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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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MARGINAL FITNESS OF BIOACTIVE BULKFILL RESTORATIONS TO GINGIVAL 
ENAMEL OF CLASS II CAVITIES: AN IN VITRO COMPARATIVE STUDY

Hadeer Sh Ibrahim*, Raghad A Al-Askary.
Department of Conservative Dentistry, College of Dentistry, University of Mosul, Mosul, Iraq.

Abstract.
Objective: This study's goal was to assess the marginal fitness 

for the two bioactive bulkfill restorative materials in Cl. II 
cavities regarding the storage in PBS.

Methods: Twenty-four sound molars with nearly same 
size were placed in PVC tube, showing 3 mm below the 
CEJ; divided into three major groups (n=8) based on type of 
restorative materials. Each tooth exposed to two independed 
MO and DO cavities preparation. After cavities restorations 
and samples thermocycling, each group was further separated 
into two subgroups (n=4); the first subgroup does not undergo 
storage. While the second subgroup was stored for 28 days in 
PBS. After that all teeth samples were sent for FESEM/EDX 
analyses. Statistical analyses were be done using “Two-Way 
ANOVA” and “Duncan's Multiple Range” test to evaluate and 
compare the results at 5% significant level.

Result: According to the study, there was a statistically 
significant difference at (P≤0.05) between the groups in the 
term of gap width formation in µm at the interface between 
restorative materials and gingival enamel margin, group (C1: 
Predicta bioactive non-storage) represent the highest mean of 
gap width (11.76 ± 2.07), while group (A1: Tetric powerFill 
non-storage) represent the lowest mean of gap width (6.08 ± 
1.36).

Conclusion: The marginal adaptation at the interface between 
resin restorative material and gingival enamel margin can be 
affected by the composition and the properties of the restorative 
materials used. The bioactive restorative materials showed 
statistically significant reduction in gaps width after storage in 
PBS for 28 days.

Key words. Predicta bulk bioactive, Cention N, marginal 
fitness, FESEM/EDX.
Introduction.

Over the recent years, the preferred materials for restoring 
not only anterior but also the posterior teeth are direct esthetic 
restorative materials [1]. The main scope of operative dentistry 
is to remove carious lesion and replaced it with restorative 
materials with satisfactory bonding characteristic at the tooth- 
restoration interface to create a high-quality seal [2]. Actually, 
there is a continuous evolution in composite restorations, this 
includes developments in monomers, fillers, photo-initiators 
and even in application techniques [3]. Unfortunately, despite 
this progression a problem such as polymerization shrinkage 
still a challenge for the clinicians [4]. Resin composite 
polymerization shrinkage consider as “inherent property of 
the material” result in problems such as inadequate restoration 
adaptation to tooth structure, marginal gaps, microleakage, 
tooth sensitivity, recurrent caries and even pulp pathosis [5]. 
Shrinkage stress can be affected by many factors, among 
them, the composition of resin matrix, filler content and type, 

the size and geometry of cavity, the application technique, 
and the material characteristic (including the modulus of 
elasticity) [6]. One of the solutions to improve sealing problem 
of the posterior composite resin restoration is the incremental 
technique for restoration application. However, time consuming 
due to multiple steps procedure, voids incorporation and lack 
of adherence between increments develop the necessity for 
another application technique [7,8]. The production of bulk fill 
resin-based materials considers as turning point in restorative 
dentistry. Hence, these materials allow the application of 
4-5 mm as one increment without affecting polymerization 
efficiency, this speed of the restorative procedure and reduce 
complexity [9,10]. Recently, advances in restorative materials 
progressed by developing restorative materials that not only 
replaced missing tooth structure but also inoculation of 
bioactive components that have the ability to re-mineralized 
tooth structure by releasing ions such as “calcium, phosphate 
and fluoride”, thus provide tight seal at the tooth-restoration 
interface and induce apatite formation [11,12]. Nowadays, there 
are many questions about the bioactivity of restorative materials 
and their ability to adequately seal the marginal gaps. Therefore, 
the goals of current study are to measure the marginal fitness 
of two bioactive restorative materials: Cention N (Ivoclar viva-
dent, Liechtenstein) and Predicta bioactive (Parkell, USA) and 
compared with a new type of bulkfill composite which is Tetric 
powerFill (Ivoclar viva-dent, Liechtenstein) before and after the 
storage in phosphate buffered saline (PBS) for 28 days with the 
aid of field emission scanning electron microscope (FESEM) 
and X-ray dispersive energy spectroscopy (EDX). The null 
hypothesis was there is no significant difference in gaps width 
regarding restorative material types and storage period. 
Materials and Methods.

Sample collection and preparation: In this investigation, 
twenty-four human molars extracted for orthodontic purposes 
from patients between the ages of 20 and 30 were utilized. The 
collected teeth with nearly equal size (the bucco-lingual and 
mesio-distal length difference less than 1 mm) were scaled with 
scaler (Woodpecker, Germany) to remove any calculus and 
periodontal tissue appurtenances then the teeth were cleaned 
with eugenol-free pumice (Master-Dent, USA). The chosen teeth 
passed the stereomicroscope (Optika, Italy) 10X magnification 
examination without defects or cracks. The teeth were kept in 
0.1% thymol solution for disinfection for two weeks and then 
kept in distilled water inside a screw-capped glass container 
throughout the collection period, at room temperature, until the 
next step [13].

Cavity preparation and sample grouping: The root apices of 
each tooth was sealed with flowable composite then each tooth 
was mounted in polyvinylchloride tube (PVC) with the aids of 
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was applied using disposable bond brush to the full cavity, 
wiped for 20 seconds. After that, a maximum air pressure 
was applied over the adhesive for approximately 5 seconds to 
entirely vaporize the solvent agent. Then, in accordance with 
the manufacturer's directions, an LED light (Valo, Ultra Dent 
Products Inc., USA) with an output intensity of 1000 mW/cm2 
at 395-480 nm was used to cure the adhesive for 10 seconds. 
To provide the required proximal anatomic contour, polyvinyl 
siloxane matrix (3M ESPE, USA) was used for securing each 
tooth [17,18]. Each bulkfill composite was applied as one 4mm 
increment and restorations were exposed to irradiation for 20 
seconds from the occlusal, buccal, and lingual surfaces, and 
then finished and polished using the (EVE twist system). Then, 
the teeth samples were then kept in the incubator for 24 hours at 
37°C in distilled water.

Thermocycling procedure: All the teeth samples were 
subjected to 1000 thermal cycles between (5-55)°C with a 
dwell period of 30 second [19]. After that the teeth samples in 
subgroup 1 were not stored in PBS and send to FESEM/EDX 
analysis and the teeth samples in subgroup 2 were stored in PBS 
for (28 days) inside the incubator at 37°C and relative humidity 
at 95% then send to FESEM/EDX analysis [20].

Sectioning of the teeth: The teeth samples from each 
subgroup (non-storage and after storage in PBS) are subjected 
to longitudinal sectioning in bucco-lingual direction to the 
surface of acrylic and then each half sectioning horizontally 
below cement-enamel junction from acrylic surface by using 
cutting diamond wheel disc (D&Z, Germany), by this, the 
crown separated from the root completely and also the crown 
separated to mesial and distal halves. Then, the samples were 
cleaned in an ultrasonic water bath for 3 min, in order to remove 
the debris and left to dry for 24 hrs [6].

Preparation of teeth specimens for FESEM/EDX 
evaluation: The teeth specimens were attached to aluminum 
stubs using carbon double-sided tape and thin gold coating was 
sputtered onto the surface. The FESEM (TE SCAN MIRA3, 
France) that was adjusted at 20 kV accelerating voltage and 10 
mA used to evaluate the marginal adaptation at the interface 
between the restorative materials and gingival enamel margin by 

the surveyor in such way that long axis of the tooth parallel to the 
long axis of PVC tube. The occlusal surface of each cusp with 
slight height than other cusps was reduced in order to obtain flat 
enamel surface, this step was necessary to provide a nearly flat 
surface to standardize the position of light curing unit [5,14]. 
Each tooth prepared with two independed Class II proximal 
box cavities (mesially and distally) located 1mm coronal to 
CEJ with mesio-distal width: 1.5 mm, bucco-lingual width: 2 
mm, occluso-gingival: 4mm [15,16], and they were prepared 
utilizing a high-speed, air/water spray and a parallel-sided, (1.2 
mm) diameter diamond fissure bur (Komet, Germany) with 
the aid of modified dental surveyor to standardize the cavity 
preparation. Four cavities were prepared with each new bur 
before it was discarded, and after that, a digital caliper was 
used to check the dimensions of all the cavities. The samples 
were then assigned into three major groups in accordance with 
the restorative materials. (n=8), then each of subgroup was re-
divided into two sub-groups (n=4) according to storage in PBS 
as following: 

Group A1: Teeth samples were restored with Tetric PowerFill 
without storage (non-storage).

Group A2: Teeth samples were restored with Tetric PowerFill 
with storage (storage).

Group B1: Teeth samples were restored with Cention N 
without storage (non-storage).

Group B2: Teeth samples were restored with Cention N with 
storage (storage).

Group C1: Teeth samples were restored with Predicta 
bioactive without storage (non-storage).

Group C2: Teeth samples were restored with Predicta 
bioactive with storage (storage).

The materials used in this study were represented in Table (1).
Cavity restoration: The restorative procedure for each 

group was carried out in accordance with the manufacturer's 
recommendations for their restorative material. Hence for each, 
the cavities received etching, bonding, and restoration. The 
etching step was performed using phosphoric acid 37% N-etch 
placed for (15 sec selective etching technique for enamel) and 
then gently air dried after being washed. Then, G-premio bond 

Materials Composition
Tetric Power Fill
Ivoclar viva-dent 
(Liechtenstein)

Monomer: UDMA, Bis-GMA, Bis-EMA, DCP propoxylated bisphenol A dimethacrylate, AFCT agent (β-allyl sulfone). 
Photoinitiator: CQ/amine + Ivocerin + Lucirin TPO.
Filler: copolymer (Isofiller), Ba-Al-Silicate glass, mixed oxide (SiO2/ZrO2), Ytterbium trifluoride.

Cention N
Ivoclar viva-dent 
(Liechtenstein)

Powder: Isofillers, calicium fluro-Silicate glass, Barium-aluminum-silicate glass, calicium-Barium-aluminium-fluro-Silicate 
glass filler, Ytterbium trifluoride, Pigment, and initiators.
Liquid: PEG-400, DCP, UDMA, Aromatic aliphatic-UDMA, DMA Dimethacrylate, hydroxy peroxide, mint flavor and 
additives.
Photoinitiator: Ivocerin, acyl phosphine oxide.

Predicta bulk
bioactive
Parkell (USA)

Monomer: 2-hydroxy ethyl methacrylate, 4-methyl phenylacrylate,2-propionicacid,2-methyl1,6-hexanedyl ester poly 
(oxy-1,2-ethanediyl), bicyclo (2,2,1) heptane. Initiator: Diphenylphosphine oxide, Di- benzoyl peroxide. Filler: nanofillers, 
titanium dioxide.

G-Premio BOND
GC Corp. (Japan)

10-MDP, MDTP, 4-MET, thiophosphate monomer, dimethacrylate, phosphoric acid ester monomer, silicon dioxide, 
butylated hydroxytoluene, photoinitiator, water and acetone.

N-Etch Vivadent
Ivoclar viva-dent
(Liechtenstein)

37% Phosphoric-acid gel. 

Table 1. Materials and their compositions that used in this investigation.
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calculate the gap width in µm. While the elemental analysis was 
investigated by EDX data to calculate the weight percentages of 
chemical elements at the interface between the tooth specimen 
and restoration [21,22].

Marginal gaps calculation: Gap width is the distance from 
restorative material to gingival enamel at the interface and is 
calculated in µm. Gap width was determined by placing two 
points on each side of the gap (one on the restoration side and the 
other on the gingival enamel of the box cavity) and measuring 
this distance with a software program [23].  

Statistical Analysis: Statistical analysis was calculated using 
“SPSS software” (SPSS version 20, IBM, USA). The results for 
the gap width analyses were analyzed by “two-way analysis of 
variance” (ANOVA) and “Duncan's multiple range” test at 5% 
significant level.
Results.

The FESEM analysis: The FESEM evaluation and the “mean 
and standard deviation” of gaps width in (µm) at restorative 
materials and gingival enamel margin interface for all groups 
are represented in Figure (1) and Table (2) respectively.

For the Tetric powerFill group after storage as shown in 
(Figure 1: A2), the gaps were noticed at the interface with the 
absence of any “crystal-like” structure. While in Cention N and 
Predicta bioactive groups after storage, although the gaps were 

also noticed at the interface, yet at the borders of the gaps, a 
crystal-like structure began to form which indicate apatite layer 
formation as shown in (Figure 1: B2 and C2) respectively.

Two-way “ANOVA” for the effect of restorative material types, 
storage, and their interactions levels on the gap width formation 
at the interface between restorative material and gingival enamel 
margin as shown in Table (3) showed statistically significant 
difference among groups (P≤0.05).

The “Duncan's multiple range test” for the level of restorative 
material types regardless to storage period, and their interaction 
Table (4), showed that the Predicta bulk bioactive group 
represented statistically the highest mean of gap width (9.62 
± 2.81) in comparison to other restorative materials, while the 
Tetric powerFill represented statistically the lowest mean of gap 
width (6.3 ± 1.46).

Figure 1. Representative FESEM images of restorative materials-
gingival enamel margin interface at 500x magnification; Tetric 
powerFill non-storage (A1) and after storage (A2); Cention N non-
storage (B1) and after storage (B2); Predicta bioactive non-storage 
(C1) and after storage (C2).

Groups N Mean ± SD Minimum Maximum
A1: Tetric powerFill
non-storage 8 6.08 ± 1.36 4.33 7.64

A2: Tetric powerFill 
storage 8 6.50 ± 1.61 4.27 9.73

B1: Cention N non- storage 8 9.18 ± 1.02 7.68 10.88
B2: Cention N storage 8 7.66 ± 1.31 6.38 9.82
C1: Predicta bioactive
non-storage 8 11.76 ± 2.07 8.52 14.42

C2: Predicta bioactive 
storage 8 7.49 ± 1.48 5.43 10.10

N: Eight cavities per four teeth in each group.

Table 2. The gaps width at restorative material- gingival enamel 
margin interface for t materials.

Source of Variance df Sum of 
Square

Mean 
Square (F) p 

value
Restorative material 
types 2 91.067 45.533 19.850 0.0001

storage 1 38.443 38.443 16.759 0.0001
Restorative material 
types* storage 2 44.684 22.342 9.740 0.0001

Error 42 96.341 2.294
Total 48 3432.443
Corrected Total 47 270.535

Table 3. The levels of restorative material types, storage period, and 
their interactions.

Restorative material types N Mean ± SD Duncan Grouping
A (Tetric powerFill) 16 6.3 ± 1.46 a
B (Cention N) 16 8.42± 1.38 b
C (Predicta bioactive) 16 9.62 ± 2.81 c
N: Sixteen cavities per eight teeth in each group.

Table 4. Test for the effect of restorative material types upon marginal 
fitness at restorative material-gingival enamel margin.

Storage period N Mean ± SD Duncan Grouping
Non-storage 24 9.01 ± 2.79 b
Storage 24 7.22 ± 1.50 a
N: Twenty-four cavities per twelve teeth in each group.

Table 5. Test for the effect of storage period on gaps width at restorative 
material-gingival enamel margin interface.
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The “Duncan's multiple range” test for the level of storage 
period regardless to restorative material types and their 
interaction Table (5), showed that the groups represented 
statistically the lowest gap width formation (7.22 ± 1.50) after 
storage in comparison to non-storage groups (9.01 ± 2.79).

Duncan's multiple range” test for the interaction of restorative 
materials types with storage period levels as shown in Table (6), 
represented that group (A1: Tetric powerFill + non-storage) and 
group (A2: Tetric powerFill + storage) represented statistically 
the lowest mean of gap width formation (6.08 ± 1.36) and (6.50 ± 
1.61) respectively. Although, group (C2: Predicta bulk bioactive 
+ non-storage) represented statistically the highest mean of gap 
width formation (11.76 ± 2.07) followed by group (B1: Cention 
N + non-storage) which register (9.18 ± 1.02) mean of gap width 
formation in comparison to other group. However, both groups 
shown statistically highly reduction in mean of gap width 
formation after storage in PBS with no statistically significant 
difference between them (p>0.05). Duncan's multiple range test 
for all tested groups are represented as a bar chart in Figure 2.

Figure 2. Bar chart illustrated the mean gap width formation and 
Duncan's multiple range test for all tested groups. A (Tetric powerFill), 
B (Cention N), C (Predicta bioactive).

Table 6. Test for the interaction between restorative material and 
storage period levels on gaps width at restorative material-gingival 
enamel margin interface.

Groups N Mean ± SD Duncan 
Grouping

A1: Tetric powerFill non-storage 8 6.08 ± 1.36 a
A2: Tetric powerFill storage 8 6.50 ± 1.61 a
B1: Cention N non-storage 8 9.18 ± 1.02 c
B2: Cention N storage 8 7.66 ± 1.31 b
C1: Predicta bioactive non-storage 8 11.76 ± 2.07 d
C2: Predicta bioactive storage 8 7.49 ± 1.48 b
N: Eight cavities per four teeth in each group.

Table 7. EDX analysis of Ca, P and Ca/P ratio restorative materials 
after storage in PBS.
Restorative material 
types N Ca element 

analysis
P element 
analysis Ca/p ratio

A (Tetric powerFill) 8 1.87±0.05 0 0
B (Cention N) 8 9.83±0.02 5.31±0.02 1.8±0.005
C (Predicta bioactive) 8 9.81±0.01 5.10±0.01 1.9±0.011
N: Eight cavities per four teeth in each group.

EDX Analysis: The EDX spectra for the elemental analysis 
for composite restorative materials at the interface for the non-
storage and after storage in PBS for 28 days are illustrated in 

Figure (3). As represent for groups (A1: Tetric powerFill + 
non-storage) and (A2: Tetric PowerFill + storage) there was no 
apatite precipitation at the interface since there was no change in 
the elemental analysis between the two groups. While in groups 
(B1: Cention N + non-storage) and (B2: Cention N + storage), 
in addition to groups (C1: Predicta bioactive + non-storage) 
and (C2: Predicta bioactive + storage) since the EDX spectra 
registers the peak of phosphorous (P) element after storage in 
PBS with Ca/P ratio of about (1.8 ± 0.005) for Cention N and 
(1.9 ± 0.011) for Predicta bioactive, this can be indicated the 
precipitation of apatite and confirm the FESEM analysis that 
indicated the gap width reduction of both groups after storage 
in PBS.

The mean values of Ca, P and Ca/P ratio for the restorative 
materials after 28 days storage in PBS represented in Table (7).
Discussion.

Marginal adaptation and microleakage consider as an important 
property to determine the longevity of restorative materials of 
a posterior composite [3]. Although a perfect marginal closure 
is considered difficult to attain, clinicians should target to get 
fitness that are as good as possible [24]. The studies showed that 
a minimum gap width about 30 µm may lead to the development 
of a wall lesion, other studies stated that gap of about 60-70 
µm ended with wall lesion and hence, predispose postoperative 
sensitivity and secondary caries [25-27]. 

The selection of gingival margin of class II box cavity as area 
of investigation based on the fact that the previous study stated 
that the most defect occur in the margin of restoration were 
located gingivally rather than the mesio-oclusal and the disto-
oclusal margins [28,29]. 

Nowadays, the concept of bioactivity in dentistry, is widely 
expanding as the introduction of newer materials that aimed 
not only to replace missing tooth structure but also providing 
biological properties [12].

It’s well known that most of studies on materials bioactivity 
done by preparing discs of materials by using plastic molds 
[12,30,31]. in the current study, the materials were placed in 
natural tooth structure, thus making the conditions with more 
simulation to clinical situation.

The null hypothesis in this investigation was rejected as the 
results showed a statistically significant differences in gaps 
width among the groups regarding the restorative material types 
and storage periods.

Success in restoring a class II cavity lesion, among the 
posterior teeth, depends on the type of dental material utilized 
for the restoration as well as the operator's skill [32]. In this 
research, Tetric powerFill composite was showed the least 
gaps width (with and without storage) among the other tested 
groups. This could be explained by the addition of co-polymers 
(pre-polymerized fillers) to the fillers content, which known as 
a special stress reliever act as “microscopic spring”, allowing 
reliable offsetting and dropping in the stress created during the 
polymerization process, let down the modulus of elasticity to 
about (10Gp) while for standard glass filler is about (71Gp) 
[33,34]. In other hand, the incorporation of, Beta-allyl sulfone, 
which is a chain transfer addition fragmentation agent (AFCT), 
in the growing network lead to modulation of radical chain-
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reaction that is essentially unregulated so that it behaves more 
like a “step-growth polymerization” and produces a more 
homogenized network structure [35,36].

The gaps width for the non-storage groups showed that Cention 
N was higher than Tetric powerFill but lower than Predicta bulk 
bioactive, the reason behind that is the high molecular weight 

monomer "AUDMA" was added to Cention N to diminish 
polymerization shrinkage. Since, "AUDMA" has just two 
methacrylate groups and the long-chain molecule has limited 
mobility, leaving it difficult to bring the methacrylate groups 
into close physical contact. Moreover, Cention N containing 
the hydrophilic “PEG-400DMA” in the liquid portion that may 

Figure 3. The EDX spectra of Tetric powerFill non-storage (A1) and after storage (A2); Cention N non-storage (B1) and after storage (B2); 
Predicta bioactive non-storage (C1) and after storage (C2).
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contribute to increases flowability, thus result in stronger bonds 
[37-39]. Samanta et al., 2017 stated that the less microleakage 
in Cention N when compared with flowable composite resin 
and GIC, this explained by the fact that Cention N containing 
“Isofillers” which act as (micro-spring) that provide a cushion 
which restrict the polymerization shrinkage [40]. 

In the current study, for non-storage groups Predicta bioactive 
show higher gaps width than Tetric powerFill and Cention N, 
the fact that explains this, the low viscosity of Predicta bioactive 
composite (as the Predicta bioactive type used in the current 
study is low viscosity type as claimed by manufacture). Yet, 
the fillers content expected to be low and this polymerization 
shrinkage and its associated stress that may compromise its 
adaptation and sealing of the margins leading to marginal gaps 
and microleakage [4]. Thus, this result come in agree with Han 
et al., 2017 who stated that when comparing the high-viscosity 
bulk-fill and sonic-activated composites with low-viscosity 
bulkfill composites, it was shown that the latter had larger gap 
creation measures [24].

Bioactivity In vitro defined as "the ability of bioactive material 
to form a hydroxyapatite (HA) or apatite-like layer on its 
surface when it come in contact with phosphate containing 
fluids for 28 days". Thus, storage the specimens for 28 days 
was accomplished in this study [20,41]. The PBS was used as 
a physiological like storage solution instead of simulated body 
fluid since it is free from Ca++ ion. It consists of the following 
composition in (Mm): KCl (2.7), NaCl (137), KH2PO4 (1.8), 
Na2HPO4 (10), with (PH=7.4) [12].

After storage for 28 days in PBS, Cention N was showed 
reduction in gaps width but less than Predicta bioactive, this 
may be explained by the fact that in the current study Cention 
N was used in light-curing mode rather than self-curing mode, 
as self-cure polymerization lead to lower degree of conversion 
and subsequently higher solubility and ion release. Indeed, the 
photo-polymerization procedure lead to formation of tightly 
bond matrix with less hydrophilicity, Hence, there is a decline 
in ions releasing capacity [42].

Another possible explanation is that the Cention N in current 
study was applied in combination with bonding agent, according 
to Abdallah., 2022 who study the interaction that happen at the 
interfacial contact between Cention N and tooth structure stated 
that the use of adhesive in combination with Cention N lead to 
insignificant increase in Ca and p ions, this may be due to the 
reduction in the diffusion of these ions into tooth structure by 
forming a hybrid layer which confirmed by SEM image [22,39]

While for Predicta bioactive, the storage result in statistically 
significant reduction in gaps width this may explained considering 
the ability of Predicta bioactive to release calcium and phosphate 
ions that can encourage the remineralization and mineral apatite 
creation at the interface between the tooth and material. In the 
field, such bioactivity can be translated to stronger contacts and 
sealing of margins against infiltration [43]. From other side, the 
Predicta bulk bioactive, one of its compositions as manufacture 
claimed is HEMA, which is hydrophilic monomer with higher 
solubility, this may explained its ability to more ions release and 
more enhancing in its bioactivity [44]. 

The presence of TiO2 in the component of Predicta bioactive 
as claimed by manufacturer and confirmed by EDX analysis, 

may enhance the bioactivity and HA formation of this material. 
Liang et al., 2006 stated that the TiO2 nanocomposites show 
a much higher binding capacity for phosphate groups [45]. 
Indeed, the HA formation is a chemical process that need several 
conditions. Firstly, the negative charge surface (as TiO2 have 
negative charge in high pH), actually the negative charge result 
in Ca ions attraction to the surface with over saturated solution 
which in turn result in, HA development [46]. Secondly, at a PH 
between 4.2 and 12, HA is the utmost constant compound in the 
calcium phosphate system. Hence, the current storage solution 
was PBS of (PH=7.4), for this reason, it was a proper solution 
for apatite precipitation [47,48].

The EDX of Predicta bulk bioactive shows the presence of 
strontium (Sr). It well known that (Sr) used in dental material to 
provide radiopacity, but some studies reported that the combined 
effect of Sr and even low amount of F in bioactive materials 
enhance the apatite precipitation and bioactivity. Indeed, Sr is 
a divalent cation that is located in the same column of calcium 
in the elements periodic. Hence, Strontium possesses chemical 
properties that are somewhat comparable to those of calcium so, 
it can partially replace calcium and be integrated into the crystal 
lattice of hydroxyapatite to produce (Sr-hydroxyapatite), which 
has strong bioactivity and can directly attach to tissue [49,50].  

A study conducted by Odermatt et al., 2020 showed that the 
addition of nano-sized, micro-sized and hybrid bioactive glass 
fillers to composite resin and after immersion in PBS for 28 
days, among other types of fillers, the nano-sized fillers appeared 
to have faster elevation in PH with improving ions release and 
hydroxyl apatite precipitation, this result was expected as the 
nano-sized fillers have about 30 times more specific area for ions 
exchange [12]. Actually, this finding is in accordance with the 
current study as Predicta bioactive composite with nano-sized 
fillers provide more bioactivity when compared to Cention N 
with micro-sized fillers.

A study provides by Jefferies et al., 2015 indicated that each 
bioactive substance has a unique rate of apatite precipitation, they 
found in their study that the time needed for apatite formation to 
complete closure the artificial marginal gaps is about 8 months 
in calcium based bioactive cement after immersion in PBS [51]. 
Hence, the storage period in current study may consider short 
for complete gaps closure. 

The Predicta bioactive composite, a novel material with 
unknown physical and chemical properties, is the limitation 
of the current in vitro study; therefore, additional research is 
required.
Conclusion.

With the limitation of current study, It is possible to deduce 
that marginal fitness can be influenced by various restorative 
material types that were used. The Tetric powerFill composite 
(non-storage) represented statistically the lowest gap width 
formation, while the Predicta bioactive (non-storage) 
represented statistically the highest gap width formation. 
Bioactive restorative materials showed statistically significant 
reduction in gaps width after storage in PBS. Both Cention N 
and Predicta bioactive are promising bioactive restorations with 
potential clinical benefits.
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