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Abstracts: Objective: This study aims to assess the clinical performance of Bis-GMA free resin composites (RCs) in
comparison with Bis-GMA based resin composites as posterior restorations during 1,3,6,9, and 12 months, using a split-
mouth, double-blinded randomized design. Methods and Materials: The study included 20 participants who received a pair
of class | or Il bulk-fill composite restorations. One side of the mouth was filled with Bis-GMA free RC (Admira Fusion x-
tra), while the other side received Bis-GMA based RC (X-tra fil). Restoration placement was done by a single operator
following the manufacturer's guidelines and was finished and polished immediately following placement. Modified United
States Public Health Services (USPHS) criteria have been adopted for restoration assessment at baseline (1 week), 1, 3,
6, 9, and 12 months. The statistical analysis was accomplished utilizing Wilcoxon tests, with a 0.05 significance level.
Results: After 12 months, all patients attended the recall visits with a 100% recall rate. The Wilcoxon signed rank tests
revealed insignificant differences between both groups (p<0.05) for all USPHS parameters. The two studied materials
showed a decline from 100% clinically excellent scores, with a few recordings of clinically good scores at 12 months.
However, most restorations maintained clinical Alpha and Bravo score throughout the 12-month period. Conclusions: The
Bis-GMA-free RCs' clinical performance was comparable to that of Bis-GMA-based RCs in posterior permanent teeth
restorations after 12 months. These findings suggest that Bis-GMA-free RCs can be considered a viable alternative to Bis-
GMA-based RCs in clinical practice.
Keywords: Bis-GMA Free Composite, Bis-GMA Based Composite, Ryge's Criteria (USPHS), Clinical Resin

Composite Evaluation, Randomized Control Trial.

1. INTRODUCTION

During the latest decades, resin composites have emerged as a viable alternative to dental amalgam, showing
great potential. Along with being cost-effective and aesthetically pleasing, composite restorations require minimal
preparation and help preserve tooth structure. Furthermore, they exhibit favorable clinical outcomes when used to
restore posterior teeth [1]. Reviewing relevant literature indicates that the resin composite restoration lifespan in
posterior teeth can be reliably anticipated [2].

Dental resins are formulated with a specific monomer composition tailored to their intended use [3]. Typically, this
composition consists of one or more monomers, with Bis-GMA being the most commonly used since its
development by Bowen in 1956 [4]. Bisphenol A (BPA), one of the unreacted monomers released, is relevant in the
present research because it acts as an endocrine disruptor for several metabolic pathways, even at lowered doses
[5]. However, using diluent monomers in composites has been shown to increase polymerization shrinkage and
water sorption [6]. Additionally, the presence of unreacted monomers in the cured material can make it more toxic to
pulp cells that come into contact with it [7]. To address these issues, recent developments in resin composites have
been geared towards reducing polymerization shrinkage stress by modifying the polymer matrix [8].

Free methacrylate composite resins have emerged as a result of these undesirable consequences because they
don't contain typical methacrylates in their makeup. Bis-GMA substitutional monomer compositions have been
created as a remedy to increase durability and biocompatibility. One option is to employ an inorganic-organic co-
polymer-based dental composite material called Organic Modified Ceramic (Ormocer) [9]. Due to the lack of
monomers, the contraction during polymerization may be kept to about 1%. Additionally, it improves biocompatibility,
guarding against potentially harmful effects [10].

While laboratory investigations are important for assessing restorative materials, clinical studies are extremely
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crucial to appraise their performances [11], as factors such as humidity fluctuations, temperature changes,
mastication forces, and salivary enzymes can affect the material's overall performance [12]. Therefore, the current
study aimed to offer additional data in this area by comparing and evaluating the clinical performance of Bis-GMA-
free RCs to that of Bis-GMA-based RCs in restoring permanent posterior teeth over a 12-month period. The
formulated null hypothesis was that there is no significant difference in the clinical performance of Bis-GMA-free
RCs in comparison with Bis-GMA-based RCs in a 12-month period in class | and Il restorations.

2. MATERIEL AND METHODS

2. 1. Restorative Materials

A nanohybrid bulk fill RC (Admira fusion x-tra) and packable multi-hybrid bulk fill RC (x-tra fil) with a single
bond universal adhesive (Futurabond M*" were utilized in the present study and applied according to the
manufacturer’s instructions. The two restorative materials and the bonding agent that were examined, along with
their brand names, compositions, manufacturers, and specifications, are presented in Table 1.

Table 1 Materials used in the study, their specifications, chemical composition, and manufacturers.

Material Specification Composition Manufacturer Lot Number
Packable bulk-fill posterior | Matrix:  Bis-GMA", aliphatic di- 2046140
composite, Universal shade methacrylate

x-tra fil Filler: Inorganic Multi-hybrid filler

(not defined by the manufacturer)

Filler content %: 86 (w/w) VOCO,
Cuxhaven,
Germany

service@voco.de

Nano-hybrid ORMOCER® | Matrix: ORMOCER®" 1942580
Admira Fusion | bulk-fill composite, Universal | Filler: glass ceramics, silica
x-tra shade nanoparticles, pigments

Filler content %: 84 (w/w)

Universal adhesive system (All | HEMA™; Bis-GMA; ethanol; Acidic 1929088
Futurabond® in one) adhesive  Monomer; UDMA™;
M+ pyrogenic silicic acids
* Bisphenol A-glycidyl methacrylate. **Qrganically modified ceramics. ***2-Hydroyethyl methacrylate. ****Urethane di-

methacrylate.
2.2. Ethical Approval and Protocol Registration

The study proposal for this research was granted approval by the Institutional Review Boards/Ethical Committee
(IRBs/ECs) at the Faculty of Dentistry-Minia University, with a serial number of 419. Additionally, registration in the
Clinical Trials Registry was completed for this study on 29/07/2022 under the identifier NCT03692286.

2.3. Patient Selection

The present study recruited 20 adult patients who were receiving dental care at the Operative Department Clinic
in the Faculty of Dentistry at Minia University. These patients required a pair of comparable Class | or Il restorations
and were invited to take part in the study. Prior to participation, the patients were explained the study requirements
and purpose and requested to provide their consent by signing a form.

2.4. Study Design

This study's experimental design was consistent with the recommendations of the Consolidated Standards of
Reporting Trials statement (CONSORT) [13] Figure 2. A randomized clinical trial was utilized for this study, with a

2813



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 2812-2826

double-blind approach for both patients and examiners. The experimental protocol included the use of the split-
mouth design.

2.5. Sample Size Calculation

The study's sample size determination was accomplished depending upon previous sample size calculations
from a study [14] with similar designs that evaluated posterior restorations. Using data from previous investigations,
a power analysis was performed, which determined that a 16-per-group sample size is necessitated to achieve an
alpha score of 5% and a power of 80%. To account for any potential dropouts, 20 restorations were enrolled in each
of the two groups. Previous studies have shown that significant differences between material groups can be
detected using similarly designed intraindividual comparison evaluations [14, 15].

2.6. Eligibility Criteria

The present study was conducted on 20 patients: 12 females (60%) and eight males (40%). There was nho
statistically significant difference between teeth as well as class distributions in the two groups. Patients from 18 to
40 had to fulfil specific inclusion criteria to be eligible, such as having two permanent posterior teeth needing
restorations, with the antagonist and opposing teeth in contact, a healthy pulp, and no prior experiences of
sensitivity or pain in the affected teeth. Additionally, patients needed to have satisfactory oral health status, and the
two restorative materials should be used in similarly sized lesions or within the same extension. To be included in
the study, teeth had to pass an electric pulp testing and have normal occlusion and complete contact with opposing
natural teeth without restorations. Additionally, third molars were not considered for the study. Cases who were at
high risk for caries, had extremely poor oral hygiene, were undergoing periodontal surgery or orthodontic treatment,
had periodontal disease (chronic periodontitis) or abutments, wear facets on teeth, clenching, and heavy bruxism
habits were omitted. Table 2 exhibits the data regarding the characteristics of patients and restored cavities.

Table 2: Frequencies (n), percentages and results of Wilcoxon signed-rank test for comparisons of demographic data in
the two groups.

Admira Fusion x-tra X-tra Fil
(n=20) (n=20) P-value
n % n %
Tooth
Mandibular premolars 1 5 1 5
Mandibular molars 10 50 9 45
- 0.750
Maxillary premolars 3 15 3 15
Maxillary molars 6 30 7 35
Class
Class | 15 75 14 70
Class Il 5 25 6 30 0.655

*: Significant at P < 0.05

2814



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 2812-2826

Assessed for ehadbility (a=46)

“x clheded (n=6)
O Not meetmz mchsion crfena (u=6)
O Declmed to participate (n=0)

0 Other reasons (= 0)

Rassdoan ized (0=40)

| L .

Allocated to Bu-GMA based composite | Allocated to Bis- GMA free composite

(n=20) (=20)

O Recerved allocated mierventson (2=20) O Received allocated mtervention (15=20)

0 Did not allocated atervention (2 R

Did ot receive allocaled intervention (give O Did not recerve allocated mtervention
reasons) in=0)
(2ive reasons) (1¥=0)

Lost to follow-ap (2ne reasons ) (n= 0) Lost to follow-up (2rve reasons) (w= 0)

Ducontined mtervestion {Live reasons) (0~ Dicontmmed mtervention (21ve reasons ) (n= ()

0)
Lost to follow-up (2ive reasons) (n=0) Lost to follow-up (2ive reasons) (n= 0)
Discontmued mtervention (2ive reasons) Discontmued mtervention (21ve reasons)
n=0 (=0

l ‘l i i
Lost to follow-up (zrve reasony) (n= 0) Lost to follovw-up (2rve reasons ) (= 0)
Discontmued mierventson {gre reasons ) (n= Discontisned mtervention (2ee reasons) (0=
o) o)
| } l

Lost to follow-up (2rve reasons) (n=0) Lost to follow-up (zive reasons) (n= 0)
Discontmmsed mtervention (21ve reasons) Discontmned mtervention (2ive reasons)

n=0) =)

Figure 2. Flowchart of the current investigation (Consolidated Standards of Reporting Trials [CONSORT] 2010).
2.7. Random Sequence Generation and Allocation Concealment

In this study, all patients received a pair of class | or Il posterior restorations, one Bis-GMA free RC and one Bis-
GMA based RC restoration, each placed on a different side of the mouth. This design is known as a split-mouth
design. The placement of the restorations was randomly determined for each pair (20 pairs) utilizing online software
(www.randamization.com). A list of participants was created, and a randomization code was established based on
the two treatment options (free and containing). In addition, the cavities in each pair were matched in terms of size
and location. Nevertheless, the patients remained unaware of their assigned treatment throughout the study. To
maintain the patients' blindness to their treatment allocation, an uninvolved staff member prepared the envelopes.

2.9. Clinical Procedures

A single skilled operator accomplished the preparation, restoration, and finishing of 40 class | and Il bulk fill
RC restorations, utilizing either Bis-GMA free or Bis-GMA-based materials and employing an adhesive cavity
design. Prior to the restorative procedures, patients received local anesthesia to minimize discomfort. A rubber dam
was applied with strong suction to isolate the operative field. The cavities were prepared using high-speed fissure
carbide burs and round diamond stones (Komet, Brasseler GmbH Co. KG, Lemgo, Germany) with water cooling.
Any remaining caries were removed using tungsten carbide round burs (Komet, Brasseler GmbH Co. KG) at a low
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speed, along with sharp excavators. All preparations received the application of the universal adhesive Futurabond
M* (Voco), according to manufacturer’s instructions. adhesive was applied using a disposable brush, and the area
was scrubbed for 20 seconds. After that, the adhesive was air-dried for 3-5 seconds, and light-curing was then
performed for 10 seconds with a halogen light-curing unit (Astralis 5, Ivoclar Vivadent) according to the
manufacturer’s recommendation. For class Il cavities, a wooden wedge (Unimatrix System, TDV, Pomerode, SC,
Brazil) and a separation ring, a metallic sectional matrix (Palodent, Dentsply DeTrey), were used during the
restoration procedures in order to re-establish the anatomical shape and proximal contacts of the teeth. A single
bulk increment of universal shade was applied. The composite was shaped, and light cured for 20 s. (Radii Plus,
SDI, Australia) with an output intensity of 1500 mW/cm?. To ensure appropriate occlusal morphology and contact,
articulating paper (Bausch, Nashua, NH, USA) was utilized, while interproximal radiographs and dental floss were
utilized to assess the quality of the cervical adaptation and interproximal contacts. The polishing process was carried
out immediately utilizing Soflex discs (3M ESPE) in the suggested sequence (coarse, medium, fine, and superfine)
with water as a coolant to acquire a smooth surface.

2.10. Blinding

This study is double-blind, where the examiners were uninvolved in the clinical procedure and the participants
were unaware of the applied treatment. Double-blind studies are essential in reducing bias and increasing the
credibility of research findings.

2.11. Clinical Evaluation

Throughout the follow-up period, restorations were appraised for anatomical form, marginal discoloration,
marginal adaptation, surface roughness, color match, and secondary caries, utilizing slightly modified USPHS
criteria based on van Dijken's 1986 study. Assessments were performed at baseline (after 1 week), as well as 1, 3,
6, 9, and 12 months after the procedure [14]. Assessment score of "Alpha" for the best clinical instance, "Bravo" for
clinically acceptable, "Charlie" for clinically unacceptable and requiring repair, or "Delta" for restorations that are
missing, mobile, or broken, and need to be immediately replaced.

Additionally, postoperative sensitivity was evaluated for each restoration by directing a compressed air stream
towards the restoration for 3 seconds from a 2-3 cm distance and running a probe over the surface of the restored
tooth. The occurrence of opacity, softness, or white patches in regions where the explorer becomes caught or is
difficult to remove following insertion was considered an indication of secondary caries. Bitewing radiographs
(Kodak, Rochester, NY, USA) were obtained at every follow-up appointment. The parameters that required clinical
visibility were evaluated using a magnifying dental loupe with a magnification of4.3x and a working distance of 40
cm (EyeMag Pro F, Carl Ziess Meditec Ag, Germany) with a powerful illumination intensity from a light source
attached to the loupe (EyeMag Light II, Carl Ziess Meditec Ag) was used to assess the restoration.

Two independent examiners were trained to use the USPHS criteria for assessment. Each examiner evaluated
the restorations independently before comparing their scores. If there was a difference in opinion, a third
assessment was conducted, and the score was determined by consensus.

Clinical intraoral pictures were obtained at each follow-up appointment, and a standardized case report was
utilized to record the USPHS parameters for each patient during the evaluation procedures. Clinical failures were
defined as severe marginal weaknesses, retention loss, discoloration requiring replacement or repair, and caries
along the edges of the restorations.

2.12. Statistically analysis

In this study, data tabulation, coding, and analysis were accomplished utilizing the Statistical Package for Social
Science (SPSS version 26.0, IBM, Armonk, NY, USA). The Friedman test was employed to compare intragroup
differences between baseline and other periods, while the Wilcoxon signed-rank test was employed to compare the
two groups in each period. All criteria were evaluated using a significance level of 5%. The distribution of data was
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inspected to assess the normality of the numerical data, and normality tests, such as the Shapiro-Wilk and
Kolmogorov-Smirnov tests, were used.

3. RESULTS

The restorative procedures were executed precisely as intended, without any additional alterations. Table 3 and 4
summarizes the outcomes of this study. All participants attended every follow-up visit at 1-, 3-, 6-, 9-, and 12
months, giving a 100.0% recall rate.

For retention scores, marginal discoloration, and recurrent caries at baseline and after one month, the
restorations in both groups received (Alpha) scores. After three, six, nine, and 12 months, few restorations showed
bravo scores with a lack of statistically significant differences among both groups.

For the color match criterion, the restorations in both groups received (Alpha) scores at baseline. After one, three,
six, nine, and 12 months, slight differences were observed in three restorations in both materials. The observed
shade discrepancies were clinically acceptable (Bravo), with no significant differences existing among the studied
materials (P < 0.05). No statistically significant differences were detected among both groups. While in Bis-GMA-
containing composite group; there was a statistically significant change in color match scores by time. There was an
increase in prevalence of (Bravo) scores after one month and no change was observed from one to three, three to
six, six to nine as well as nine to 12 months.

For marginal adaptation, all restorations in both groups received (Alpha) scores at baseline. No statistically
significant differences were detected among both groups after one, three, six, nine, and 12 months. Marginal defects
were observed in the enamel margin of the restorations, which were small V-shaped defects. These defects were
recorded after one month for the bis-GMA-containing restoration and after three months for the two bis-GMA-free
restorations.

For postoperative hypersensitivity and contact scores, the restorations in both groups had (Alpha) scores at
baseline. The two groups revealed no statistically significant differences after one, three, six, nine, and 12 months.
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Table 3: Descriptive statistics and results of Wilcoxon signed-rank test for comparison between retention, contact,
color match, marginal discoloration, marginal adaptation, secondary caries, and postoperative hypersensitivity scores
in the two groups.

Recall time (months) o |1 ] 3][e6]ofJr]o]1]3]e]9|12]o0o]1]3]6]o9]1
Restorative system Alpha Bravo Charlie
Retention scores
BIS-GMA-free n| 20 | 20 | 19 | 19 | 19 | 19 | © 0 1 0 0 0 0 0 0 1 1 1
composite (0=20) o4 [ 100 | 200 | 95 | 95 | 95 | 95 | o 0 5 0 0 0 0 0 0 5 5 5
BIS-GMA-containing |n| 20 | 20 | 19 | 19 | 19 | 19 | © 0 1 1 1 1 0 0 0 0 0 0
composite (0=20) o4 100 | 200 | 95 | 95 | 95 | 95 | o 0 5 5 | 5 5 0 0 0 0 0 0
P-value 1 1 1 |0.655|0.655(0.655| 1 1 1 |0.655|0.655/0.655| 1 1 1 |0.655]0.655 | 0.655
Color match scores
BIS-GMA-free n| 19 | 18 | 18 | 17 | 17 | 17 1 2 2 3 3 3 0 0 0 0 0 0
composite (n=20)  fo5] o5 [ 90 | 90 | 85 | 85 | 85 | 5 | 10 | 10 | 15 | 15 | 15 | 0 | o 0 0 0 0
BIS-GMA-containing | n| 20 17 17 17 17 17 0 3 3 3 3 3 0 0 0 0 0 0
composite (N=20) o4 100 | 85 | 85 | 85 | 85 | 85 | 0 | 15 | 15 | 15 | 15 | 15 | 0 | o© 0 0 0 0
P-value 0.317| 1 |o564| 1 1 1 |0317| 1 |o564| 1 1 1 (0317 1 |o0564| 1 1 1
Marginal discoloration scores
BIS-GMA-free n| 20 | 20 | 20 | 20| 19 | 19 | © 0 0 0 1 1 0 0 0 0 0 0
Co('r"":p;g)“e %| 100 | 100 | 100 | 100 | 95 | 95 0 0 0 0 5 5 0 0 0 0 0 0
BIS-GMA-containing | n| 20 20 19 19 19 19 0 0 1 1 1 1 0 0 0 0 0 0
composite (N=20) o4 100 [ 1200 | 95 | 95 | 95 | 95 | o | 0 | 5 | 5 | 5 | 5 0 0 0 0
P-value 1 1 [0317(0317| 1 1 1 1 |0.317|0.317| 1 1 1 1 |0.317]0317| 1 1
Marginal adaptation scores
BIS-GMA-free n| 20 | 20 | 18 | 18 | 18 | 18 | © 0 2 2 2 2 0 0 0 0 0 0
Co(rfgg)“e %| 100 | 100 | 90 | 90 | 90 | 90 0 0 10 | 10 | 10 | 10 0 0 0 0 0 0
BIS-GMA-containing | n| 20 19 19 19 19 19 0 1 1 1 1 1 0 0 0 0 0 0
composite (n=20) o[ 100 | 95 | 95 | 95 | 95 | 95 | 0 | 5 | 5 | 5 | 5 | 5 0 0 0 0 0
P-value 1 |0.317|0.564|0.564|0.564|0.564| 1 |0.317|0.564|0.564|0.564|0.564| 1 |0.317|0.564|0.564 |0.564 |0.564
Secondary caries scores
BIS-GMA-free n| 20 | 20 | 19 | 19 | 19 | 19 | © 0 0 0 0 0 0 0 1 1 1 1
Co(rfgg)“e %| 100 | 100 | 95 | 95 | 95 | 95 0 0 0 0 0 0 0 0 5 5 5 5
BIS-GMA-containing |n| 20 | 20 | 20 | 20 | 20 | 20 | © 0 0 0 0 0 0 0 0 0 0 0
composite (N=20) (o4 100 | 1200 | 200 | 200 | 200 [ 100 | 0 | 0 | o | o | o | o 0 0 0 0
P-value 1 1 |0.317(0.317|0.317|0.317| 1 1 |0.317/0.317(0.317(0.317| 1 1 |0.317]0.317|0.317|0.317
Post-operative sensitivity scores
BIS-GMA-free n| 20 | 20 | 18 | 19 | 19 | 19 | © 0 1 1 1 1 0 0 1 0 0 0
Co(r:fgg)“e %| 100 | 100 | 90 | 95 | 95 | 95 0 0 5 5 5 5 0 0 5 0 0 0
BIS-GMA-containing |n| 20 | 19 | 19 | 20 | 20 | 20 | © 1 1 0 0 0 0 0 0 0 0 0
composite (0=20)  To4| 100 | 95 | 95 | 100 | 200 | 100 | © 5 5 0 0 0 0 0 0 0 0 0
P-value 1 |0.317|0.414|0.317|0.317(0.317 0.3170.414|0.317|0.317[0.317| 1 |0.317|0.414|0.317|0.3170.317
Contact scores
BIS-GMA-free n| 20 | 19 | 19 | 19 | 19 | 19 | © 1 1 1 1 1 0 0 0 0 0 0
composite (0=20)  Toq| 100 | 95 | 95 | 95 | 95 | 95 | o 5 5 5 5 5 0 0 0 0 0 0
BIS-GMA-containing | n| 20 19 18 19 19 19 0 1 1 1 1 1 0 0 1 0 0 0
composite (0=20) o4 100 | 95 | 90 | 95 | 95 | 95 | o 5 5 5 5 5 0 0 5 0 0 0
P-value 1 1 |0.414| 1 1 1 1 1 |0414| 1 1 1 1 1 |0414] 1 1 1
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Table 4: Descriptive statistics and results of Friedman’s test for comparison between retention, contact, color match,
marginal discoloration, marginal adaptation, secondary caries, and postoperative hypersensitivity scores at different
follow up periods within each group.

Recall time (months) 0 1 3 6 9 12 1 3 6 9 12 3 6 12 ©
©
Restorative system Alpha Bravo Charlie >
Retention scores
BIS-GMA-free composite n|20 |20 | 19| 19| 19 | 19 0 0 0 0 0 1 1 1
(n=20) % | 100|100| 95 | 95 | 95 | 95 olo|lo|lo|o 5 | 5 5 | o
<
BIS-GMA-containing n|{20 (20| 19|19 | 19 | 19 0 0 1 1 1 1 0 0 ©
composite
(n=20) % | 100 [100| 95 | 95 | 95 | 95 0 0 5 5 5 5 0 0
Color match scores
BIS-GMA-free composite n|19 |18 | 18 | 17 | 17 | 17 2 2 3 3 3 0 0 0 %
(n=20) % | 95|90 | 90 | 85| 85| 85 10101515/ 15 0| o 0| o
BIS-GMA-containing n| 20 |17 { 17| 3 3 3 3 3 3 3 3 0 0 0 &
composite @
(n=20) % |100| 85 | 85 | 15 | 15 | 15 15 15 | 15 | 15 | 15 0 0 0 o
Marginal discoloration scores
BIS-GMA-free composite n|20 20|20 | 20 | 19 | 19
(n=20) % | 100 | 100 | 100|100 95 | 95 5 o
BIS-GMA-containing n|20 |20 (19| 19|19 | 19 ZE
composite
(n=20) % | 100 [100| 95 | 95 | 95 | 95 0 5 5 5 5 0 0 0
Marginal adaptation scores
BIS-GMA-free Composite n 20 20 18 18 18 18 0 2 2 2 2 0 0 0 m
= S
(n=20) % |100]100| 90 | 90 | 90 | 90 010|120 10]10 0| o 0| o
BIS-GMA-containing n|{20 (19|19 |19 | 19 | 19 1 1 1 1 1 0 0 0 ©
composite ;f
(n=20) % 100 | 95 | 95 | 95 | 95 | 95 5 5 5 5 5 0 0 0 ©
Secondary caries scores
BIS-GMA-free composite n|20|20|19 |19 | 19 | 19 g
(n=20) % | 100 | 100| 95 | 95 | 95 | 95 S
BIS-GMA-containing n|20 |20 | 20| 20 | 20 | 20
composite !
(n=20) % | 100 | 100 | 100 | 100 | 100 | 100 0 0 0 0 0 0 0 0
Post-operative sensitivity scores
BIS-GMA-free composite n|{20 (20|18 |19 | 19 | 19 1 5
(n=20) % | 100 | 100| 90 | 95 | 95 | 95 S
BIS-GMA-containing n|{20 (19|19 |20 |20 | 20 ©
composite Ef
(n=20) % | 100 | 95 | 95 | 100 | 100 | 100 5 5 0 0 0 0 0 0 ©
Contact scores
BIS-GMA-free composite n|{20 (19|19 (19 |19 | 19 1 g
(n=20) % | 100] 95 | 95 | 95 | 95 | 95 5 5 5 S
BIS-GMA-containing n|{20 (19|18 |19 |19 | 19 o
composite A
(n=20) % 100 | 95 | 90 | 95 | 95 | 95 5 5 5 5 5 5 0 0 ©
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4. DISCUSSION

Restorative materials underwent constantly changing conditions of the oral cavity to evaluate the restorative
materials accurately. The clinical assessment necessitates consistent, applicable, and objective criteria [16—18]. So,
our study used the split-mouth design to evaluate their performance.

The quality of the composite restoration is appraised utilizing the USPHS (or Ryge) Criteria, a set of clinical
parameters established by Gunnar Ryge [19]. These criteria were modified from the USPHS criteria [20].
Nevertheless, this assessment procedure was established to distinguish between acceptable (yes/no) outcomes
rather than measuring the success degree.

Conventional monomers, such as Bis-GMA, TEGDMA, and UDMA, may negatively affect pulpal cells [21-24].
Studies have shown that Ormocer-based resin is much-decreased cytotoxicity compared to di-methacrylate
composites. The presence of numerous polymerizable units within the Ormocer molecule reduces the amount of
leachable and uncured monomers. This is due to the numerous crosslinkers formed by Ormocer molecules, which
contribute to their improved biocompatibility [25, 26]. Using low-stress and low-shrinkage Ormocer composite may
offer an effective marginal sealing. Research indicates that higher shrinkage stress can lead to wider and more
numerous marginal gaps, which may result in poor marginal sealing. In vitro, studies have shown that Ormocer has
reduced volumetric polymerization shrinkage, considerably reducing cuspal deflection in mesio-occlusal-distal
cavities within upper premolar teeth [27, 28].

To achieve adequate light penetration and reduce shrinkage stress, incremental placement techniques have
been traditionally used by general practitioners. This process involves placing 2 mm increments of composite
material, which are then cured separately with light [29]. However, this process can consume additional time,
increase the contamination risk, and result in voids within the restoration. Whereas inferior adaptation may lead to
secondary caries, debonding, microleakage, and postoperative sensitivity, adhesive dental medicine aims to achieve
a tight interfacial adaptation. To ensure optimal adaptation, bulk-fill resin composites were utilized in our study and
were applied using the technique recommended by the manufacturers and laboratory studies [30, 31]. This involved
placing a single increment of bulk-fill composite material with a regular thickness [32].

Due to their stress-relieving monomers and lowered polymerization shrinkage, bulk-fill resin composites are
applicable in thick increments (up to 4 mm). Our study found no significant differences between both bulk-fill
composite types for any of the parameters studied across various periods, and therefore, we accept the null
hypothesis. Nevertheless, the increased success rate documented in this study may be attributed to the fact that the
restorations were accomplished via an experienced clinician in ideal clinical conditions and the careful selection of
teeth based on specific inclusion and exclusion criteria.

Most scores for both restorative materials utilized in the current study were within the Alpha to Bravo range,
which is considered acceptable. Based on the acceptance criteria of the American Dental Association (ADA) [33],
the restorations failure rate should be less than 5% at two years in order to be considered clinically acceptable.
Based on this criterion, both ormocer and micro-hybrid restorations utilized in this study were considered
acceptable. These findings contrasted with Oberlander et al. [34], who reported the failure of ormocer to meet the
ADA acceptance standards for restorative materials.

Rosin et al. [35] found that ormocer restorations exhibited excellent marginal integrity after six months of clinical
use. Similarly, Bottenberg et al. [36] indicated that the performance of ormocer-based composite materials
resembled that of conventional bisphenol A diglycidyl ether dimethacrylate-based composites in occlusal stress-
bearing cavities, which accords with our findings.
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After a 12-month follow-up, no substantial differences occurred regarding the overall effect of marginal
adaptation between conventional restorations and composites containing a modified monomer. Marginal adaptation
may be influenced by various aspects linked to restorative procedures, composite characteristics, and operator
skills. Some authors have suggested that the resin composite kind and viscosity can affect the gap between the
restoration and the tooth [37, 38]. Marginal adaptation can also be influenced by the insertion technique along with
the finishing and polishing procedures [39, 40].

Efes et al. [41] clinically evaluated Ormocer-based composite restorations, with and without lining with flowable
composite. They reported that the two restorative materials demonstrated ideal clinical outcomes and did not result
in postoperative sensitivity or secondary caries. In the current investigation, only a single instance of secondary
caries was detected at the 6-month recall in the Bis-GMA-free (Ormocer-based) group. Evaluation at the 12-month
follow-up revealed that irrespective of the restorative material used, most restorations exhibited no secondary caries.
In the case where secondary caries were present, no considerable differences were detected between the Bis-GMA-
free and Bis-GMA-based composites, and no significant differences existed among the two groups.

Similarly, Ernst et al. [42] reported no cases of secondary caries in their two-year study. However, it should be
noted that a one-year evaluation is insufficient to detect the development of secondary caries, which typically occurs
after 4-6 years of intra-oral aging, as revealed in previous longer-term follow-up studies [43].

In contrast to an earlier study that utilized cotton rolls and suction devices for operative field isolation, the
present study and the study by Ernst et al. [42] employed rubber dam isolation after applying the matrix system. The
latter two studies indicated no considerable differences in the annual failure rate among restorative materials, which
approves the earlier study's findings of insignificant clinical differences [44].

The secondary caries development around dental restorations is a major cause of resin composite restoration
failure, and the method for controlling or preventing caries in these areas is still under discussion [45]. Although the
choice of restorative material may influence secondary caries development, individual factors may also be involved.
Additionally, the type and location of the cavity can affect secondary caries development, making this condition
multifactorial [29].

At the one-year evaluation, both restorative materials showed good color stability, with only three cases in each
group receiving Bravo scores, which were not significantly different. However, it may be desirable to have a slight
color mismatch in tooth-colored restorations in posterior teeth to avoid damage to the adjacent enamel during
finishing.

Regarding marginal discoloration, most scores were Alpha, with only Bis-GMA-free and methacrylate-based
restorative materials receiving Bravo scores at the one-year examination. The discoloration observed in all cases
was found at the enamel margin and was considered clinically acceptable. The patient's food choices
and smoking habits may have influenced this discoloration [46].

Various factors can contribute to marginal discoloration, including the adhesive system used, smoking, and
consuming heavily pigmented beverages [47—-49]. Poor marginal adaptation and excessive placement of restorative
material can also promote marginal discoloration [50]. Although all restorations in the studies included underwent
finishing and polishing procedures, patient habits concerning food and drink consumption and smoking was not
reported, making assessment difficult. However, marginal discoloration did not have a significant relationship with
caries, and it could often be resolved with re-polishing [51, 52].

The degree of polymerization shrinkage exhibited by resin composites has a direct relation to restoration

retention, which is a critical aspect in the success of dental restorations [53]. The resin composite's shrinkage occurs
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as it bonds to the dental cavity walls, resulting in the development of stresses that can cause loss of marginal
adaptation and failure of restoration retention [48]. Furthermore, polymerization shrinkage stress can also cause
postoperative sensitivity of resin composites [54, 55]. However, sensitivity is frequently associated with bacterial
infiltration and other irritants across restoration edges that reach the pulp [55]. Most of the studies did not report
instances of postoperative sensitivity during the 12-month follow-up assessments. Of the studies that did not report
cases of postoperative sensitivity, Bottenberg et al. [36] showed the worst results. Bottenberg et al.'s study involved
using glass ionomer cement to line deep cavities, and the polymerization time adhered to the manufacturer's
recommendations of 40 to 60 seconds. Other studies that assessed postoperative sensitivity at 12 months also
documented that each increment was light activated for 40 seconds, but no sensitivity instances were reported [48,
53-55].

In a study conducted by Ferracane and Hilton in 2016 [49], the impact of stress and polymerization shrinkage on
the restorations' clinical performance was examined. The researcher observed the absence of clear indication
signifying that polymerization shrinkage alone can reduce the durability of restorations, where its impacts are not
always distinguishable from inadequate adhesion. Furthermore, reducing polymerization shrinkage by itself may not
be linked to a reduction in stresses at the resin-tooth interface [56], and this approach does not appear to carry any
significant clinical implications [41]. Therefore, it cannot be claimed that modified monomers composites, which offer
lowered polymerization shrinkage, will have better clinical behavior than conventional composites. Although
materials’ mechanical and physical characteristics are essential, they are not the only factors determining the
restorations' clinical performance. Factors such as the operator's experience, position, treatment circumstances,
teeth morphological features, contact points, occlusal loading, parafunctional habits, occlusion, and salivary
composition can all contribute to the final result [47].

While laboratory investigations have shown that modified monomer composites may decrease the
consequences of polymerization shrinkage, practical considerations, including cost-effectiveness and the experience
of clinicians, must be considered when implementing such materials in clinical practice. It cannot be concluded that
modified monomer composites exhibit better clinical performance than conventional composites, as the long-term
success of restorations is affected by various aspects, comprising the operator's experience, the location and
circumstances of the procedure, and the morphological features of the teeth [57].

Using newer composites is often associated with higher costs than conventional methacrylate-based
composites. Additionally, certain brands of newer composites require a higher dexterity level to achieve optimal
sculpting. While the most recent and modified monomer composites, including bulk-fill composites, offer the benefit
of faster placement and shorter time of light activation, their clinical advantages remain unclear. Clinicians should
exercise caution when using bulk-fill composites, especially those applied to a single increment until further studies
confirm their clinical benefits [58]. According to a recent meta-analysis, more long-term clinical investigations are
necessitated to evaluate the effectiveness of hewer composites [59].

While restorative composites with modified monomers have consistent clinical performance, they are generally
more expensive than conventional methacrylate-based composites and do not necessarily exhibit better clinical
endurance or efficacy. Certain brands may also require greater practical skills to achieve optimal sculpting, and the
advantages of the latest modified monomer composites, particularly bulk-fill composites, seem to be limited to the
faster placement and shorter light activation times.

In a study by Efes et al.2013 [56], the clinical efficacy of packable ormocer, nanofilled, and hybrid composites
were compared in minimally invasive occlusal cavities. Both materials exhibited satisfactory clinical outcomes, even
with the increased configuration factor of the cavity. An investigation compared the clinical effectiveness of micro-
hybrid composites with Class | resin composites made of ormocer, nanofilled, and nanohybrid materials over two
years. The results showed that all restorative materials exhibited acceptable clinical performance [18].

Various factors influence the oral environment, including temperature fluctuations, bacterial flora, pH
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imbalances, and occlusal stresses. Due to the individual differences between patients, it is challenging to replicate
oral physiology accurately. Therefore, the split-mouth design was used in this study. While in vitro studies can
provide valuable insights into restorative materials' mechanical and physical characteristics, they cannot accurately
predict their clinical handling characteristics or performance. Hence, the clinical oral environment represents the
most appropriate way to evaluate restorative materials and techniques [59]. To assess the clinical performance of
restorative materials accurately, consistent, applicable, and objective criteria must be established for the clinical
evaluation process [18].

Randomized controlled clinical trials are considered the gold standard for assessing treatment outcomes. They
provide a rigorous and systematic approach to comparing different treatment modalities and assessing their
effectiveness. By randomly assigning participants to different treatment groups and controlling for confounding
variables, randomized controlled trials can provide a more accurate estimate of the treatment effect than
observational studies [60].

CONCLUSIONS

The findings of this randomized controlled clinical trial provide scientific evidence that supports the use of Bis-
GMA free resin composite; Ormocer based on organically modified ceramic technology as a viable alternative to
conventional methacrylate-based resin composites, as their clinical performance was similar. However, additional
investigations are necessitated to fully estimate the long-term success of restorations using resin composites with
modified monomers and to determine if any real advantages exist.
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