ly 

s imi lar b o n d s t rengths to NX3 (P>0.05). There was a stat ist ical d i f ference 

(P=0.00488) be tween RLX w i thou t pre-treatment (5.62 MPa) and NX3 (10.88 MPa). 

Phosphor i c ac id pre-treatment increases the b o n d s t rength va lues of RLX to a 

s t rength that is c o m p a r a b l e to NX3 (P>0.05). The lowest tens i le b o n d s t rength 

(TBS) was a t ta ined after the app l i ca t ion of polyacryl ic ac id wi th M A X (1.98 MPa). 

No stat ist ical d i f fe rences we re f o u n d be tween the RLX b o n d s t rength va lues after 

polyacryl ic ac id t r ea tmen t a n d RLX w i thou t pre-treatment or NX3 (P>0.05). SEM 

observa t ions d i sc losed an enhanced potent ia l of the sel f-adhesive cements to 

inf i l trate into dent in tubu les and f o r m res in tags w h e n app l i ed after p h o s p h o r i c 

ac id pre-treatment. The fa i lure m o d e was dom inan t l y adhes ive . 
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1.4 Significance 

O n dent in , the self-adhesive res in c emen t M A X might be an effective a l ternat ive to 

convent iona l res in cement . Etching the dent in w i th phospho r i c ac id does not have 

a negat ive effect on the b o n d s t rength of M A X to den t in . O n the o the r hand , 

phospho r i c ac id i m p r o v e d the b o n d s t rength of RLX w h e n c o m p a r e d to EAR 

cement . 

1.5 Keywords 

A d h e s i o n ; Bond S t rength ; Dent in sur face pre-treatment; L i th ium disi l icate; Self-

adhes ive res in cements 
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2 INTRODUCTION 

Adhes i ve dent is t ry is at this t ime cons ide red as one of the f o r e m o s t impor t an t 

f ie lds in restorat ive dent istry . The phys ica l a n d mechan i ca l p roper t i es of adhes ive 

mater ia ls , as wel l as the eva luat ion of a d h e s i o n m e c h a n i s m s and the qual i ty of 

adhes ive b o n d i n g to denta l t i ssues a n d other denta l mater ia ls , are the focus of 

scientif ic research . Adhes i ve mater ia ls c o m e in a w ide range of proper t ies . 

Part icular ly in recent decades , as the des i re fo r s imp le r adhes i ve mater ia ls and 

t e chn iques has r e m a i n e d cons is tent , e x a m i n i n g these mater ia l s and 

d e m o n s t r a t i n g the i r dependab i l i t y and sui tabi l i ty for adhes i ve opera t ions is still 

cr i t ical . 

2.1 Adhesion principles in dentistry 

Since B u o n o c o r e d i scove red select ive e n a m e l e tch ing for improv i ng the a d h e s i o n 

of acryl ic f i l l ing mater ia l to e n a m e l in 1955, the sc ience of adhes i on in dent is t ry 

has m o v e d quick ly f o rw a rd (1). W i thou t adhes i ve app roaches , restorat ive dent is t ry 

is nowadays no longer conce ivab le . A d h e s i o n is a p rocess in wh i ch the " adheren t " 

(or substrate ) deve lops a " in ter face" w i th the " adhes i ve " that has been app l i ed . 

Ename l , dent in , compos i t e , ceramic , meta l , a n d m a n y other mater ia ls are 

examp l e s for adhe ren t s used in dent is t ry (Figure 1 )(2). The adhes i ves can conta in 
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one or mul t ip le interfaces to med ia te the b o n d i n g of, for examp le , ce ramic to 

meta l or ce ramic res tora t ions to denta l t i ssues (3). 

Resin composite, ceramic, 
Acrylic etc. 

Adhesive resin, Silane 
rimer etc. 

Enamel, Dentin, Metal 
alloy, ceramic ere. 

Adherent 

Adhesive 

Adherend 

Figure 1: Shows the main process of adhesion in dentistry (X iao-zhuangj in eta/, 2016) 

Several types of adhes i on can be d i f fe rent ia ted in restorat ive dent istry : 

• Chemica l adhes i on happens w h e n chemica l b o n d s be tween mater ia l s have been 

f o r m e d , like wi th G lass- ionomer cements , in wh i ch the carboxy l g r o u p s of 

po lya lkeno ic ac id have t rue chemica l l y in teract ion wi th ca l c ium at the 

hydroxyapat i te (HAp). 

• Macro-mechan ica l adhes i on is a type of b o n d i n g that ut i l izes the mac roscop i c 

sur face i rregular i t ies of macrore ten t i ve p repara t ions . A typical e x a m p l e is the 

cemen ta t i on of f ixed br idges a n d c rowns wi th zinc phospha t e cements . 

• Comparab l y , micro-mechan ica l a d h e s i o n uti l izes the m ic roscop i c sur face 

i r regular i t ies . G o o d examp les for this are compos i t e res ins and the a c c o m p a n i e d 

adhes ive sys tems (4)(5)(6). 

S ince 1878 a n d for m o r e than 100 years , the water-based zinc phospha t e c emen t 

wi th its macrore ten t i ve a p p r o a c h was the m o s t c o m m o n l y used lut ing agent. 

However , m a n y efforts we re p laced to deve lop a m o r e eff ic ient cement ing 

mater ia l because of its lack of adhes i on to too th s t ructure , h igh d i sso lu t ion in the 
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m o u t h , potent ia l fo r chemica l and t h e r m a l injury to the pu lp , a n d m in ima l anti-

car iogenic effect (7). Di f ferent types of c emen t s then have been in t roduced to the 

market . That inc luded m a n y types as z inc po lycarboxy la te a n d glass ionomer-

based cements . Glass i o n o m e r s possess the abi l i ty to chemica l l y b o n d to the 

too th t issues, but they are suscept ib le to ear ly mo i s tu re con tam ina t i on , resul t ing 

in mic rocracks , in add i t ion to the potent ia l of elastic d e f o r m a t i o n in a reas of high 

mast i ca tory stress because of its low m o d u l u s of elast icity (8). 

C e m e n t s as z inc phospha te , po lycarboxy la te , and convent iona l g lass- ionomer 

cemen t s set t h rough an acid-base react ion. The l i fet ime success of these 

t rad i t iona l lut ing agents is we l l r ecogn ised , but on ly if the concep t of a p rope r 

geomet r i c f o r m of t oo th p repa ra t i on that l imits the paths of d i sp l a cemen t of the 

res tora t ion is r espec ted . However , an ideal axial wal l convergence of 2 to 5 degree 

taper is rare ly ach ieved . Instead a m o r e realist ic 10 to 22 degrees was f o u n d 

a m o n g s t pract i t ioners over four decades , a cco rd ing to a sys temat ic rev iew (9). 

In genera l , these cements can be used for the cementa t i on of meta l , metal-

ce ramic and non-glass based ce ramic res tora t ions , but are not r e c o m m e n d e d for 

lut ing res ins a n d glass-based ce ramic res tora t ions (10)(11). 

As an a l ternat ive to ac id-base react ion cements , and in an a t t empt to improve the 

proper t ies of the lut ing agents, res in cements were i n t roduced in the mid-1980s, 

these mater ia l s have a set t ing react ion based on po l ymer i za t i on (12). 

The basic m e c h a n i s m of compos i t e res in a d h e s i o n to denta l t i ssues is 

m i c romechan i ca l a n d based on an exchange process in wh i ch inorgan ic t oo th 
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c o m p o n e n t (HAp) is rep laced wi th synthet ic res in wh i ch inf i l trates the co l lagen 

f ibres to f o r m a m ixed layer (hybr idizat ion) that ensures adhes i on . This b o n d i n g 

m e c h a n i s m is c learer for dent in because of the h igher p ropo r t i on of co l lagen (13). 

2.2 Human dentin as a bonding substrate 

In o rde r to better u n d e r s t a n d how the res in inf i l trates the co l lagen f ibres du r ing 

hybr id layer f o r m a t i o n and degrada t ion over t ime , it is essent ia l to u n d e r s t a n d the 

basic s t ruc ture and c o m p o s i t i o n of den t in , w i th spec ia l focus on the organic 

matr ix , a n d the s t ructura l changes that occur du r i ng the adhes i ve p rocedures (14). 

Dent in is a c o m p l e x b i o c o m p o s i t e s t ruc ture , de f ined as a mine ra l i zed co l lagen 

matr ix that conta ins c. 30-50 v o l % organic mater ia l , c. 40 v o l % inorganic matera l 

(hydroxyapat i te ) and c. 20 v o l % of water (15). As o p p o s e d to ename l , dent in is a 

h u m i d a n d m o r e organ ic subs t ra te (Figure 2). 

• Organic »Inorganic »Fluid 

Figure 2: Shows the composition of dentin 

The dent in c o m p o s i t i o n var ies in d i f ferent reg ions of the too th , d e p e n d i n g on its 

p rox imi t y to the pulp , patient 's age, as wel l as whe the r the mat r ix is demine ra l i zed 
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or car ies af fected/ infected. These d i f fe rences have a s igni f icant impac t on the 

mechan i ca l p roper t i es of dent in (16)(17). Due to these d i f fe rences and c o m p l e x 

histology, a d h e s i o n to den t in has been cons ide red one of the mos t cha l leng ing 

and less pred ic tab le m iss ions in adhes i ve dent istry . 

Type I co l lagen makes up 9 0 % wt of the prote in content in the dent ina l co l lagen 

s t ructure . The co l lagen has a qua te rna ry s t ruc ture wh i ch has a t r ip le hel ix wi th an 

a r r angemen t that makes it very stable and not easi ly deg raded (Figure 3) (18), but 

once it is, it c anno t be rep laced due to the i r poo r capaci ty to regenerate , unl ike 

inso lub le co l lagen in o ther sys tems in the body (15). 

Collagen Heli 

7i 

Collagen Triple Helix Collagen bundles in 
stepped arrangement 

Figure 3: Shows the triple helix structure of the collagen type 1 in dentin (Betancourt DE e t a i , 2019 ) 

Because dent in co l lagen does not metabo l i ca l l y tu rn over, the n u m b e r s of c ross ­

l inks w i th in co l lagen mo lecu les a ccumu la te wi th age a n d can inf luence the 

mechan i ca l p roper t i es of co l lagen f ibr i ls (Figure 4) (19) . These cross-l inks are 

respons ib le for the abi l i ty of dent in co l lagen to be acid-etched dur ing b o n d i n g 
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procedures w i thou t dena tu r i ng its co l lagen w h e n n o r m a l 15 s etch has been 

app l i ed (20)(21)(22)(23)(24) 
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Figure 4: Shows the cross-links within collagen molecules in dentin (Adamiak et ai, 2020) 

The dent in has a g roup of inverted-cone s h a p e d tubu les that run in a radial 

a r r angemen t f r o m the pu lp to the d e n t i n o e n a m e l j unc t i on (DEJ) s u r r o u n d e d by 

in te r tubu la r dent in . The larger d i ame te r of these tubu les face the pu lp (25). 

Ga rbe rog l i o and B r a n n s t r o m in 1976 (26) m e a s u r e d the area occup ied by the 

tubu les and the tubu la r d i amete r in 30 ext rac ted tee th . C lose to the pu lp , the 

n u m b e r of tubu les was 4 5 , 0 0 0 / m m 2 and the i r d i ame te r 2.5 u m . In m idd l e dent in , 

the n u m b e r of tubu les was 2 9 , 5 0 0 / m m 2 and the average d i ame te r was 1.2 u m . In 

superf ic ia l dent in , the area occup ied by tubu les was 2 0 , 0 0 0 / m m 2 and the average 

tubu le d i amete r was 0.9 u m (Figure 5) (15)(27). The contents of water dec rease 20-

fo ld f r o m deep to super f i c ia l dent in . The m e a n tubu le v o l u m e in co rona l dent in is 

1 0 % of the ent i re dent in v o l u m e , wh i le near the DEJ it is 4 % and increases to 2 8 % 

near the pu lp . 
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Figure 5: Shows the dentin structure and the relationship between the number and the diameter of tubules 

and the distance from pulp (Kontakiotis et al, 2015, Tjaderhane et al, 2012) 

In the vital dent in the f low of f lu id f r o m the pu lp to the d e n t i n o e n a m e l j unc t ion is 

the result of a sl ight but cons tant pu lpa l p ressure , wh i ch is es t imated to be 25-30 

m m of Hg (28). In add i t i on , dent in conta ins ex tens ions of the odon tob l a s t 

(odontob las t i c processes ) (Figure 6)(29) and intra-tubular co l lagen f ibers in deepe r 

areas, less f requent l y in m idd l e a n d superf ic ia l dent in . These character is t ics , wh i ch 

we s o m e t i m e s as c l in ic ians fail to not ice, certify the greater cha l lenge w h e n an 

adhes ive p rocedu re is app l i ed on deep dent in c o m p a r e d to one app l i ed on m o r e 

superf ic ia l dent in . 

Figure 6: Shows odontoblasts extensions in dentin (Chang e ta i , 2019) 
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Fu r the rmore , there are compos i t i ona l d i f fe rences be tween the crystal ls of 

hydroxyapat i te in e n a m e l a n d dent in . Ename l crystal l i tes are larger and p laced in 

a m o r e regular a n d paral le l o r i en ted pat te rn , whe reas dent in hydroxyapat i te 

crystals are sma l l e r a n d p laced in a cr isscross a r r angmen t ins ide the organic 

matr ix , m a k i n g micro-mechan ica l in ter lock ing wi th dent in m o r e cha l leng ing. 

These sma l l e r s ize and cr isscross or ienta t ion of the hydroxyapat i te crystal l i tes, on 

the o ther hand , enhance the chemica l b o n d i n g to dent in (30). 

Dent in degree of minera l i za t ion is inc reased as a result of phys io log ic changes 

caused by dent in ag ing or in react ion to car ious les ions a n d other aggress ive 

s t imul i , resu l t ing in inc reased dent in th i ckness a n d dec reased dent in permeabi l i t y . 

(31)(32). Dent in pe rmeab i l i t y affects the a d h e s i o n process , hence a decrease in 

permeab i l i t y w i th age may have a direct impac t on dent in b o n d s t rengths . (33). 

The role of the dentinal smear layer in the adhesion process 

The s m e a r layer on dent in is an adhe ren t layer of organic and inorganic mat te r 

w h e n too th sur faces are cut wi th rotary or hand ins t ruments (34). The s m e a r layer 

f o u n d in deep dent in conta ins m o r e organic mater ia l than those f o u n d on the 

superf ic ia l dent in (35). 

W h e n d i scuss ing the adhe rence process to t oo th subs tances , the s m e a r layer 

mus t be a d d r e s s e d as a s igni f icant c o m p o n e n t of a d h e s i o n . Fu r the rmore , because 

exist ing adhes i ves are c lass i f ied based on their in teract ion m o d e wi th the s m e a r 

layer, it is essent ia l to cons ider the changes that occur ins ide the s m e a r layer 
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dur ing the b o n d i n g process . Usua l ly after denta l t i ssues p repara t ion , a 0.5 - 5 u m 

thick s m e a r layer is f o r m e d on the p r epa red surface, f i l l ing the or i f ices of the 

dent ina l tubu les . This layer conta ins bacter ia , sal iva, b l ood cells and dena tu ra ted 

co l lagen (36)(37)(38). The s m e a r layer genera tes s m e a r plugs by f i l l ing the or i f ices 

in the dent ina l tubu les , however it is not a lways secure ly a d h e r e d to the dent in 

s amp le s (Figure 7) (39)(36)(40). 

Figure 7: Shows the smear layer on dentin (Van Landuyt et ai, 2005) 

Dent in pe rmeab i l i t y is r educed by up to 8 6 % w h e n the s m e a r layer is f o r m e d (31). 

The cohes ive s t rength of the s m e a r layer is abou t 5 - 1 0 M P a (41)(31). A l t hough 

the s m e a r layer reduces water pe r fus ion on the sur face of cut dent in , the 

s u b m i c r o n poros i t y w i th in it pe rmi t s dent ina l f lu id to d i f fuse (31). This dent ina l 

f lu id can be crit ical for a d h e s i o n (42). 

The b o n d s t rength is a lso in f luenced by the th ickness of a s m e a r layer. A th in 

s m e a r layer is pre ferab le for self-etching adhes i ves (31). The ear ly b o n d i n g 

sys tems such as S co t chbond Dual Cure were app l i ed direct ly to smear-layer-

17/98 



covered dent ine because it was though t to protect the pu lp . The res in was unab le 

to penet ra te t h rough the s m e a r layer and hence gave very low b o n d s t rengths 

[c. 5-10 MPa), wh i ch reperesents the cohes ive s t rength of the s m e a r layer. W h e n 

both s ides of the fa i led res in-dent ine b o n d s were checked , smear-layer mater ia l 

on both s ides was f o u n d . As a result, the ' bond s t rength ' was actual ly a measu re 

of the cohes ive s t rength of the s m e a r layer, wh i ch was spl it into uppe r and lower 

parts (43). Dent in mus t be appropr i a te l y cond i t i oned to e l iminate or mod i f y the 

s m e a r layer and a l low m o n o m e r d i f fus ion into the s u r r o u n d i n g , part ia l ly 

dem ine ra l i z ed co l lagen mat r ix in o rde r to ach ieve high b o n d i n g s t rength a n d seal 

(37). 

2.3 Resin cements in dentistry 

Resin lut ing agents nowadays are used for lut ing mos t of the indirect res tora t ions . 

These res in lut ing agents have the capac i ty to b o n d both to the too th a n d to the 

res tora t ion . This in tegrat ion has been k n o w n to reduce mic ro leakage at the 

res tora t ion too th interface, and a lso to lessen post-operat ive sensit ivity, marg ina l 

s ta in ing, and recur rent car ies (44). 

Usual ly res in-based compos i t e c emen t s cons is t of po l yu re thane matr ix or a bis-

G MA/TEG D M A (2,2- bis[4-(2-hydroxy-3-methacryloyloxypropoxy) p h e n y l p r o p a n e / 

t r ie thy leneglyco l d imethacry la te ) in wh i ch micro-fi l ler part ic les (0.04-0.2um) of 

quar tz are i m m e r s e d . To achieve radio-opacity, heavy meta ls such as zinc, ba r i um, 
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s t ron t i um, or y t t r i um are a d d e d into the glass. A g o o d b o n d be tween the inorganic 

f i l ler a n d the organic mat r ix is r equ i red for a c o m p o s i t e to have successfu l 

proper t ies . For this r eason , du r ing manufac tu re , a coup l ing agent c o m p o u n d is 

app l i ed to the f i l ler part ic les to f o r m this b o n d . This agent, wh i ch k n o w n as s i lane, 

is an organic s i l i con c o m p o u n d that a l lows a chemica l b o n d to deve lop be tween 

the res in mat r ix a n d the f i l lers. A chemica l l y in i t iated process , photo-

po l ymer iza t ion , or a c o m b i n a t i o n of bo th can be used to po l ymer i ze res in 

compos i t e cement . (45)(46)(47). 

Resin compos i t e cements have a high compress i ve s t rength , are tens i le fat igue 

resistant, and are near ly inso lub le in the m o u t h . Chemica l l y , they can at tach to 

resin compos i t e restorat ive mater ia l s as wel l as to s i l anated porce la in . Resin 

compos i t e c emen t s have b e c o m e the adhes i ve of choice for esthet ic type 

restorat ions , such as res in compos i t e inlays and onlays, al l-ceramic inlays and 

onlays, veneers , c rowns , FPDs, a n d f iber-re inforced c o m p o s i t e res tora t ions , due 

to their abi l i ty to adhe re to mul t ip le subst ra tes , high s t rength , insolubi l i ty in the 

ora l env i ronment , and shade-match ing potent ia l (46)(48)(49). 
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2.4 Classification of dental resin cements and their clinical 

application 

Resin cements may be c lass i f ied by their adhes i ve s c h e m e : etch-and-rinse (total-

etch), self-etching, and self-adhesive (50). The self-adhesive res in cements m a y be 

re fer red to as "all-in-one" res in cements or universa l c emen t (51). 

They can also be c lass i f ied acco rd ing to the i r po l ymer iza t ion m e c h a n i s m s into 

l ight-cured, chemica l-cured, and dual-cured (50) (Figure 8). 

Figure 8: Shows a classification of resin cements in dentistry 

Addi t iona l l y , they can be c lass i f ied acco rd ing to the n u m b e r of cl inical s teps and 

the way they interact wi th the s m e a r layer (31). 
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2.4.1 Etch-and-rinse system 

Total Etch is a mult i-step a p p r o a c h that inc ludes separa te etch-and-rinse phases . 

The t e r m "total-etch" refers to a p rocedu re in wh i ch the dent in and e n a m e l are 

both cond i t i oned at the s a m e t ime . In the "select ive-etch" t e chn ique e n a m e l is 

select ively e t ched before the dent in p re t rea tment . A n ac id (usually 3 0 - 4 0 % 

phospho r i c acid) is app l i ed for 15 seconds on dent in to r e m o v e the s m e a r layer 

and superf ic ia l hydroxyapat i te and to expose the m i c r o p o r o u s co l lagen network . 

Af ter that, the e tchant is r insed away, then a p r imer is app l i ed , f o l l owed by the 

app l i ca t ion of an adhes i ve res in (Figure 9) (52)(53)(54). 

Figure 9: Shows the dentin after acid etching (exposed collagen fibrils) and after the application of 

primer/adhesive (Perdigao et ai, 2018 ) 

The adhes i ve s ys tem is de f ined as three s tep etch-and-rinse adhes i ve if e tch ing, 

p r im ing , a n d adhes i ve app l i ca t ion are p e r f o r m e d in separa te cl inical phases . There 

are a lso two-step etch-and-rinse adhes ives that have the p r imer a n d adhes ive 
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c o m b i n e d in one app l i ca t ion s tep. The p r imer so lvent w i th in etch-and-rinse 

adhes ives is an impor t an t fac tor af fect ing the hand l ing and 

p e r f o r m a n c e proper t i es of etch-and-rinse adhes i ves (55)(56)(57). There are 

e thano l-based, acetone-based and water-based p r imers . The highly technique-

sensit ive "wet-bond ing" t e chn ique s h o u l d be used w h e n us ing an acetone-based 

pr imer . The less technique-sens i t ive "d ry-bond ing" t echn ique , by app ly ing a gent le 

s t r eam of air-drying fo l low ing the r ins ing step of the ac id , s h o u l d be used w h e n a 

water/ethanol-based p r imer is used, . The adhes ive is then app l i ed to the 

p repara t ion to adhe re the c emen t to the too th (53)(58)(13). 

This g r o u p has the h ighest cement-to-tooth b o n d s t rength but a lso requ i res the 

mos t s teps to b o n d ceramic , compos i t e res in , or meta l to too th s t ructures . 

Because each s tep represents a potent ia l con tamina t i on point , this mult i-step 

p rocedu re is cons i de r ed c o m p l e x and m a y decrease the b o n d i n g p e r f o r m a n c e 

(50). 

These cements and the adhes ives used wi th t h e m can be light- or dual-cured (59). 

Examples inc lude: RelyX ARC (3M ESPE); Var io l ink II (Ivoclar V ivadent Inc.); and 

Cho ice 2 (BISCO, Inc.) (Figure 10). 
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Figure 10: Shows some resin cements which use EAR system 

2.4.2 Self-etching system (Etch-and-dry) 

This sys tem has been i n t roduced to the marke t in o rde r to s impl i f y the adhes ive 

sys tems avo id ing the techn ique sensit iv i ty of the etch-and-rinse b o n d i n g 

t e chn ique (Figure 11) (60). Self-etching adhes ives do not inc lude a separa te etching 

step; they cons is t of a c o m p l e x mix ture of func t iona l m o n o m e r s that we re graf ted 

wi th one or m o r e carboxy l ic or p h o s p h a t e ac id g roups , to be able to 

s imu l t aneous l y cond i t ion a n d p r ime den t i n . A l so they inc lude so lvents and water 

(61)(53). 

Etch-and-rinse 

Adhesive strategies 

i 
Sell-etch 

• X 
Two-step Two-step 

1 
Multi-mode 

One-step Etch-and-rinse Self-etch 

I i 
Total-etch Selective enamel 

(enamel+dentin) etching 

Figure 11: Shows the number of clinical steps for EAR and self-etching systems (Sezinando 2014) 
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The inf i l t rat ion of m o n o m e r s occurs s imu l t aneous l y w i th the self-etch process 

e l im ina t ing the poss ib i l i ty of d i sc repanc ies be tween both p rocesses and reduc ing 

the p resence of unp ro tec t ed co l lagen f ibr i ls , wh i ch in t u rn reduces nano leakage 

(13)(62). Self-etching adhes ives affect the s m e a r layer w i thout r emova l of the 

d isso lved ca l c ium phospha t e s s ince the r ins ing s tep is e l im ina ted (Figure 12) 

Self-etching adhes i ves are current ly avai lable in two-step or single-step sys tems, 

the latter a lso k n o w n as all-in-one adhes i ve sys tems (64). Self-etching adhes ives 

are c lass i f ied d e p e n d i n g on the pH of the sys tem as s t rong (pH<1), in te rmed ia te 

s t rong (pH=1.5), or m o d e r a t e (pH>2). The pH of s t rong self-etching adhes ives 

usual ly is 1 or be l ow 1. This high acidity resul ts in rather a deep demine ra l i za t i on 

effect (65). The b o n d i n g process and interfacial u l t ra-morpho logy of s t rong self-

etch ing adhes ives are c o m p a r a b l e to t hose of etch-and-rinse adhes ives . These 

(58)(63). 

Dentinal Tubule 

Figure 12: Shows the clinical process of self-etching adhesive system (Perdigao 2007) 
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s t rong self-etch adhes i ves have been l inked to poo r dent ina l b o n d i n g 

p e r f o r m a n c e in the lab and in cl inical pract ice, part icu lar ly at the dent in subst ra te 

(66)(67)(68). This cou ld be due to the p resence of so lub le ca l c ium phospha t e s in 

the interfacia l zone (66). Fu r the rmore , the high concent ra t ions of acidic res in 

m o n o m e r s cause these adhes ives to func t ion like hydroph i l i c pe rmeab l e 

m e m b r a n e s , a l low ing water to f l ow f r o m dent in to the sur face (61)(69)(25). In 

add i t i on , the res idua l so lvent that r ema ins w i th in the adhes i ve interface can 

impa i r the b o n d i n g process (13)(70). 

Intermediate s t rong or m o d e r a t e self-etching adhes ives have a pH of a r o u n d 1.5. 

The two-fold bui ld-up of the dent ina l hybr id layer is the mos t c o m m o n . Despi te 

the fact that the hybr id layer's superf ic ia l layer has been total ly demine ra l i zed , the 

base still reta ins und i s so l ved HAp (13). M i ld self-etching sys tems have a pH of 

a r o u n d 2 and are usual ly two-step sys tems . They d issolve fewer ca l c ium 

phospha tes and demine ra l i ze dent in up to the dep th of 1 u m (Figure 13) (39). The 

p resence of HAp w i th in the s u b m i c r o n hybr id layer cou ld act as a receptor for 

fu r ther chemica l bond ing , part icu lar ly for func t iona l m o n o m e r s wi th the capacity 

to b o n d to ca l c ium (71). 
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Figure 13: Shows the smear layer and the process of hybridization using self-etching system with different 

pH (Van Landuyt et al, 2005) 

Funct iona l m o n o m e r s wi th specif ic phospha t e g roups , such as phenyl-P (2-

methacry loxyethy l pheny l hyd rogen phosphate ) , a n d 10-MDP (10-

methacry loxydecy l d i h yd rogen phosphate ) or carboxyl ic g r o u p s such as 4-META 

(4- methacry loxye thy l t r imel l i t ic acid), are capab le to b o n d chemica l l y to ca l c ium 

of the res idua l H A p crystals t h rough ionic b ind ing (Figure 14) (72)(73)(71 )(74). 10-

M D P results in m o r e effective a n d hydrolyt ica l ly s tab le chemica l b o n d s as o p p o s e d 

to o ther func t iona l m o n o m e r s such as 4-META and phenyl- P (2-

methacry loy loxyethy l pheny l p h o s p h o r i c acid)(Figure 14)(75)(76). 
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Vinyl group will react 
with monomers in denial 
resin materials when the 
resin is polymerized. 

Long hydrocarbon 
chain results in a 
hydrophobic surface, 
and thereby modifies 
the interface to a 
water-resistant field. 

MDP's Phosphate Group 
bonds strongly to 
Metal Oxides. 

1ZK), A.,0,...) 

\ 0 / 
M-0-M-O-M-O-M-O-M 0 M 

I H H H H H H H H H H i 

CH2=C-C-0-C-C-C-C-C-C-C-C-C-C-0-P-OH 
II H H H H H H H H H H II 

1. Methacrylate functional group for POLYMERIZATION 
2. Phosphoric-acid ester functional group for IONIC BONDING with Ca of HAp (adhesion route) 
3. Spacer with adequate length 

a. efficient SEPARATION of both functional end groups 
b. provides HVDROPHOBICITY Ej 

•acid ester functional grou: for ETCHING: LI 
Enables MICRO-MECHANICAL INTERLOCKING and NANO-LAYERING Id 

< In-II lu-il I: !\ I ii I ri Ii I. in 

stable 10-MDP_Ca NANO-LAYERING 10-MDP 

Figure 14: Shows the structure of MDP and the forming of the chemical bond with the calcium in the HAp 

(Mehta et al, 2010)( van Meerbeek et al, 2020) (Han et al, 2020) 

In termediate ly s t rong adhes ives have a pH of a r o u n d 1.5 and are ne i ther mi ld nor 

s t rong self-etching adhes ives . A t the e n a m e l and dent in levels, this results in better 

m i c romechan i ca l in ter lock ing than mode ra t e self-etching adhes ives . The resul t ing 

demine ra l i z ed layer is 2.5 u m thick a n d has a comple te l y dem ine r a l i z ed surface, 

wh i le the base has res idua l HAp crystals that a l low for chemica l interact ions, 

p rov id ing a m o r e g radua l t rans i t ion of the exposed co l lagen network to the 

under l y ing u n d a m a g e d dent in (13). Self-etch adhes ives have a s t ronger 

connec t i on to co l lagen than etch-and-rinse adhes ives , wh i ch increases the 

probab i l i t y of chemica l b o n d i n g be tween r ema in ing hydroxyapat i te crystals and 
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m o n o m e r i c g roups , wh i ch improves b o n d i n g (63). In t e r m s of res tora t ion 

durabi l i ty , the resu l t ing two-fold mic ro-mechan ica l a n d chemica l b o n d i n g 

m e c h a n i s m is though t to be favorab le . The chemica l b o n d i n g c o m p o n e n t gives 

res is tance to hydrolyt ic b r e a k d o w n , whi le the mic ro-mechan ica l b o n d i n g 

c o m p o n e n t gives res is tance to s u d d e n de-bond ing stress (53)(77). 

Two-step self-etch adhes ive sys tems involve the use of hydroph i l i c self-etch 

p r imer f o l l owed by the app l i ca t ion of a m o r e h y d r o p h o b i c adhes i ve res in . This 

creates a m o r e h yd rophob i c interface and a l lows better b o n d durab i l i t y (78). One-

step self-etch adhes i ves are easier to use a n d less t ime c o n s u m i n g than two-step 

self-etch adhes ives , but they have a lower b o n d i n g p e r f o r m a n c e (79). This cou ld 

be due to their poo r mechan i ca l character ist ics , dec reased degree of conve rs ion , 

and greater water so rp t i on f r o m dent in v ia o s m o s i s (79)(66). 

In case of cemen ta t i on us ing self-etch sys tems , a self-etching p r ime r is app l i ed to 

prepare the denta l subst ra te , then the m ixed cemen t is app l i ed over the pr imer . 

Bonds to dent in s t ruc ture us ing this category of cemen t s are a lmos t as high as 

those of the total-etch cemen t s (59). 

2.4.3 Self-adhesive system 

S impl i f i ca t ions to reduce cl inical s teps we re m a d e a n d resu l ted in the 

d e v e l o p m e n t of so cal led self-adhesive res in lut ing agents . Adhes i ves and 

compos i t e res in were c o m b i n e d into one mater ia l that can adhe re to too th 
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s t ructure w i thou t the need for adhes ive or e tch ing process . Self-etching p r imers 

in res in cemen t s reduce s teps du r i ng app l i ca t ion , m in im iz ing ope ra to r e r rors and 

t e chn ique sensit iv i ty wh i le a lso p r o m o t i n g s impl ic i ty of use. They we re in t roduced 

to dent is t ry as a s u b g r o u p of res in cements a n d have ga ined popu la r i t y (80). 

However , it is yet uncer ta in how the s impl i f i ca t ions af fected b o n d i n g efficacy, the 

nature of a d h e s i o n , a n d the cl inical durab i l i t y of the s impl i f i ed res in lut ing agents . 

The m o r p h o l o g y of the adhes i ve interface of these mater ia ls , in part icular , is not 

ent i re ly clear. Never the less , it is impor t an t to fo l l ow the manufac ture r ' s 

ins t ruct ions du r i ng adhes i ve cemen ta t i on , inc lud ing use of the manufac ture r ' s 

adhes ive a n d res in c emen t c o m b i n a t i o n , because invest igators have obse rved 

incompat ib i l i t i es be tween s o m e dual-cure res in cemen t s a n d s impl i f i ed adhes ive 

sys tems (81). 

RelyX U n i c e m , the f i rst self-adhesive res in c emen t on the market , has been 

manu fa c tu r ed s ince 2002 (Figure 15). 

Figure 15: Shows the first self-adhesive resin cement in the dental market, RelyX Unicem 
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RelyX U n i c e m is still a s t rong re ference for in v i t ro and in v ivo invest igat ion data of 

o ther self-adhesive res in cements due to its cl inical e f fect iveness. The n u m e r o u s 

self-adhesive cemen t s ava i lable in the denta l marke t dif fer in their c o m p o s i t i o n , 

work ing/set t ing t ime , the del ivery s ys tem a n d n u m b e r of shades avai lable (50)(59). 

The ma in c o m p o s i t i o n of these cemen t cons is t of two pastes that requ i re hand-

mix ing , auto-mix ing or capsu le t r i tura t ion . This c o m p o s i t i o n is s imi la r to the res in 

compos i t e f i l l ing, w h e r e there are res in and inorganic f i l ler part . Once the cemen t 

is m i x e d , it can be app l i ed in a s ingle cl inical s tep (82)(80). The c emen t has a high 

initial hydrophi l i c i ty after mix ing , wh i ch a ids in wet t ing a n d adap t i on to the too th 

s t ructure . Ac id ic g roups react w i th too th ca l c ium a n d meta l ox ides genera ted by 

ion-leachable f i l lers. As the acidic g roups are c o n s u m e d t h r o u g h o u t the react ion, 

the c emen t b e c o m e s m o r e hyd rophob i c . The a d h e s i o n ob ta ined is due to 

m i c romechan i ca l in ter lock ing wi th too th s t ruc ture and chemica l b o n d i n g be tween 

the acidic m o n o m e r s and HAp crystals (59). 

Because the s m e a r layer is not r e m o v e d , no post-operat ive sensit iv i ty is expec ted , 

acco rd ing to the manufac tu re r ' s l i terature. These cements are s h o w n to be 

mo i s tu re resistant, and s o m e of t h e m can re lease 20 f luor ide ions in the s a m e way 

that glass i o n o m e r c emen t can (83). The res in part of the self-adhesive res in 

cemen t s is mos t l y a mix of convent iona l m o n o m e r s : mono-, di-, or 

mu l t imethacry la tes such as Bis-GMA, U D M A , HEMA, T E G D M A etc. The part icu lar 

acidic func t iona l m o n o m e r s ma in ly methacry la te m o n o m e r s wi th e i ther carboxy l ic 

ac id g roups , as wi th P M G D M (pyromel l i t ic g lycero l d imethacry la te ) and 4- META, 
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or phospho r i c ac id g roups , as wi th 10 -MDP (10-methacry loxydecyl d i hyd rogen 

phosphate ) , Phenyl-P (2-methacry loxyethyl pheny l hyd rogen phosphate ) , Penta- P 

(d ipentaerythr i to l pentaacry la te m o n o p h o s p h a t e ) and B M P (Bis 2-

methacry loxyethy l ac id phosphate ) (59). The phospha t e g roups in these acidic 

m o n o m e r s serve as demine ra l i ze r s of e n a m e l and dent in , wh i le a lso act ing as 

med ia to r s for the chemica l b o n d to ca l c ium. Wi th ca l c ium, the M D P m o n o m e r 

genera tes the mos t inso lub le salts, whe reas 4- META and phenyl-P have a lower 

b o n d i n g potent ia l to HAp a n d hence p r o d u c e fewer hydrolyt ica l ly s tab le salts (76). 

The pH ranges f r o m 1.5 to 3 in newly m ixed self-adhesive cements , d e p e n d i n g on 

acidity and func t iona l m o n o m e r concen t ra t i on . This c o r r e s p o n d s to the acidity of 

the mi ld self-etching pr imer . Then the pH rises qu ick ly in the f irst hour after sett ing 

and reaches pH 7 in 24-48 hours (59)(84). C o m b i n a t i o n s of 

f l uo roa lum inobo ros i l i c a t e glass, b a r i u m glass, quar tz , f u m e d si l ica, y t t e rb ium 

f luor ide , a n d o ther f luor ide-re leas ing f i l lers represent the inorgan ic f i l ler part in 

self-adhesive lut ing agents . Such cements have a lower f i l ler content than 

c o m p o m e r s a n d is s imi la r to f lowab le res in compos i t e s , w i th fi l ler percentage 

rang ing f r o m 60-75 % by we ight (59). 

Examples inc lude: RelyX™ U n i c e m (3M ESPE), BisCem® (BISCO, Inc.), M a x c e m 

Elite™ (Kerr Corpora t ion ) , SpeedCEM™ (Ivoclar V ivadent Inc.). 
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- Regarding the other classification of resin cements according to their 

polymerization mode, they can be classified into chemical-cured, light-

cured, and dual-cured. 

Photo-init iators, wh i ch are act ivated by light, a re used in light-cure res in cements 

(Figure 16). Wi th this type of cement , the capaci ty of light to enter all a reas and 

activate the photo-ini t iators is cr it ical . W h e n c o m p a r e d to o ther types of cements , 

l ight-curing cemen t s have the advantage of hav ing a longer w o r k i n g t ime . As a 

result, the phys ic ian can remove any extra c emen t be fore cur ing (85)(86). In 

c o m p a r i s o n to chemica l-cure or dual-cure res in cements , ano the r advantage of 

light-cure cements is the i r co lor stabi l i ty (85). W h e n cemen t ing th in , t rans lucent 

ce ramic restorat ions , l ight-polymer ized res ins are adv i sed because they pe rm i t 

light to pass t h rough to the res in cemen t (87). 

Dual-cure res in cemen t s (Figure 17) conta in both self-cure ini t iators a n d photo-

init iators as we l l . There fore , such cements are capab le of be ing cu red by bo th 

chemica l s a n d light (49). W h e n the ceramic mater ia l is too thick or o p a q u e to a l low 

Figure 16: Shows some light-cure resin cements (eCement®- Bisco), (G-CEM Veneer®- GC) 
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light to pass t h rough , dua l-po lymer ized res in cemen t s are r e c o m m e n d e d . Light-

cur ing is still r equ i r ed for dual-cure res in cemen t s to ach ieve a high degree of 

po l ymer iza t ion , acco rd ing to s tud ies (85)(88). 

Figure 17: Shows some dual-cure resin cements (Panavia®- Kuraray), (Duo-Link®- Bisco) 

Chemica l-cure Resin cemen t s are a lso k n o w n as "se l f-cur ing" s ince they 

po l ymer ize t h rough a chemica l p rocess . This indicates that fo r the set t ing react ion 

to begin , two c o m p o n e n t s mus t be m i x e d together (89). These cements are 

especia l ly benef ic ia l in s i tuat ions w h e n light cur ing isn't an op t i on . The cases wi th 

ce ramic res tora t ions that do not a l low e n o u g h po l ymer iza t ion of the res in c emen t 

f r o m the cur ing unit might be a g o o d ind icat ion for such c emen t s (90). 
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2.5 Dental ceramics as a restorative biomaterial 

Go ld nob le al loys, due to the i r exce l lent phys ica l and mechan i ca l p roper t ies , were 

cons ide red the go ld s t anda rd for indirect res tora t ions in p ros thodon t i c s (Figure 

18) (91)(92). Af ter that the meta l-ceramic res tora t ions wh i ch rep laced the use of 

the go ld res tora t ion we re also cons ide red as the go ld s t ande red (Figure 18)(93). 

Figure 18: Shows gold and metal-ceramic restorations (Donovan 2004)( spear et ai, 2008) 

However , the need for esthet ic dent istry , as wel l as the g row ing conce rn abou t the 

b iocompat ib i l i t y of denta l al loys, encourage the d e v e l o p m e n t of new products . 

Because of the i r aesthet ics , iner tness , and b iocompat ib i l i t y , ce ramics have 

b e c o m e increas ingly popu l a r as restorat ive mater ia ls . 

This d e m a n d for m o r e esthet ic a n d metal-free res tora t ions , as wel l as r is ing meta l 

pr ices, are expec ted to boos t the n u m b e r of al l-ceramic p ros theses even fur ther . 

However , ce ramics are britt le a n d suscept ib le to f racture , wh i ch is a major cl inical 

issue (94). The fe ldspath ic porce la in c rown was the only choice for ful l coverage 

aesthet ic res tora t ions w h e n denta l ce ramics were invented in the late 1800s 
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(Figure 19) (94). Because of the fe ldspath ic porce la in 's low f lexura l s t rength , it was 

a lmos t app l i ed only on the f ronta l teeth (95). 
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Figure 19: Shows the history of dental ceramic development ( Zhange t a i , 2017) 

A few r emarkab l e re in forced 4 glass ce ramics have been p r o d u c e d t h r o u g h o u t the 

years to o v e r c o m e s o m e of the d rawbacks of fe ldspath ic porce la in . The leucite 

re in forced ce ramic was the f irst k n o w n re in forced fe ldspath ic porce la in (96). 

L i th ium dis i l icate (eg, IPS Empress 2) was p r o d u c e d as a s t ronger a l ternat ive to 

leucite re in fo rced ce ramics (95). L i th ium disi l icate 's phys ica l a n d mechan i ca l 

character is t ics a l l owed for the fabr i ca t ion of three unit f ixed-part ia l den tu res in 

the an te r io r a n d p r e m o l a r a reas (97) (Figure 20) (98). 

Figure 20: Shows full ceramic bridge made form lithium disilicate replacing the first premolar (Schneider, 2016) 
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The inser t ion of meta l ox ides as the ma in c o m p o n e n t of the ce ramic g lassy matr ix, 

such as the glass-inf i l trated a l u m i n a ceramic , was ano the r a d v a n c e m e n t in denta l 

ce ramics . The use of a l um ina as a fe ldspath ic porce la in r e i n fo r cemen t was f irst 

p resen ted in 1965, jus t a f ew years after the in t roduc t ion of leucite r e in fo r cement 

(99). Based on the results of severa l long-term ret rospect ive s tudies , glass-

inf i l t rated z i rcon ia t o u g h e n e d a l u m i n a (In-Ceram Z i rcon ia , VITA Zahnfabr ik ) w i th a 

marg ina l l y h igher f lexura l s t rength than glass-inf i l trated a l u m i n a has a lso been 

p r o d u c e d and ind icated for s imi la r app l i ca t ions as glass-inf i l trated a l um ina (100). 

2.6 Classification of dental ceramics 

There are m a n y c lass i f icat ions of denta l ceramics , on ly the mos t impor t an t 

c lass i f icat ions, f r o m the cl inical po int of v iew, wil l be d i s cussed in this part. M o d e r n 

al l-ceramic sys tems can be ca tegor ized based on their g lass and crystal l ine content 

(Figure 21) (101). 

Figure 21: Shows schematic representation of three basic classes of dental ceramics according to Kelly (Kelly, 

2008) 
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In genera l , h igh s t rength ce ramics conta in h igher a m o u n t s of re in forc ing 

crystal l ine content , resu l t ing in less aesthet ic res tora t ions w h e n c o m p a r e d to 

ce ramics wi th h igher si l ica content such as fe ldspath ic porce la in or leucite ce ramic 

(102) (Figure 22) (103). The opt ica l and mechan i ca l p roper t i es of the ce ramic are 

d e t e r m i n e d by the crystal l ine phase 's nature , crystal s ize, pat tern of part ic le 

d i s t r ibu t ion , and other p roper t i es (104). 

Figure 22: Shows the microstructure of leucite reinforced ceramic and the growth of crystals (LC) within the 

glassy matrix (GM) (Byeon et al, 2018) 

Ceramics can be d iv ided into two basic g roups : s i l ica-based ce ramics a n d oxide-

based ceramics . In genera l , ce ramics that conta in less than 1 5 % si l ica are not 

regarded as si l ica-based ce ramics (95). However , w i thou t a t h o r o u g h 

unde r s t and ing of ce ramic compos i t i ons a n d proper t i es , such a s imp le g r o u p i n g 

can cause cons ide rab le m i s u n d e r s t a n d i n g . There fore , Kelly m a d e ano the r 

c lass i f icat ion, w h e r e he de f ined denta l ce ramic as a compos i t e , or a mix ture of two 
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or m o r e c o m p o n e n t s , a n d he d iv ided denta l ce ramics into three categor ies as: (1) 

p r edominan t l y glass, (2) particle-fi l led glass a n d (3) polycrysta l l ine (101). 

2.6.1 Predominantly glass ceramics 

Glass ce ramics have an a m o r p h o u s glass mat r ix w i th a r a n d o m network of cross-

l inked si l ica as their m ic ros t ruc tu re . This type of ceramic , as the n a m e impl ies , 

inc ludes a f ew or no fi l ler part ic les, wh i ch are pr imar i l y ut i l ized to cont ro l opt ica l 

effects (101). Fe ldspath ic porce la in and g laze that be long to the a luminos i l i ca te 

glass fami ly are examp les of p r edominan t l y glass ce ramics . This type of ce ramic is 

the best at m im i ck ing the aesthet ic character is t ics of ename l , m a k i n g it ideal for 

b o n d e d porce la in venee r fabr i ca t ion a n d use as venee r ing mater ia l s over high-

st rength core subs t ruc tu res (Figure 23) (105)(106)(107)(95). On the o ther hand , 

they are cons ide red the weakes t a m o n g the o ther types of denta l ce ramics , 

w i th f l exure s t rengths range f r o m 70 to 90 M P a (108)(109). 

Figure 23: Shows veneers made from feldspathic ceramic (McLaren e t a i , 2011 ) 
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2.6.2 Partially-filled glass 

To improve the phys ica l a n d mechan i ca l p roper t ies of glass, f i l ler part ic les are 

a d d e d into the mix tu re . Current ly , crystal l ine or h igh-melt ing g lasses that are 

stable at f i r ing t e m p e r a t u r e s are e m p l o y e d as fi l ler part ic les in ce ramics . To 

increase the i r phys ica l and mechan i ca l p roper t i es , s t ronger glass ce ramics like IPS 

Empress , IPS Empress 2/IPS e.max, In-Ceram A l u m i n a , and In-Ceram Z i rcon ia are 

re in forced wi th leucite crystals, l i th ium disi l icate, a l um ina , and z i rcon ia t o u g h e n e d 

a l um ina respect ive ly (110)(111 )(112). As a result of the i r i m p r o v e d character ist ics , 

they can be used to m a k e f ixed part ia l den tu res a n d ful l coverage c rowns for 

poster ior tee th (109). In-Ceram A l u m i n a (VITA Zahnfabr ik ) was f irst i n t roduced in 

1990 and had been one of the mos t popu l a r glass-inf i l trated a luminum-ox ide 

ce ramics (94). InCeram Vita (IN-CERAM ALUMINA , ZIRCONIA) was m a d e th rough a 

process cal led sl ip-casting, wh i ch involves the condensa t i on of an a q u e o u s 

porce la in sl ip on a re f ractory die (Figure 24). Af ter f i r ing, the p o r o u s core is glass 

inf i l t rated, wh i ch is a process in wh i ch mo l t en glass is d r a w n into the pores 

t h rough capi l lary act ion at h igh t empe ra tu res . 
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Sprued wax pattern Investing of wax pattern 

Cast Glass coping Crystaline form 

Finished crown 

Figure 24: Shows the slip-casting process (Nautiyai e t a i , 2015) 

C o m p a r e d to t rad i t iona l fe ldspath ic porce la ins , these mater ia ls have less porosi ty , 

f ewer p rocess ing defects, better s t rength , a n d toughness . For f inal aesthet ics , the 

glass-inf i l trated core is a f te rwards v enee red wi th fe ldspath ic ce ramic . These have 

exce l lent t r ans lucency and esthet ic qual i t ies , but have poor phys ica l p roper t ies 

(95). 

G iven these phys ica l weaknesses of this sys tem and in o rde r to be able to ex tend 

the use of ce ramic res tora t ions , a l i th ium dis i l icate-based glass ce ramic (Si02-

L i20) us ing the hot p ress ing p rocedu re has been deve loped (Empress II, Ivoclar-

Vivadent) in 1998 (Figure 25) (113). 
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Figure 25: Shows the hot pressing technique (Wang et ai, 2015) 

This c o m p a n y also l aunched IPS e .max Press in 2001 , wh i ch is a l i th ium disi l icate 

glass ce ramic wi th a h igher l i th ium dis i l icate c o m p o s i t i o n than Empress II. As a 

result, mechan i ca l p roper t i es have i m p r o v e d (111). The ingots of l i th ium disi l icate 

(IPS e .max Press) are heat-pressed into a spec ia l fu rnace after bu rn ing out the wax 

pat tern (114) (Figure 26). 

Figure 26: Shows the ingots of lithium disilicate (IPS e.max Press) 
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Four years later, IPS e .max CAD was i n t roduced for C A D / C A M res tora t ion in the 

denta l cl inic. IPS e .max CAD is avai lable as b locks fo r cha i rs ide CAD/CAM sys tems 

(115) (Figure 27). 

Figure 27: Shows blocks of IPS e.max CAD 

The mach ineab l e l i th ium disi l icate b locks have a " i n t e rmed ia te " crysta l l izat ion that 

a l lows t h e m to be mi l led eff ic ient ly in a crystal l ine in te rmed ia te phase (blue, 

t rans lucent state). The in te rmed ia te crysta l l izat ion process leads to the f o r m a t i o n 

of l i th ium metas i l i cate crystals, wh i ch are respons ib le for the mater ia l 's p rocess ing 

character is t ics , mach ineab i l i t y , and g o o d edge stabi l i ty. It is after the mi l l ing 

p rocedu re and the res tora t ions are f i red that they reach their f inal crysta l l ized 

state and the i r h igh s t rength . The m ic ros t ruc tu re of in te rmed ia te crysta l l ized IPS 

e. m a x CAD l i th ium dis i l icate compr i s e s of a glassy phase wi th 4 0 % plate let-shaped 

l i th ium metas i l i cate crystals. The length of these crystals ranges f r o m 0.2 to 1.0 m. 

The mic ros t ruc tu re of the IPS e. max CAD l i th ium disi l icate mater ia l after post-

crysta l l izat ion is c o m p o s e d of 7 0 % f ine-grain l i th ium dis i l icate crystals e m b e d d e d 

in a g lassy mat r ix (114)(116) (Figure 28)(94). Cl in ic ians w i th IPS e. m a x CAD are able 
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to fabr icate res tora t ions du r i ng a s ingle visit by us ing intraora l digital impress ions 

and in-office mi l l ing mach ine (117). 

Figure 28: Shows the microstructures of lithium disilicate glass-ceramics. (A) CAD and (B) Press (zhangetai, 

2017) 

After the p roduc t i on of l i th ium disi l icate, and because of the fact that the elastic 

proper t ies of these ce ramics are not compa t ib l e wi th e n a m e l or dent in subst ra te , 

and instead of increas ing the crystal l ine phase to increase f lexura l s t rength of 

ceramic , s o m e deve lopers have taken a d i f ferent a p p r o a c h wi th a recent 

d e v e l o p m e n t of a novel polymer-inf i l t rated ce ramic (Enamic, 7 VITA Zahnfabr ik ) , 

wh i ch is less britt le than other types of ce ramic (Figure 29). A c co rd ing to the 

manufac tu re r , 7 5 % of its v o l u m e is fe ldspath ic ce ramic and 2 5 % po l ymer (an 

organic phase of d imethacry la te res in conta in ing U D M A a n d T E G D M A ) . The 

inf i l t rated po l ymer prov ides a f lexura l s t rength , elastic m o d u l u s , ha rdness , 

f rac ture toughness , and s imi la r p roper t i es to those of natura l t oo th s t ruc ture . 
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Ceramic network —• Polymer network — Hybrid ceramic 

Figure 29: Shows the polymer-infiltrated ceramic (Enamic) 

Also ano the r type of res in-matr ix ce ramics (nano-ceramic resin) was p r o d u c e d . 

Ce ramics in this g r o u p conta in organic mat r ix highly f i l led wi th 8 0 % ce ramic 

nanopar t i c les as (Lava Ult imate®, 3 M ESPE) (Figure 30). 

f a J 
TO 

Figure 30: Shows Lava™ Ultimate Restorative for CEREC®, 3M™ ESPE™ 

A l though the fi l ler load ing (80 - 90 w t % or 65 - 77 vo l% ) in the mi l lab le resin-matr ix 

ce ramics is s imi lar to that of polymer-inf i l t rated ceramic , their elastic proper t ies 

and f rac ture behav ior are qui te d i f ferent . In the case of polymer-inf i l t rated 
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ce ramic mater ia ls , the interconnect iv i ty of the ce ramic phase prov ides st i f fness 

and ha rdness that are necessary for the res is tance to plastic de fo rma t i on and 

wear . The duct i le po l ymer network , on the o ther hand , is ab le to effectively 

d is t r ibute s t resses in all d i rec t ions . As a result, the 3-D in te rpenet ra t ing dual 

ne twork of polymer-inf i l t rated ce ramic mater ia ls possess e n h a n c e d res is tances to 

a var iety of b r e a k d o w n p h e n o m e n a , inc lud ing contact a n d f lexura l d a m a g e as wel l 

as fat igue crack g rowth and wea r (118)(94). 

2.6.3 Polycrystalline 

This type of ce ramic is known as dense ly s in te red high-purity ox ide-based or 

polycrysta l l ine ce ramics as it does not conta in si l ica (Figure 31) (119). 

Figure 31: Shows the microstructure of polycrystalline ceramic (no silica) (De Aza e t a i , 2006 ) 

A l u m i n u m ox ide a n d z i r con ium ox ide are two examp les of polycrysta l l ine 

ceramics . The in t roduc t ion of polycrysta l l ine ce ramics in wh i ch a l u m i n u m ox ide or 

3 % yt t r ium-stabi l i sed z i rcon ia (3Y-TZP) can be used as a core mater ia l have 

w i d e n e d the f ie ld of app l i ca t ion in indirect al l-ceramic res tora t ions such as the 
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fabr i ca t ion of f ixed part ia l den tu res a n d s ingle c rowns in the mo la r reg ion 

(120)(104)(110) (Figure 32)(121). 

Figure 32: Shows a FPD in molar region made from zirkonia (Partiyan e t a i , 2017) 

However , due to its l imi ted t rans lucency , Y-TZP has s ignif icant cl inical 

sho r t comings . W h e n put t ing an anter io r c rown or sho r t span FDPs in the presence 

of natura l tee th , z i rconia 's opac i ty b e c o m e s a conce rn . In that case, the ref lectance 

and light scat ter ing do not appea r natura l . In o rde r to create space for a porce la in 

veneer thick e n o u g h to cover an o p a q u e z i rcon ia core and to ma tch the opt ica l 

p roper t ies of the ad jacent natura l dent i t ion , a substant ia l r educ t ion of exist ing 

too th s t ruc ture is r equ i r ed . Fu r the rmore , the f rac tures rate be tween the core and 

the venee r i ng ce ramic was h igher than PFM's res tora t ions . In an effort to avo id 

veneer ch ipp ing a n d de l am ina t i on , mono l i th i c z i rcon ia is o f ten used in ful l a rch 

restorat ions , pos te r io r c rowns and FPDs. In all these cases, the opac i ty of Y-TZP 

z i rcon ia r ema ins a se r ious issue, a l t hough the whi te , o p a q u e mono l i th i c Y-TZP 

res tora t ions may be su i tab le for b l eached teeth (122)(123)(94). The repor ted 

f lexura l s t rengths of dense ly s in te red a l u m i n a a n d z i rcon ia range f r o m 487 to 699 
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M P a and 900 to 1200 M P a respect ively, wh i ch easi ly take the oxide-based 

ce ramics away as the s t rongest mater ia l s in the non-meta l c lass (124)(125). The 

cons t ruc t ion a p p r o a c h for high-strength a l um ina ce ramic f r a m e w o r k s was 

desc r ibed by A n d e r s s o n a n d O d e n in 1993. Despi te the fact that dense ly s in tered 

a l um ina has been ut i l ized as a b iocompa t ib l e mater ia l in the med ica l p ro fess ion 

s ince 1964, vo lumet r i c shr inkage of 15-20% dur ing the s in ter ing stage m a d e 

prec ise venee r ing f r a m e w o r k fabr i ca t ion p rob lemat i c . Once the shr inkage cou ld 

be cont ro l l ed , the in t roduc t ion of this high s t rength f r a m e w o r k mater ia l to 

dent is t ry has m a d e res tora t ion of pos te r io r teeth wi th ce ramic c rowns a n d f ixed-

part ial den tu res a feas ib le op t ion (126). The s a m e issue has to be cons ide red wi th 

z i rconia-based ceramic (127)(128) (Figure 33) (129). 

Z i O , 

1370 ° C 2320 ° C 
Monm-linic Tctagonal Cubic 

Figure 33: Shows the phases of zirconia crystalls (Brog et ai, 2013) 

2.7 Fixation of all-ceramic crowns 

Bes ides the res in cemen t s that we re d i scussed above (self-etch a n d self-

adhesive) , a lso f lowab le compos i t e and p rehea ted compos i t e can be used to lute 
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the al l-ceramic res tora t ion w h e n total l etch sys tem is used (130). In c o m p a r i s o n 

to restorat ive compos i t e s , f l owab le compos i t e s have a lower f i l ler content . 

D e p e n d i n g on the k ind and shape of the fi l ler mater ia l , mos t f lowab le 

compos i t e s are f i l led be tween (41-53% by v o l u m e a n d 56-70% by weight) (131). 

W h e n the f i l ler c o m p o n e n t is ra ised, the f low is r educed , m in im iz ing 

po l ymer iza t ion shr inkage but increas ing the diff iculty of adequa te l y seat ing a 

res tora t ion w h e n used as a lut ing c emen t (132). If the fi l ler content of a f lowab le 

compos i t e was s imi la r to that of a restorat ive compos i t e (70 - 80 %) a n d the 

physica l p roper t i es we re the same , it m a y be a feas ib le a l ternat ive to res in 

cement . (131)(132). 

Figure 34: Shows some products of flow composite 

All f lowab le compos i t e s are not c reated equa l . F lowable compos i t e s c o m e in a 

w ide var iety of phys ica l character ist ics , such as f low, m o d u l u s of elasticity, f lexura l 

s t rength , and radiopac i ty , as wel l as fi l ler content (132). The f lexura l s t rengths have 

been r epo r t ed to range f r o m 66 M P a to 145 M P a (132)(133). 
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Preheat ing res in compos i t e s s impl i f i es restorat ive p l acement a n d increases 

m o n o m e r conve rs ion w i thou t caus ing changes in opt ica l character is t ics (130)(134) 

(135) as is the case wi th l ight-polymer iz ing res in-based cemen t s (136). 

P reheat ing c o m p o s i t e res ins may also be an op t i on for improv i ng the m i c roshea r 

b o n d s t rength of compos i t e s on dent in (137). Fu r the rmore , p rehea t ing hybr id 

compos i t e reduces its v iscos i ty a n d f i lm th ickness , a l low ing fo r easier hand l ing , 

i m p r o v e d compos i t e adaptab i l i t y to cavity wal ls , and increased po l ymer i za t i on 

and depth-of-cure (138)(139). However , p rehea t ing compos i t e to relat ively high 

t e m p e r a t u r e s (54°C or 68°C) to p r o m o t e f low and adaptab i l i t y increases the 

vo lumet r i c sh r inkage (139). Moreove r , K a h n a m o u e i et al f o u n d that repeated 

prehea t ing of c o m p o s i t e res in samp les , up to 55-60°C for 40 rounds , resu l ted in 

m o r e co lor changes c o m p a r e d wi th unhea ted compos i t e res in s a m p l e s (140). 

Figure 35: Shows different types of composite heaters 
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3 AIMS OF STUDY 

It has been s h o w n that selective-etch on e n a m e l improves b o n d s t rength of s o m e 

self-adhesive res in cemen t s to ena me l . However , this carr ies the risk of 

con tam ina t i ng ne ighbor ing dent in sur faces wi th the p h o s p h o r i c ac id . 

It has been also sugges ted to app ly a weak ac id like polyacryl ic ac id (PAA), to 

improve the b o n d s t rength of self-adhesive cemen t s to den t in . However , s o m e 

wor r i e s exist regard ing its app l i ca t ion t imes and concent ra t ions . 

There fore , the a ims of this s tudy were to eva luate the ef fect iveness of dent in 

p re t rea tment wi th PAA and/or H 3 P 0 4 us ing two self-adhesive res in cements 

c o m p a r e d to an etch-and-rinse sys tem; on the tens i le b o n d s t rength be tween 

L i th ium Disi l icate res tora t ions a n d dent in ; a n d to eva luate the cement/dent in 

interfaces us ing a s cann ing e lect ron m i c ros copy analys is (SEM). De te rm in ing the 

fa i lure type was a lso a part of ou r invest igat ions. 
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4 MATERIALS AND METHODS 

O n e h u n d r e d and twelve caries-free th i rd mo la r s recent ly ext rac ted f r o m pat ients 

aged 20-30 years because of per i coron i t i s we re co l lec ted. Ethics approva l n u m b e r 

80/21 f r o m the Ethics C o m m i t t e e at Palacký Univers i ty and verba l consent of the 

d o n o r s we re ob ta ined . The teeth were then c leaned wi th an u l t rasonic sca ler and 

s to red in a 1 0 % f o rma l i n so lu t ion (HistoFOR BFS-L1; Pro-charitus.r .o, CZ) (Figure 

36), for one week after ext ract ion (141), and then the teeth we re kept in dist i l led 

wate r unti l use. The teeth were tested w i th in a m a x i m u m of one m o n t h after 

ext rac t ion . 

Figure 36: Shows an extracted tooth in formalin solution 

The roots of the teeth were e m b e d d e d in au to-po lymer ized acryl ic res in 

(Spofacryl™; SpofaDenta la .s , Jičín, CZ) to faci l i tate hand l ing du r i ng the cut t ing and 

test ing p rocedu res (Figure 37). 
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Figure 37: Shows an extracted tooth in the acrylic base before preparation 

Two self-adhesive dual-cure cements , M a x c e m Elite C h r o m a (Kerr, Scafati , Italy) 

and Relyx U200 (3M ESPE, Neuss , Germany ) , we re used . A convent iona l res in dual-

cure cement , NX3 Nexus (Kerr, Scafat i , Italy) (Table 1), wh i ch requ i res the 

app l i ca t ion of an adhes ive , was a lso used as an externa l cont ro l g roup , s ince the 

EAR sys tem is still cons ide red as the go ld s t anda rd fo r denta l a d h e s i o n (142) 

(Figure 38). 

Figure 38: Shows the cements used in this study 
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4.1 Preparation of dentin specimens 

The c rowns of the teeth we re cut pe rpend i cu la r l y to the long axis of the too th w i th 

a low-speed d i a m o n d saw (IsoMet, Buehler , Lake Bluff, IL) under cop ious 

water to expose a flat, m idd le th i rd den t in sur face . The g r o u n d dent in 

sur faces were obse rved unde r an opt ic m i c ros cope to ver i fy comp le te 

e n a m e l r emova l . W h e n needed , the sur face was fu r ther g r o u n d wi th the 

s a m e saw unti l comp le t e r emova l of e n a m e l was ach ieved . 

A s t anda rd i zed s m e a r layer was ach ieved by g r ind ing the flat dent in sur faces 

us ing 320-grit s i l i con carb ide paper wi th a s ingle-wheel g r inder a n d po l i sher 

(Saphir 550, Meta l co Test ing s.r.o, Roztoky u Prahy, CZ) for one m inu te 

under con t i nuous wate r i r r igat ion to s imu la te the c reat ion of a s m e a r layer 

that w o u l d be c reated cl inical ly by a red d i a m o n d bur (143) (Figure 39), the 

one used in c rown p repa ra t i on , to induce cl inical ly re levant s t anda rd ized 

sur face roughness . 

Figure 39: Shows the machine used for the standardization process of the smear layer (Saphir 550) 
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Teeth were kept, in d ist i l led water du r i ng and be tween all expe r imen ta l 

p rocedures . Teeth were r a n d o m l y d iv ided into seven g roups cons is t ing of 16 

teeth each . 

G r o u p 1 (NX3) (the externa l cont ro l group) , the dent in e tched for 10 seconds wi th 

Kerr Gel e tchant 3 7 . 5 % p h o s p h o r i c ac id (Kerr, Scafati , Italy), then was tho rough l y 

w a s h e d us ing a wate r spray for at least 30 seconds , t hen gent ly air-dried for 5 

seconds . P r imer (Opt i Bond FL, Kerr, Scafati , Italy) was app l i ed twice, f o l l owed by 

air-drying for 15 seconds , t hen adhes ive (Opt i Bond FL, Kerr, Scafati , Italy), then 

air-drying for 15 seconds (Figure 40), and after that NX3 Nexus dual-cure res in 

c emen t was app l i ed . 

Figure 40: Shows samples preparation in the Group 1 and the materials used 

G r o u p 2 (MAX-no): no dent in pre-treatment, M a x c e m was app l i ed acco rd ing to the 

manufac ture r ' s inst ruct ions . 

G r o u p 3 (MAX-PAA): after the app l i ca t ion of 2 5 % polyacry l ic ac id (Ketac 

Cond i t i one r ; 3 M ESPE, Seefe ld , Germany ) for 15 s, the ac id was tho rough l y w a s h e d 

us ing a wate r spray for at least 30 s, then M a x c e m was app l i ed (Figure 41). 
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Figure 41: Shows samples preparation in the Group 3&6 and the acid used 

G r o u p 4 (MAX-HPO): after the app l i ca t ion of 3 7 . 5 % p h o s p h o r i c ac id for 10 s, the 

ac id was tho rough l y w a s h e d us ing a wate r spray for at least 30 s, then M a x c e m 

was app l i ed . 

G r o u p 5 (RLX-no): no dent in pre-treatment, Relyx was app l i ed acco rd ing to the 

manufac ture r ' s inst ruct ions . 

G r o u p 6 (RLX-PAA): after the app l i ca t ion of 2 5 % polyacry l ic ac id (Ketac Cond i t i one r ; 

3 M ESPE, Seefe ld , Germany ) for 15 s, the ac id was tho rough l y w a s h e d us ing a 

wate r spray for at least 30 s, then Relyx was app l i ed (Figure 41). 

G r o u p 7 (RLX-HPO): after the app l i ca t ion of 3 7 . 5 % p h o s p h o r i c ac id for 10 s, the 

ac id was tho rough l y w a s h e d us ing a water spray fo r at least 30 s, then Relyx was 

app l i ed . 
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Before the b o n d i n g p rocedu re in all g roups , the mo i s tu re in the dent in was 

modera te l y r e m o v e d wi th short , m o d e r a t e blasts of air, leav ing a br ight sur face 

w i thou t any f lu id m o v e m e n t . 

4.2 Preparation of Lithium disilicate-based ceramic 

samples 

The s a m p l e des ign (5 m m in d i amete r and 10 m m in height), as a digital STL file 

(Figure 42). 

Figure 42: Shows the ceramic sample design as STL file 

was p repa red to be pr in ted out by a S t r a u m a n n P ser ies Rap idshape 3D pr inter 

us ing Detax Freepr int res in fo r the digital p roduc t i on of the cast pat tern ( 1 0 0 % 

residue-free burning) (Figure 43). 
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Figure 43: Shows the 3D printer Straumann P series Rapidshape and Detax Freeprint resin for the digital 

Figure 44: Shows the digital sample design and the resin sample printed out by 3D printer 

then l i th ium dis i l icate-based ceramic cy l inders (IPS e .max Press; IvoclarVivadent, 

Schaan , L iechtenstein) we re m a d e wi th the hot-press ing t e chn ique . The res in 

s amp le s we re a t tached to wax sp rues and invested in f lasks us ing an inves tment 

mater ia l (Pressvest speed , Ivoclar v ivadent , L iechtenstein) , be fore bu rn ing the 

resin out in a fu rnace (EP 600; IvoclarVivadent, Schaan , L iechtenstein) . A f te rwards , 

e .max Press ingots were heat-pressed into the space created by the b u r n e d res in. 

The ce ramic samp les , w h e n coo led , we re r e m o v e d f r o m the f lasks (Figure 45), 

sp rues were cut. 

production of the cast pattern (100% residue-free burning) 
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Figure 45: Shows the ceramic sample after deflasking 

Then the s amp le s we re r e m o v e d a lso f r o m the inves tment mater ia l ( I P S® Press 

Vest Inves tmentMater ia l ; IvoclarVivadent, Schaan , L iechtenstein) , s m o o t h e d and 

po l i shed acco rd ing to the manufac ture r ' s ins t ruct ions . 

The teeth a n d the ce ramic b locks were e x a m i n e d under digital opt ica l m i c roscope 

(Keyence VHX-5000, Belgium) and only intact s amp l e s we re inc luded in this study. 

Before the cemen ta t i on process , the ce ramic s amp le s were e tched w i th 9 % 

hydrof luor i c ac id (Porcela in etch; U l t radent Products , Inc, Co logne , Ge rmany ) 

(Figure 46) for 20 seconds , then r insed wi th air/water for 30 seconds . The samp les 

we re then i m m e r s e d in 9 6 % a l coho l ( E thano lum 9 6 % ; Fagron. CZ) a n d then 

subsequen t l y in an u l t rasonic bath (ZZIinker,LK-D32, China) for 5 m inu tes (141) 

(Figure 47), for better r emova l of the p roduc t res idues after acidic cond i t ion ing . 
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Figure 46: Shows the etching hydrofluoric acid gel 

zzhnker 

Figure 47: Shows the ultrasonic bath 

After that, a s i lane (Ceramic s i lane; U l t radent P roducts , Inc, Co logne , Germany ) 

(Figure 48) was app l i ed to the e tched ce ramic sur faces two t imes wi th a 

m i c r o b r u s h . 
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Figure 48: Shows the silane used to prepare the ceramic surface 

Figure 49: Shows the application of hydrofluoric acid, ultrasonic cleaning with alcohol, and silane application 

to prepare the ceramic surface 

4.3 Cementation procedures 

The ceramic s amp le s we re c e m e n t e d to the dent in sur faces us ing the d i f ferent 

cements , a cco rd ing to the m e n t i o n e d app l i ca t ion in the table 1 (Figure 50). 

Figure 50: Shows a study sample after the fixation process 
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The b o n d i n g of the ce ramic s amp le s was ach ieved unde r a static load (250 g) unti l 

comp le t e set t ing to s imu la te a n d s t anda rd ize f inger p ressure (144). This was done 

by m e a n s of a metal l ic too l to create a un i f o rm res in th i ckness (Figure 51). 

Figure 51: Shows a metallic tool used to create a uniform resin thickness 

The seat ing force was app l i ed for the f irst 6 m in unti l c omp le t e set t ing of the 

c emen t leaving the mater ia l to set in the self-curing m o d e . 

Dur ing that pe r i od , the excess c emen t was r e m o v e d w i th m i c r o b r u s h and sca lpel 

b lade. Then photoac t i va t ion was p e r f o r m e d wi th a po l ymer iza t ion light unit (VALO; 

U l t radent P roducts , Inc, Co logne , Ge rmany ) (Figure 52) fo r 20 s (60 s in total) f r o m 

each s ide wi th a powe r dens i ty of 1000 mW/ c m 2 wh i ch was ver i f ied be fore use 

wi th rad iomete r . 
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Figure 52: Shows the lamp used for light curing the cement after fixation 

After cementa t i on , all the s amp le s we re s to red in dist i l led wate r fo r 24 h at 37 °C 

before the tens i le b o n d s t rength tests we re p e r f o r m e d . 

4.4 Tensile bond strength test and fracture analysis 

Tensi le b o n d s t rength tests we re p e r f o r m e d for 13 s p e c i m e n s in each g roup us ing 

a load cell of 1 KN at a cross-head s p e e d of 0.5 m m / m i n unti l fa i lure us ing a 

Zwick/Roel l Un iversa l Test ing Mach ine (Zwick/Roell , U l m , Ge rmany ) (Figure 53) 

(Figure 54). 
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Figure 54: Shows the test performed by the Universal Testing Machine (Zwick/Roell, Ulm, Germany) 

The TBS was exp ressed in M P a , a n d der i ved by d iv id ing the force that was i m p o s e d 

(N) at the t ime of f rac ture by the b o n d area (mm 2 ) (145). Af ter d e b o n d i n g , the 

dent in and ce ramic sur faces were e x a m i n e d unde r an opt ica l m i c roscope at 20X 

to ana lyze the fa i lure types. The fa i lure types we re c lass i f ied as fo l lows : adhes ive 

(failure at the res in/dent in or res in/ceramic interface), cohes ive (failure in the 

dent in or ceramic , or w i th in the lut ing c emen t itself), or m ixed (146) (Figure 55). 
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Figure 55: Shows the mixed failure A, and the adhesive failure B 

4.5 Sectioning and interface evaluation under SEM 

For examina t i on unde r SEM (Tescan VEGA3 L M U , Brno, CZ) (Figure 56), the b o n d e d 

teeth (n=3) were cut mes iod is ta l l y by a low-speed d i a m o n d saw (IsoMet, Buehler , 

Lake Bluff, IL) unde r cop ious water . Then the dent in s ides of all the s amp le s were 

e tched wi th H 3 P 0 4 for 5 s e conds and w a s h e d wi th dist i l led water for 30 seconds . 

After that, the s a m p l e s we re i m m e r s e d in s o d i u m hypoch lor i te 2 . 5 % for 3 minutes , 

then w a s h e d wi th dist i l led water for 30 seconds . The s amp le s were then 

dehyd ra t ed in a g r aded ser ies of e thano l so lu t ions (147). The s a m p l e s were 

a t tached on the SEM ho lders by conduct i ve c a rbon tape . Al l the spec imens 
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were ana lyzed us ing the SEM at an e lectron-accelerat ing vol tage of 5 kV to 

eva luate the dent in/cement interface. 

Figure 56: Shows the SEM microscope used in this study Tescan VEGA3 LMU 

SEM observa t ions fo r the dent in-resin inter faces we re p e r f o r m e d at d i f ferent 

magni f i ca t ions (800x, 3000x, 6000x). However , on ly one magn i f i ca t ion (6000x) is 

d e m o n s t r a t e d in the results of this study. 

4.6 Statistical analysis 

Descr ipt ive stat ist ical m e t h o d s were used for the stat ist ical analys is , especia l ly 

s a m p l e m e a n , s t anda rd dev ia t ion , coeff ic ient of var ia t ion , a n d m e d i a n . The 

norma l i t y o f the data s a m p l e s was tes ted us ing the Shapiro-Wilk test and 

homoscedas t i c i t y was tes ted us ing the Bart lett test. The Shapiro-Wilk test detected 

that the data of s o m e g roups we re not no rma l l y d i s t r i bu ted . There fore , the 
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Kruskal-Wall is test f o l l owed by a pa i rwise c o m p a r i s o n us ing the W i l coxon rank 

s u m test we re used to test the inf luence of dent in cond i t ion ings and d i f ferent 

types of c emen t s on b o n d s t rength and , in add i t i on , to c o m p a r e the m e d i a n va lues 

a m o n g the g roups (a=.05) (Figure 57). The stat ist ical analys is of the data was 

p e r f o r m e d in R 3.6.2 (Vienna, Austr ia) . 

o c 

° 
m -

o -

MaxcemO MaxcemFos RelyxO 

MaxcemO 
MaxcemAkr 

Figure 57: Shows distribution of data in a box chart. The horizontal line in the box represents the median 

value 
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5 RESULTS 

The tens i le b o n d s t rength resul ts a m o n g all the g r o u p s are s u m m a r i z e d in Table 

2. The h ighest m e a n va lue was obse r ved for NX3. The b o n d s t rength ob ta ined for 

M A X after the pre-treatment wi th PAA was the lowest m e a n va lue, and s h o w e d 

stat ist ical d i f fe rences f r o m all the o ther g roups (P < 0.05). 

No stat ist ical d i f fe rence was f o u n d w h e n MAX-no and RLX-no we re c o m p a r e d . 

The m e a n va lue of NX3 (the cont ro l g roup) was h igher than that of RLX-no (P = 

0.0488). The dent in pre-treatment us ing p h o s p h o r i c ac id ame l io ra tes the TBS of 

the RLX to be c o m p a r e d to NX3. 

No stat ist ical d i f fe rences we re f o u n d be tween RLX-HPO, MAX-HPO, a n d NX3 (P = 

1.000). 

Conce rn ing SEM observa t ions , the cement/dent in inter face for each pre-

t r ea tmen t wi th the cemen t s that we re used is i l lustrated in Figures 58, 59, and 60. 

On l y the etch-and-rinse g r o u p s (NX3, MAX-HPO, RLX-HPO) d e m o n s t r a t e d the 

inf i l t rat ion of res in tags into the dent ina l tubu les . In contrast , the g r o u p s wi th 

un t rea ted dent in or w i th PAA pre-treatment s h o w e d no res in inf i l t rat ion, except a 

f ew shor te r tags wi th RLX-PAA. 
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Figure 58: Shows the cement/dentin interface under SEM (no-treatment groups) A: Maxcem, B: Relyx 

A B 
i i i i VEGA3TESCAN 1 1 : T " ^ ^ ^ ™ 3 VEGA3TESCAN 

50 [Jin SO pm 
KEF UPOL KEF UPOL 

Figure 59: Shows the cement/dentin interface under SEM (PAA pre-treatment groups) A: Maxcem, B: Relyx 

Figure 60: Shows the cement/dentin interface under SEM (H3P04 pre-treatment groups) A: Maxcem, B: 

Relyx, C: NX3 

Conce rn ing the type of fa i lure that was ob ta ined after the TBS test, there we re no 

cohes ive or m ixed fa i lures a m o n g the no-pre-treatment g roups . A n adhes ive 
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fa i lure was a lso d o m i n a n t w i th the MAX-PAA g roup . M i x e d a n d adhes i ve fa i lures 

we re obse r ved in the MAX-HPO, RLX-HPO, RLX-PAA, a n d NX3 g roups . The 

percentages of fa i lure types are desc r ibed in Table 3. 

69/98 



Manufacturer Composition Application 

Material 

Relyx U200 

Lot number 

(3M ESPE, Neuss, Germany) 

4957491 

Maxcem Elite Chroma (Kerr, Scafati, Italy) 

7205841 

Nexus NX3 dual-cure (Kerr, Scafati, Italy) 

7233567 

Base paste: glass powder 
treated with silane, 2-
propenoic acid, 2-methyl 
1,10-(1 -[hydroxymetil]-1,2-
ethanodlyl) ester 
dimethacrylate, triethylene 
glycol dimethacrylate 
(TEGDMA), silica treated 
silane, glass fiber, sodium 
persulfate and per-3,5,5-
trimethyl hexanoate t-
butyl; catalyst paste: glass 
powder treated with silane, 
substitute dimethacrylate, 
silica-treated silane, 
sodium p-toluenesulfonate, 
1 -benzyl-5-phenyl-acid 
barium, calcium, 1,12-
dodecane dimethacrylate, 
calcium hydroxide, and 
titanium dioxide 

HEMA, GDM, UDMA, 
1,1,3,3-tetramethylbutyl 
hydroperoxide TEGDMA, 
fluoroaluminosilicate glass, 
GPDM, barium glass filler, 
fumed silica (69 wt %) 

Uncured methacrylate 
ester monomers, HEMA, 
PTU, CHPO, free tertiary 
amines and benzoyl 
peroxide, inert mineral 
fillers, titanium dioxide, 
radiopaque agent, and 
pigments 

Apply the cement after 
mixing on the ceramic 
surface; seat the 
restoration gently onto the 
preparation allowing the 
cement to flow from all 
sides, then press. All 
samples were put under a 
static load, waiting for 60 s; 
during this time we clean 
the excess cement, then 
light cure for 20 s from each 
side (60 sin total) 

Apply the cement after 
mixing on the ceramic 

surface; seat the 
restoration gently onto the 
preparation allowing the 
cement to flow from all 

sides, then press. All 
samples were put under a 
static load, waiting for 60 s; 
during this time we clean 
the excess cement, then 
light cure for 20 s from 
each side (60 s in total) 

Apply the cement after 
mixing on the ceramic 
surface; seat the 
restoration gently onto the 
preparation allowing the 
cement to flow from all 
sides, then press. All 
samples were put under a 
static load, waiting for 60 s; 
during this time we clean 
the excess cement, then 
light cure for 20 s from each 
side (60 s in total) 

Table 1: Shows the composition, batch number, and manufacturer of materials used in this study 
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Group N Mean (MPa)+SD Media n(M Pa) 

NX3 13 9.66+4.53 a ' b 10.88 

RLX-no 13 5.40±2.83a'c 5.62 

RLX-PAA 13 5.73+3.01 e 6.47 

RLX-HPO 13 7.87±4.48f 7.20 

MAX-no 13 5.36+3.25 d 6.28 

MAX-PAA 13 1.94±1.35b"8 1.98 

MAX-HPO 13 7.58+4.81 s 8.45 

Table 2: Shows the Mean, Median TBS with (SD) for each luting agent after different dentin surface 

treatments. Upper letters indicate significant differences between the different groups (p< 0.05). 

Relyx U200 Maxcem Elite 

Chroma 

Nexus NX3 dual-

cure 

No pre-

treatment 

1 0 0 % A 1 0 0 % A 5 3 . 8 4 % A, 4 6 . 1 5 % 

M 

H3P04 69.24 % A, 3 0 . 7 6 % 6 1 . 5 3 % A, 

M 3 8 . 4 6 % M 

PAA 84.61 % A, 1 5 . 3 8 % 100 % A 

M 

Table 3: Shows the percentage of failure mode: A- adhesive, M- mixed, C- cohesive 

71/98 



6 DISCUSSION 

Bond ing to dent in is d e m a n d i n g , because dent in is a c o m p o u n d mater ia l w i th 

abou t 50 v o l % of inorgan ic minera ls , 30 v o l % of co l lagen a n d 20 v o l % of water 

(148) . Bond ing strategy to dent in concent ra tes on bo th inorganic and organic 

phase (mainly col lagen) under the h u m i d env i ronment . Mo reove r , mos t of the 

denta l subs t ra tes after p repa ra t ion are cove red wi th s m e a r layer, wh i ch behaves 

as a barr ier aga inst the penet ra t ion of c emen t mo lecu les into denta l t issues 

(149) (150). 

The ex is tence of the s m e a r layer has been recogn ized as the weak link in 

b o n d i n g of GIC's to dent in (151), a n d this might be the s a m e w i th self-adhesive 

cemen t s a lso (152). The s m e a r layer c o n t a i n s dent in-buf fer ing c o m p o n e n t s that 

may part ic ipate into the neut ra l iza t ion effect du r ing set t ing of the self-adhesive 

resin cements (153). Clinical ly, mod i f i ca t ion or r emova l of the s m e a r layer is 

the re fo re necessary to f o r m the hybr id layer to ensu re a potent b o n d be tween 

the res in and dent in (154)(155). 

In the p r e s e n t s tudy , w h e n M a x c e m w a s a p p l i e d a c c o r d i n g to the 

m a n u f a c t u r e r ' s i n s t r u c t i o n s (no p re- t rea tment ) , its b o n d s t r e n g t h w a s 

c o m p a r a b l e to EAR s y s t e m (P>0.05), wh i l e w i t h Relyx h a d a l o w e r s ta t i s t i ca l l y 

v a l ue (P=0.0488). 

The se l f-adhes ive r es in c e m e n t s , in g e n e r a l , have a l im i t ed ab i l i t y to 
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d e m i n e r a l i z e the h a r d d e n t a l t i s sues (156)(157). H o w e v e r , the d i f f e r en t 

c h e m i c a l c o m p o s i t i o n s o f the se l f-adhes i ve c e m e n t s c o u l d i n f l uence the i r 

m e c h a n i c a l p r o p e r t i e s a n d b o n d i n g p e r f o r m a n c e s (158). Th i s m i g h t e x p l a i n 

t he d i f f e r e n c e s in b e h a v i o r b e t w e e n the n o - t r e a t m e n t g r o u p s (RLX a n d MAX ) 

w h e n c o m p a r e d to EAR. S imi la r l y , M o n t i c e l l i eta/. (157) s h o w e d tha t RLX h a d 

l o w e r b o n d s t r e n g t h to d e n t i n t h a n EAR s y s t e m s . 

The a p p l i c a t i o n o f po l yac ry l i c a c i d as p r e t r e a t m e n t w i t h Relyx d idn ' t a f fec t the 

b o n d s t r e n g t h v a l u e s w h e n c o m p a r e d to RLX-no. T h e s e resu l t s c o n t r a d i c t the 

f i n d i n g s o f P a van et al (159), w h o v e r i f i e d a n o t a b l e e n h a n c e m e n t in t h e 

b o n d s t r e n g t h o f t h i s s e l f - a d h e s i v e c e m e n t w h e n 2 5 % p o l y a c r y l i c a c i d 

p r e t r e a t m e n t w a s p e r f o r m e d f o r 1 0 s . 

O n t h e o t h e r h a n d , M a x c e m w i t h P A A t r e a t m e n t h a d t h e l o w e s t b o n d s t r e n g t h 

va lue . W e a g r e e w i t h t h e r esu l t s o b t a i n e d in t h e s t u d y o f M a z z i t e l l i e t a l (160) . 

T h e a u t h o r s f o u n d t h a t t he b o n d s t rength of the 2-hydroxyethyl methacry la te 

(HEMA)-based cemen t as M a x c e m in our study, s igni f icant ly dec reased after 

dent in t r ea tmen t w i th PAA. T h e r e f o r e , P A A p r e t r e a t m e n t d i d n ' t i m p r o v e t h e 

b o n d s t r e n g t h b u t in c o n t r a s t , t h i s t r e a t m e n t g o o d d e c r e a s e s t h e b o n d 

s t r e n g t h v a l u e . 

Addi t iona l l y , after the app l i ca t ion of 2 5 % polyacryl ic ac id (pH 1.53), the s m e a r 

layer was part ia l ly r e m o v e d , but all the tubu les in the dent in s tayed unp lugged 

(161). This type of demine ra l i za t i on cou ld d a m a g e the in teract ion be tween the 

resin and the co l lagen in dent in (162). It is a lso sugges ted that m o n o m e r s such as 
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U D M A in M a x c e m have hyd rophob i c i t y a n d thus might inf i l trate less into dent in , 

even t h o u g h U D M A has low mo lecu la r weight , wh i ch cont r ibutes to the lower 

v iscosi ty of the c emen t (163). 

It is a lso hypo thes i zed , that high concen t ra t ion of carboxy l ic g roups in PAA acid 

cond i t i one r we re impl i ca ted in a react ion wi th res idua l ca l c ium, wh i ch may cause 

the f o r m a t i o n a PAA-based po lymer i c gel layer w i th in the b o n d i n g interface, wh i ch 

might deter iora te the b o n d s t rength (164). 

Fu r the rmore , the H E M A m o n o m e r in M a x c e m , wh i ch is one of the highest 

hydrophi l i c i t ies a m o n g denta l res ins (165). W i thout unp lugg ing the tubu les in 

dent in , H E M A might not have the potent ia l to inf i l trate into dent in tubu les . 

The d i f fe rences in behav io r be tween RLX and M A X after the app l i ca t ion of PAA 

might a lso be because of the d i f ferent chemica l c o m p o s i t i o n s (158). 

A c co rd ing to the dent in pre-treatment wi th H 3 P 0 4 , the b o n d s t rength va lues of 

both self-adhesive cemen t s (RLX-HPO and MAX-HPO) s h o w e d no d i f fe rences f r o m 

the EAR g roup , wh i le there was a stat ist ical d i f fe rence be tween RLX-no a n d EAR 

g roup . O u r f ind ings do not con f i rm the results of De M u n c k et al (166) a n d Hikita 

et al (167), w h o f o u n d that the f o r m e r cond i t i on ing of dent in deter iora tes the b o n d 

s t rength of the self-adhesive res in c emen t (RelyX Un i c em ; 3 M ESPE) because of its 

high viscosity, wh i ch h inders penet ra t ion on the co l lagen mat r ix a n d leads to the 

f o r m a t i o n of a weak link be tween the c emen t and the dent in . O n the contrary, 

Barce l los et al (168) c l a imed that dent in pre-treatment wi th phospho r i c ac id and 

adhes ive inc reased the b o n d s t rength of (RelyX Unicem) . 
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Simi lar results a lso we re r epor ted by Duar te et al (169), and o ther invest igators 

(167) obse r ved b o n d s t rength in self-adhesive cemen t s s imi la r to that of 

convent iona l res in cemen t s after the use of H 3 P 0 4 . 

This e n h a n c e m e n t of b o n d s t rength w i th Relyx after e tch ing the dent in wi th 

H 3 P 0 4 , may be due to increas ing the hydra t ion state of dent in , because 

phospho r i c ac id esters m a y requ i re water to b e c o m e ion ized a n d interact w i th 

dent in (170)(171). This suggests that the inc reased wate r in the env i r onmen t after 

o p e n i n g the dent in tubu les by H 3 P 0 4 m a y have op t im ized the ac id/base react ion 

and i m p r o v e d b o n d s t rength . 

Ac co rd ing to M a x c e m , it has in its c o m p o s i t i o n H E M A and G D M , wh i ch have one 

of the h ighest hydrophi l i c i t ies a m o n g denta l res ins (165). The au tho r s specu la te 

that after the e tch ing wi th H 3 P 0 4 ; and the tubu les in the dent in have been 

unp lugged ; such m o n o m e r s might have the potent ia l to inf i l trate into the dent in 

tubu les . 

The f ind ings wi th SEM observa t ions on the sur face of unt rea ted dent in emphas i ze 

that the b o n d i n g m e c h a n i s m of these s imp l i f i ed lut ing agents to dent in needs 

fu r ther i m p r o v e m e n t s (such as chemica l b o n d i n g and i m p r o v e d inf i l t rat ion into 

dent in surface) . No notab le demine ra l i za t i on and real hybr id iza t ion cou ld be 

obse r ved , w h e n c o m p a r e d to H3P04-t rea ted g roups . The ex is tence of res in tags 

in dent ina l tubu les after us ing of H 3 P 0 4 m e a n s that the tubu le or i f ices were 

ev ident enough for res in to penet ra te into the t ubu l e and to hybr id ize wi th the 
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nearby co l lagen f ibr i ls , a l low ing better sea l ing (172). This analys is indicates 

i m p r o v e d m i c romechan i c a l re tent ion of dent in subst ra tes . However , it is still 

uncer ta in whe the r the mechan i ca l p roper t i es of the res in cements are the 

o u t c o m e of a chemica l interact ion and/or of mic ro-mechan ica l inter-locking type 

wi th the denta l subs t ra tes (173). The f ind ings ob ta ined here a n d e l sewhere can 

be exp la ined by the inc reased micro-irregular i t ies p r o d u c e d by H 3 P 0 4 a n d the 

p ressure used (166). However , a cco rd ing to Goracc i et al (156), the pressure 

part ic ipates in the th i ckness and poros i ty reduc t ion of the cement , and deve lops 

adapta t ion to the cavity wal ls (166). 

In the present study, PAA pre-treatment was not ab le to o p e n the tubu les , and 

thus , no res in tags were f o r m e d except a f ew shor te r tags wi th RLX-PAA (Figure 59). 

Conce rn ing the type of fa i lure that was ob ta ined after the TBS test, w i th no-

t r ea tmen t g r o u p s and MAX-PAA there were no cohes ive nor m i x e d fa i lures a m o n g 

the no-pre t rea tment g roups . A n adhes i ve fa i lure was d o m i n a n t . M i x e d and 

adhes ive fa i lures were obse r ved in MAX-HPO, RLX-HPO, RLX-PAA a n d NX3 g roups . 

The p resence of m ixed fa i lures ob ta ined fo r RLX-HPO a n d MAX-HPO co r robora tes 

wi th res in tags f o rma t i on , suggest ing a greater in teract ion of the res in c emen t wi th 

dent in but d id not increase the interfacia l adhes i on m o r e than the cohes ive 

s t rength of dent in or the ceramic , nor w i th in the c emen t itself. 

The high var iabi l i ty of the va lues of b o n d s t rength r epo r t ed in the pub l i shed 

art ic les m a y reflect the lack of a s t anda rd test ing p ro toco l a n d to the heterogene i ty 
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in t oo th s t ruc ture a n d c o m p o s i t i o n . The relat ive low TBS va lues ob ta ined in this 

study, might be because mac ro-bond s t rength test was used , wh i ch its va lues is 

abou t half as low as the we igh ted m e a n of the mic ro-bond s t rength test (66). 

O the r poss ib le reasons fo r such high d i f fe rences be tween s tud ies might be due to 

d i f ferent s a m p l e s izes, var iabi l i ty in c emen ta t i on p rocedu re or s torage t ime 

var ia t ions (i.e. 6 m o n t h s vs. 24 h o u r s ) and type of med i a used for s a m p l e s s torage. 

These d ispar i t ies a lso cou ld be due to the s amp le s d i amete r of 5 m m that have 

been used in this s tudy. It was cover ing the centra l a n d per iphera l dent ine wh i ch 

have d i f ferent des ign , whi le in o ther s tud ies wi th m ic ro test, they f o c u s e d on a 

specif ic a rea f r o m dent in sur face . 

Indeed, micro-tensi le bond-strength test ing (uTBS), wh i ch was deve loped in 1994 

by Sano et a l . w i th s amp le s abou t 1 m m 2 or less has s o m e advantages as the better 

e c o n o m i c use of tee th (with mul t ip le m i c r o s p e c i m e n s or ig inat ing f r o m one tooth), 

the better stress d i s t r ibu t ion at the t rue interface (avoiding cohes ive fa i lure in 

t oo th subst ra te or compos i te ) , the better cont ro l of regional d i f fe rences (e.g. 

per iphera l ve rsus centra l dentin) , etc., but in our s tudy we chose the Mac ro TBS 

because we wan ted to test the s p e c i m e n s in m o r e cl inical ly re levant 

c i r cumstances , s ince pract ical ly there are no denta l res tora t ions w i th in 1 m m 2 

area . Bes ide that the micro-tensi le bond-st rength test is m o r e l abor ious and 

technique-sens i t ive (66). 
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A n o t h e r issue inc ludes the big a m o u n t of pre-testing fa i lures of ten r e co rded wi th 

micro-tensi le b o n d s t rength tes t ing can't be neglected (66). 

Regard ing the l imi ta t ions of this in-vitro study, we can men t i on that usua l ly w h e n 

the b o n d s t rength test is e m p l o y e d , the b o n d i n g p e r f o r m a n c e is tes ted in a flat 

dent in sur face , but this doesn ' t m imic the oral env i ronmen ta l cond i t ions . O the r 

factors that might affect the resin-dentin b o n d s such as occ lusa l load ing, pH 

changes , a n d enzymat i c cha l lenges were not t aken into cons ide ra t i on in this s tudy. 

The l i t e ra tu re has n o t p r o v i d e d the m i n i m u m b o n d s t r e n g t h t ha t the l u t ing 

agen t s m u s t have to t he d e n t a l t i s sues in o r d e r to g u a r a n t e e the l ongev i t y a n d 

s u c c e s s o f the c e m e n t e d r e s t o r a t i o n s (174). There fore , long-term clinical tr ials 

and fu r ther invest igat ions are adv isab le to improve adhes i ve dent istry , not on ly by 

deve lop ing less t ime-consuming cements , but a lso by enhanc ing the qual i ty and 

longevity of the b o n d s c reated wi th such cements . 
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7 CONCLUSION 

With in the l imi tat ions of this study, we conc lude that, 

• M a x c e m Elite C h r o m a as a self-adhesive res in c emen t might be an effective 

a l ternat ive to convent iona l res in c e m e n t (EAR system). Etching the dent in 

wi th p h o s p h o r i c ac id doesn ' t negat ively affect the b o n d s t rength of M A X to 

den t in . O n the o ther hand , phospho r i c ac id improved the b o n d s t rength of 

Relyx U200 w h e n c o m p a r e d to EAR cement . 

• Polyacryl ic ac id didn't affect the b o n d s t rength of Relyx U200 to dent in , 

whe reas it dec reased s ignif icant ly the b o n d s t rength of M a x c e m Elite. 

There fore , we can't conc lude that all sel f-adhesive c e m e n t cou ld be 

c lass i f ied as one h o m o g e n e o u s g roup . 

• A l so in this study, it can be conc luded that hyd rophob i c/hydroph i l i c 

p roper t ies of the cemen t s a n d the i r func t iona l m o n o m e r s s ignif icant ly 

a f fected the b o n d s t rength after s m e a r layer t rea tment . 

• Cl in ic ians s h o u l d u n d e r s t a n d the p roper t i es of each c emen t be fore us ing it 

as a lut ing agent. 
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9 LIST OF FIGURES 

Figure 1: Shows the the main process of adhesion in dentistry (Xiao-zhuangj in eta/, 2016) 

Figure 2: Shows the composition of dentin 

Figure 3: Shows the triple helix structure of the collagen type 1 in dentin (Betancourt DE e t a i , 2019) 

Figure 4: Shows the cross-links within collagen molecules in dentin (Adamiak et a/ 2020) 

Figure 5: Shows the dentin structure and the relationship between the number and the diameter of tubules 

and the distance from pulp (Kontakiotis e t a l , 2015, Tjaderhane e t a l , 2012) 

Figure 6: Shows odontoblasts extensions in dentin ( C h a n g e t a i , 2019) 

Figure 7: Shows the smear layer on dentin (Van Landuyt et ai, 2005) 

Figure 8: Shows a classification of resin cements in dentistry 

Figure 9: Shows the dentin after acid etching (exposed collagen fibrils) and after the application of 

primer/adhesive (Perdigao et al, 2018) 

Figure 10: Shows some resin cements which use EAR system 

Figure 11: Shows the number of clinical steps for EAR and self-etching systems (Sezinando 2014) 

Figure 12: Shows the clinical process of self-etching adhesive system (Perdigao 2007) 

Figure 13: Shows the smear layer and the process of hybridization using self-etching system with different pH 

(Van Landuyt et al, 2005) 

Figure 14: Shows the structure of MDP and the forming of the chemical bond with the calcium in the HAp 

(Mehta et al, 2010)( van Meerbeek et al, 2020) (Han et al , 2020) 

Figure 15: Shows the first self-adhesive resin cement in the dental market, RelyX Unicem 

Figure 16: Shows some light-cure resin cements (eCement®- Bisco), (G-CEM Veneer®- GC) 

Figure 17: Shows some dual-cure resin cements (Panavia®- Kuraray), (Duo-Link®- Bisco) 

Figure 18: Shows gold and metal-ceramic restorations (Donovan 2004)( spea r et ai, 2008) 
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Figure 19: Shows the history of dental ceramic development ( z h a n g e t a i , 2017) 

Figure 20: Shows full ceramic bridge made form lithium disilicate replacing the first premolar (Schneider, 2016) 

Figure 21: Shows schematic representation of three basic classes of dental ceramics according to Kelly (Kelly, 

2008) 

Figure 22: Shows the microstructure of leucite reinforced ceramic and the growth of crystalls within the glass 

(Byeon e t a l , 2018) 

Figure 23: Shows veneers made from feldspathic ceramic (McLaren e ta l ,2 0 1 1 ) 

Figure 24: Shows the slip-casting process (Nautiyai et al, 2015) 

Figure 25: Shows the hot pressing technique (Wange t a i , 2015) 

Figure 26: Shows the ingots of lithium disilicate (IPS e.max Press) 

Figure 27: Shows blocks of IPS e.max CAD 

Figure 28: Shows the microstructures of lithium disilicate glass-ceramics. (A) CAD and (B) Press ( Zhangeta i , 2 0 1 7 ) 

Figure 29: Shows the polymer-infiltrated ceramic (Enamic) 

Figure 30: Shows Lava™ Ultimate Restorative for CEREC®, 3M™ ESPE™ 

Figure 31: Shows the microstructure of polycrystalline ceramic ( D e A z a e ta l , 2 0 0 6 ) 

Figure 32: Shows a FPD in molar region made from zirconia (Partiyan e ta l ,2 0 1 7 ) 

Figure 33: Shows the phases of zirconia crystalls ( B r o g e t a i , 2013) 

Figure 34: Shows some products of flow composite 

Figure 35: Shows different types of composite heaters 

Figure 36: Shows an extracted tooth in formalin solution 

Figure 37: Shows an extracted tooth in the acrylic base before preparation 

Figure 38: Shows the cements used in this study 

Figure 39: Shows the machine used for the standardization process of the smear layer (Saphir 550) 

Figure 40: Shows samples preparation in the Group 1 and the materials used 
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Figure 41: Shows samples preparation in the Group 3&6 and the acid used 

Figure 42: Shows the ceramic sample design as STL file 

Figure 43: Shows the 3D printer Straumann P series Rapidshape and Detax Freeprint resin for the digital 

production of the cast pattern (100% residue-free burning) 

Figure 44: Shows the digital sample design and the resin sample printed out by 3D printer 

Figure 45: Shows the ceramic sample after deflasking 

Figure 46: Shows the etching hydrofluoric acid gel 

Figure 47: Shows the ultrasonic bath 

Figure 48: Shows the silane used to prepare the ceramic surface 

Figure 49: Shows the application of hydrofluoric acid, ultrasonic cleaning with alcohol, and silane application 

to prepare the ceramic surface 

Figure 50: Shows a study sample after the fixation process 

Figure 51: Shows a metallic tool used to create a uniform resin thickness 

Figure 52: Shows the lamp used for light curing the cement after fixation 

Figure 53: Shows the machine used for the tensile test 

Figure 54: Shows the test performed by the Universal Testing Machine (Zwick/Roell, Ulm, Germany) 

Figure 55: Shows the cohesive failure A, and the adhesive failure B 

Figure 56: Shows the SEM microscope used in this study Tescan VEGA3 LMU 

Figure 57: Shows distribution of data in a box chart. The horizontal line in the box represents the median 

value 

Figure 58: Shows the cement/dentin interface under SEM (no-treatment groups) A: Maxcem, B: Relyx 

Figure 59: Shows the cement/dentin interface under SEM (PAA pre-treatment groups) A: Maxcem, B: Relyx 

Figure 60: Shows the cement/dentin interface under SEM (H3P04 pre-treatment groups) A: Maxcem, B: Relyx, 

C: NX3 
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10 LIST OF TABLES 

Table 1: Shows the composit ion, batch number, and manufacturer of materials used 

Table 2: Shows the Mean, Median TBS with (SD) for each luting agent after different dentin 

surface treatments. Upper letters indicate significant differences between the different 

groups {p< 0.05). 

Table 3: Shows the percentage of failure mode: A- adhesive, M- mixed, C- cohesive 
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12 SOUHRN 

Srovnání účinnosti př ípravy dentinu na sílu vazby u dvou samoadhezivn ích 

pryskyř ičných cementu ve srovnání s etch-and-rinse s ys t émem. In 

Vitro studie 

Úvod do problematiky: Je prokázané, že selektivní leptání skloviny zlepšuje pevnost 

spojení některých samoleptacích pryskyřičných cementů. Obdobné tvrzení dosud nebylo 

jednoznačně prokázáno v případě dentinu. 

CÍL Vyhodnotit pevnost v tahu dvou samo-adhesivních pryskyřičných cementů při použití 

různých přípravných schémat povrchu dentinu. Analýza spoje mezi dentinem a použitým 

cementem pod elektronovým mikroskopem. 

Metodika a materiály. Bylo použito 120 extrahovaných třetích molárů. Zuby byly 

rozděleny do sedmi skupin (n = 16). Rozdělení bylo na základě testovaného cementu. 

Maxcem Elite Chromá (MAX) (Kerr, Scafati, Itálie) a RelyX U200 (RLX) (3M ESPE, Neuss, 

Německo). Další skupiny byly vytvořeny na základě způsobu přípravy povrchu dentinu a 

to: bez přípravy, příprava za pomoci kyseliny polyakrylátové nebo kyseliny fosforečné. 

Následovala kontrolní skupina, kde byl použit konvenční cement a standardní příprava 

povrchu dentinu (EAR) (NX3 Nexus (NX3) (Kerr, Scafati, Itálie). Před testováním byly 

všechny vzorky skladované v destilované vodě po dobu 24 hodin. Tři vzorky z každé 

skupiny byly podrobeny analýze za pomoci elektronového mikroskopu (SEM). U 

zbývajících vzorků byl proveden test pevnosti v tahu (TBS). Data byla statisticky 
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analyzována pomocí Kruskal-Wallisova testu a srovnávací Pairwise za použití Wilcoxon 

rank sum testu. 

Výsledky: MAX bez přípravy povrchu dentinu a při leptání kyselinou fosforečnou dosáhl 

statisticky obdobných hodnot vazby jako kontrolní skupina NX3 (P> 0,05). Mezi RLX bez 

předběžného ošetření dentinu (5,62 MPa) a NX3 (10,88 MPa) byl shledán statistický rozdíl 

(P = 0,00488). Při přípravě povrchu dentinu pomoci kyseliny fosforečné se zvyšuje hodnota 

pevnosti vazby RI_X na úroveň srovnatelnou s NX3 (P> 0,05). Nejnižší pevnosti v tahu (TBS) 

byla shledána po aplikaci kyseliny polyakrylové s MAX (1,98 MPa). Nebyly nalezeny žádné 

statistické rozdíly mezi hodnotami vazební síly RLX po ošetření kyselinou polyakrylovou a 

RLX bez předběžného ošetření ve srovnání s NX3 (P> 0,05). Po předchozí přípravě povrchu 

dentinu pomoci kyseliny fosforečné, se ukázala za pomoci elektronového mikroskopu 

(SEM) větší míra infiltrace cementu do dentinových tubulů, a vytvoření takzvaných 

chapadel (resin tags). 

Při selhání spoje, spíše převládalo adhesivní selhání na úrovni dentinu než kohezivníve 

struktuře cementu. 

Závěr: Při cementaci keramické náhrady na dentinový povrch, může být samo-adhesivní 

pryskyřičný cement MAX účinnou alternativou ke konvenčnímu pryskyřičnému cementu. 

Leptání dentinu kyselinou fosforečnou nemá negativní vliv na pevnost vazby MAX na 

dentin. Kyselina fosforečná zlepšila pevnost vazby RLX cementu a dentinu. 
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