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Abstract

Objective: To assess the clinical performance of two composite materials with two

universal adhesives and a two-step self-etch adhesive on class II restorations for

18 months.

Materials and Methods: Two hundred and fifty-two class II cavities were bonded

with G-Premio Bond, Single Bond Universal, and Clearfil SE Bond 2. A nanohybrid

composite (Filtek Z550 Universal) or a microhybrid composite (G-aenial Posterior)

was used to fill the bonded cavities. World Dental Federation criteria were used to

evaluate the restorations at 1 week, 6, and 18 months. Statistical analysis was per-

formed using Friedman and Fisher's exact tests (α = 0.05).

Results: Retention loss and fracture were not observed in any restorations during the

18 months. The adhesives used showed no significant differences for all criteria

examined (p > 0.05) regardless of composite material. After an 18-month follow-up,

seven G-aenial Posterior and three Filtek Z550 Universal restorations presented

slight marginal discrepancies, with no significant differences (p = 0.246). At 1 week,

Filtek Z550 Universal (9.5%) led to significantly higher postoperative sensitivity com-

pared with G-aenial Posterior (0.8%) (p = 0.001).

Conclusions: Universal adhesives showed similar clinical performance to Clearfil SE

Bond 2. The restorations with Filtek Z550 Universal had a relatively higher risk of

postoperative sensitivity.

Clinical Significance: Universal adhesives were clinically successful for 18 months. At

1 week, the type of composite material used significantly affected the occurrence of

postoperative sensitivity.

K E YWORD S

Clearfil SE Bond 2, Filtek Z550 Universal, G-aenial Posterior, G-Premio Bond, postoperative
sensitivity, Single Bond Universal, World Dental Federation

1 | INTRODUCTION

Universal or multi-mode adhesives, the most recent generation of

dental bonding agents, were introduced about 10 years ago to

simplify clinical processes and reduce the likelihood of errors made by

clinicians.1 Depending on individual clinicians' preferences and clinical

conditions, these multi-mode adhesives can be applied with or with-

out acid etching (etch-and-rinse or self-etch modes).2 They contain
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complex mixtures of hydrophobic and hydrophilic components, often

within a single bottle, with functional monomers enabling chemical

bonding to tooth-hard tissues.1,3 Additionally, they can bond to differ-

ent surfaces, such as ceramics, composites, and metals, thanks to

silane agents.

Many in vitro studies investigated the bonding performance to

dentin and enamel of universal adhesives, depending on the applica-

tion strategy. With phosphoric acid etching, higher bond strengths

and long-term bonding durability have been observed when compared

with those achieved without enamel conditioning.1 However, many

clinical studies reported that the composite restorations placed with

or without acid etching showed similar scores, except for marginal

staining, which showed better results with acid etching.4 On the other

hand, acid etching of dentin did not improve the bonding durability. It

has been suggested that the pH of universal adhesives can impact the

dentin bonding strength, with low pH adhesives potentially reducing

long-term bonding ability.1 Many clinical studies have assessed mild-

self etch adhesives (pH = 2.5–2.7), such as Scotchbond Universal, in

noncarious cervical defects and reported good performance for these

adhesives after 18/36-month follow-up regardless of application

mode.4–7 However, clinical studies evaluating low pH universal adhe-

sives (1–1.5) are scarce, with few exceptions. A previous in vivo study

reported that the universal adhesive with a low pH (G-Premio Bond

[GP]) showed similar clinical performance to mild universal adhesives

(pH = 2–2.3) in noncarious cervical defects.8 Consequently, random-

ized controlled studies assessing the clinical success of these adhe-

sives, particularly in carious tooth tissues, are still insufficient.

Composite resins are often employed for posterior restoration

because of their acceptable aesthetic characteristics, superior

mechanical capabilities, and the ability to create more conservative

cavity preparations.9,10 The primary problem in composite resins is

polymerization shrinkage, which may lead to poor marginal adapta-

tion, marginal staining, tubercule fractures, micro-leakage, secondary

caries, and postoperative sensitivity.11–13 Bisphenol a-glycidyl meth-

acrylate (Bis-GMA) is often used as a basic monomer in dental com-

posites due to excellent reactivity and mechanical properties, its low

volumetric shrinkage, and low tissue diffusivity.14 However, there are

concerns about this monomer because bisphenol A (BPA) is used as a

raw material to make it. BPA has estrogenic properties and has been

linked to various health issues such as hormonal activity, diabetes,

asthma, obesity, genital malformations, cancer, behavioral changes,

and infertility.14–16 Some research has found higher levels of BPA in

human urine and saliva after using composite resins and sealants.17–19

Newer BPA-free resin composites must be developed in order to

reduce human exposure to this substance, even though there are not

many studies examining the relationship between BPA exposure from

resin-based materials and its detrimental health influences.20 Some

manufacturers have developed Bis-Gma-free composites, but a few

studies have evaluated these composite materials clinically.

This study aimed to assess the clinical performance of different

composite materials in class II restorations bonded with two universal

adhesives and one two-step self-etch adhesive at 1 week, 6, and

18 months. The null hypotheses were that clinical performance would

not differ among adhesive agents (1) and between composite

materials (2).

2 | MATERIALS AND METHODS

2.1 | Study approval and design

Recep Tayyip Erdogan University's Non-Invasive Ethics Committee

(2020/188) approved the protocol for the study. Each participant

signed an informed consent form after receiving information about

the study. In this study, it was bonded class II cavities using two uni-

versal adhesives: GP (GC, Tokyo, Japan) and Single Bond (SU), also

known as Scotchbond Universal in some countries (3M ESPE, St Paul,

USA). As a control group, one two-step self-etch adhesive was also

used (Clearfil SE Bond 2: SE2; Kuraray, Okayama, Japan). The cavities

were then filled with different composite materials (Filtek Z550 Uni-

versal [FZU] and G-aenial Posterior [GAP]). Table 1 displays the appli-

cation procedures and compositions of the materials. The study was

registered with ClinicalTrials.gov (document number: NTC06058026).

2.2 | Sample size calculation

A meta-analysis determined that the average annual failure rate of

posterior composite materials was approximately 2%.21 This means

composite restorations are expected to have a clinical success rate of

about 97% after 18 months, assuming that restoration failures occur

linearly. To determine a 20% difference between test groups, a superi-

ority test (www.sealedenvelope.com) showed that a minimum sample

size of 41 restorations per group was required, with an 80% statistical

power and a 0.05 significance level.

2.3 | Selection of participants

The participants for the study had to visit the dental clinic in the uni-

versity for regular dental check-ups. To be selected for the study, they

needed to have good oral hygiene, no systemic diseases, at least one

primary proximal carious lesion, be 18 or older, and have teeth in

proximal and antagonistic contact. However, the study excluded

patients with multiple caries, uncontrolled parafunctional behaviors,

dentin hypersensitivity, periodontal and gingival disease, and remov-

able prostheses. Additionally, those who were pregnant or breastfeed-

ing, receiving orthodontic treatment, taking medication, had

spontaneous pain, had undergone direct or indirect pulp capping, or

were allergic to resin-based products were not involved in the study.

An expert clinician meticulously examined 150 patients to ensure

their suitability for the study. For the clinical examinations, an

explorer, a periodontal probe, and a mouth mirror were used in a

well-illuminated environment. Out of the 150 individuals, 26 were dis-

qualified from the study, 20 of them did not meet all the inclusion

conditions, while the remaining 6 declined to participate. The
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eligibility of 124 individuals was confirmed, who were then briefed in

detail about the study's objectives and potential issues. Participation

in the study was entirely voluntary, and patients were free to decline

or accept the invitation to participate.

2.4 | Randomization

The randomization schemes for the selection of bonding agents and

restorative materials were determined using the website www.

sealedenvelope.com. An independent researcher, who was not

involved in the experimental steps, conducted this process. The ran-

domization lists were assigned sequential numbers, placed in opaque

envelopes, and sealed. On the day of the restoration treatments, the

operator took the treatment protocol from each envelope. When the

patient needed many restorations, the dentist chose the second one

from a different quadrant. The treatment consistently began in the

quadrant with the lowest number (1 ! 4), and the initial application

was performed on the tooth with the highest FDI number in each

quadrant. Although the operator knew who received which treatment,

evaluators and patients were blinded to the used materials.

2.5 | Restorative procedure

The condition of the teeth was assessed and noted prior to the restor-

ative treatment. The DMFT index scores of the participants were also

recorded. Periapical radiographs were taken to evaluate the state and

depth of any caries and detect any periapical and likely periodontal

problems. A rubber-cup with a pumice slurry was used to clean the

teeth of each participant, followed by washing to clean any remaining

plaque and debris. The shade of the restorative materials was

detected by a shade-guide. For painless and comfortable operations, a

local anesthetic was administered to the area that required

restoration.

Cavity preparation was performed using a high-speed handpiece

(Kavo, Biberach, Germany) with diamond fissure burs (Wilofa

Diamant, Willi Lohmann, Germany) under water cooling. The caries-

affected dentin tissue was removed using a low-speed tungsten-

carbide round bur (Ela, Engelskirchen, Germany). To avoid unneces-

sary tooth structure loss, the preparation of cavities is limited to

removing only the affected structures without extra beveling or reten-

tion on the cavity walls. Preparations did not contain cusps, and the

depth of the cavities varied between 3 and 5 mm, measured by

the periodontal probe (Exlin, PQW6, Pakistan). Suction devices and

cotton rolls were used to control cavity contamination during the res-

toration process. A partial or circumferential matrix system

(Dispodent or SuperCap matrix) along with appropriate wedges were

placed to ensure reliable approximal contact. Using an air-water spray,

the cavity was rinsed, and then a cotton pellet was used to dry.

No liner or pulp capping material was used during the treatment

procedure. Adhesive agents were applied in accordance with the man-

ufacturer's directions in the self-etch strategy (see Table 1) and poly-

merized for 10 s using a light-emitting diode (VALO, Ultradent) with a

power output of 1000 mW/cm2. Following light-curing, the compos-

ite materials (FZU or GAP) were applied in horizontal layers of 2 mm

TABLE 1 The materials used in this study.

Material (Code)

Producer (lot

number) Chemical components Application methods

Clearfil SE Bond 2

(SE2)

Kuraray

Noritake,

Okayama, Japan

(000112)

Primer: HEMA, 10-MDP, hydrophilic

dimethacrylate, water, photoinitiator

Bond: HEMA, 10-MDP, Bis-GMA, hydrophilic

dimethacrylate, photoinitiators, dl-

camphorquinone, silanated colloidal silica,

accelerators

Apply primer to the surface for 20 s, and gently air

flow for 5 s. Apply bond, gently air flow to make a

uniform layer, and light cure for 10 s.

G-Premio Bond

(GP)

GC, Tokyo,

Japan (2009021)

10-MDP, 4-MET, MEPS, methacrylate monomers,

acetone, water, initiators, silica

Apply bond to the surface and wait for 10 s, air-dried

by maximum-air pressure for 5 s, and light cure for

10 s

Single Bond

Universal (SU)

3M ESPE, St

Paul, MN, USA

(7128834)

Bis-GMA, 10-MDP, dimethacrylate resins,

vitrebond copolymer, HEMA, filler, ethanol, water,

initiators, silane

Apply to the entire surface by rubbing with the

applicator for 20 s, then carefully air-dried by mild-air

pressure for 5 s and light cure for 10 s

Filtek Z550

Universal (FZU;

Nano-hybrid

composite)

3M ESPE,

Germany

(N987308)

Bis-GMA, TEGDMA, PEGDMA, UDMA, Bis-EMA,

zirconia and silica fillers

Placed a 2-mm-thick composite using the incremental

technique and then light-cure each layer for 20 s.

G-aenial Posterior

(GP; Micro-hybrid

compsoite)

GC, Tokyo,

Japan

(191216A)

UDMA, methacrylate monomers, ytterbium

trifluoride, prepolymerized fillers,

fluoroaluminosilicate, silica, camphorquinone and

amine

Placed a 2-mm-thick composite using the incremental

technique and then light-cure each layer for 20 s.

Abbreviations: 4-MET, 4-methacryloxyethyl trimellitic acid; 10-MDP, 10-methacryloyloxydecyl dihydrogen phosphate; Bis-EMA, ethoxylated bisphenol-A

dimethacrylate; Bis-GMA, bisphenol A diglycidylmethacrylate; HEMA, 2-hydroxyethyl methacrylate; MEPS, methacryloyloxyalkyl thiophosphate

methylmethacrylate; PEGDMA, polyethylene glycol dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, urethane dimethacrylate.
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thickness, with each layer being light-cured for 20 s. VALO light

device was positioned as close to the occlusal surface as possible

without touching the restorative material. The restorations were fin-

ished by contouring and adjusting the occlusion using fine diamond

burs. Consequently, the polishing procedure was performed using pol-

ishing discs and rubbers (Clearfil™ Twist DIA, Kuraray, Japan) under

water cooling. The same qualified operator performed all of the

restorations.

2.6 | Clinical assessment

The participants were called to control at various intervals: after

1 week, 6, and 18 months. Restorations were evaluated based on

modified World Dental Federation (FDI) criteria. These criteria

included assessing for fracture and retention, marginal adaptation,

marginal staining, secondary caries, postoperative sensitivity, ana-

tomic form, color or translucency match, adjacent mucosa health, and

oral and general health.22 The results were scored from 1 to 5, with

1 being clinically best and 5 being worst.

Two qualified clinicians performed clinical evaluation using a

probe and mirror beneath a reflector light. Clinicians were calibrated

before the evaluation of restoration using the online learning plat-

form.22 The subjects' postoperative sensitivity was assessed by asking

if they had felt any pain during this period. Secondary caries, periapi-

cal and periodontal regions, and contact with adjacent teeth were

examined by periapical and bite-wing radiographs at 6- and 18-month

evaluations.

F IGURE 1 Clinical flow diagram presenting the recruitment of participants and their follow-up for 18 months. FZU, Filtek Z550 Universal;
GAP, G-aenial Posterior; GP, G-Premio Bond; SU, Single Bond.

4 ÖZDEN and KARADAS
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2.7 | Statistical analysis

Cohen's Kappa statistic was employed to assess the agreement

between two clinicians examining restorations. There was at least

85% agreement between the two calibrated clinicians.7 Fisher's exact

and chi-square tests were used to assess differences between adhe-

sives or composite materials at each period. The Friedman test was

used to assess the impact of time on restorations. DMFT scores were

evaluated using a one-way ANOVA test. Statistical software (IBM

SPSS 27.0; Chicago, IL, USA) was employed to analyze the data, with

a 0.05 significance level.

3 | RESULTS

Figure 1 shows a clinical flow diagram of the participant recruit-

ment process. A total of 124 patients were selected, consisting of

54 men and 70 females. The average age of the patients was

26, ranging from 18 to 53. In the beginning, every patient partici-

pated in the study (100% participation rate); however, after

6 months, the participation rate dropped to 85.4%. The participa-

tion percentage declined to 80.6% in the 18-month assessment.

Ultimately, the final participation consisted of 100 patients, and

212 restorations were assessed.

Table 2 shows the characteristics of the study population and res-

torations. Two hundred and fifty-two teeth of 124 patients were

restored. Of the restorations, 51.8% (110) were placed in premolars,

and 48.1% (102) were placed in molars. Regarding location, 47.6%

(101) were in the mandible, and 52.3% (111) of the restorations were

in the maxilla. DMFT scores showed no significant differences among

the groups (p = 0.369, Table 2).

During the 18-month follow-up, no restoration showed signs of

fracture or loss of retention. Over time, no surface discoloration was

seen on any of the composite materials. At 1 week and 6 month, there

was no marginal staining in any of the restorations. After the

18-month follow-up, three restorations showed minor marginal stain-

ing in the GAP (with one SU [2.7%] and one GP [2.7%]), and the FZU

(with one SE2 [2.7%]) groups (Tables 3 and 4).

No deterioration in marginal adaptation was seen in any restora-

tions at 1 week and 6 month evaluations. After 18 months, seven

GAP restorations (with three SE2 [8.5%], three SU [8.5%], and one GP

[2.7%]) and three FZU restorations (with one SE2 [2.7%] and two SU

[5.7%]) presented slight marginal discrepancies (Tables 3–5). However,

this difference did not differ significantly between composite mate-

rials (Table 6, p = 0.246) or among bonding agents (Table 5,

p = 0.522).

Only one restoration for GAP restorations (with SU [2.3%])

showed slight postoperative sensitivity at 1 week (Table 4). For FZU,

12 restorations (with 4 SE2 [9.5%], 5 SU [11.8%], and 3 GP [7.1%])

showed postoperative sensitivity at 1 week, which found no statisti-

cally differences among adhesives (p = 0.75) (Table 3). The SE2 and

SU groups with FZU showed significantly higher postoperative sensi-

tivity at 1 week when compared with other times (Tables 3 and 5,

p < 0.05). Postoperative sensitivity showed a significant difference

between GAP (0.8%) and FZU (9.5%) restorations (Tables 6 and 7,

p = 0.001). FZU showed a significantly higher absolute risk compared

with GAP (Table 7). Postoperative sensitivity disappeared at the 6-

and 18-month follow-up evaluations. There was no need for end-

odontic treatment on any teeth.

During the 18-month evaluation, no secondary caries were

observed in restorations (Figure 2). At all evaluation periods, the com-

posite materials did not show significant changes in anatomical form

(p > 0.05). Also, no composite materials in anatomical form showed a

significant change between initial measurements and later observa-

tions (p > 0.05).

The color match between composite materials and teeth showed

no significant differences for composite resins (p > 0.05, Table 6,

Figure 2). Color matching for composite resins did not alter signifi-

cantly over time (p > 0.05).

In some participants, bacterial plaque on the restoration surfaces

or minor changes in the mucosa adjacent to restoration was observed.

However, no significant difference was found between composite

materials during all evaluations (p > 0.05). Also, in oral and general

health, no significant changes were observed.

4 | DISCUSSION

The clinical effectiveness of two composite materials using two uni-

versal adhesives and a two-step self-etch adhesive for class II restora-

tions was evaluated over an 18-month follow-up. The clinical results

showed no significant differences between the adhesives regarding all

the examined criteria. Thus, the first null hypothesis was accepted.

Also, no significant differences were observed in the clinical success

TABLE 2 Characteristics of the study population and restorations.

Characteristics of the patients

Mean age 26

Min age 18

Max age 53

Sex distribution

Female 70

Male 54

Arch distribution

Maxilla 111

Mandible 101

Characteristics of the
groups FZU GAP

Number of restorations SE2 SU GP SE2 SU GP

Premolar 20 20 14 18 23 15

Molar 16 15 21 17 12 21

DMFT index score 7.9 9.1 8.4 8.1 8.4 7.4

Abbreviations: FZU, Filtek Z550 Universal; GAP, G-aenial Posterior; GP,

G-Premio Bond; SU, Single Bond.
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of the restorative materials, regardless of postoperative sensitivity in

the first evaluation. Consequently, the second null hypothesis was

also primarily accepted for the 18-month evaluation.

In this study, composite materials were placed using the horizon-

tal technique due to the small cavity dimensions. This technique

involves the placement of composite material in an occluso-gingival

direction, which may cause the C-factor to increase.23 When placed in

the proximal box, the composite material tends to be pulled away

from the gingival floor due to shrinkage during polymerization.24

However, in the present study, postoperative sensitivity and second-

ary caries were not observed in the restorations after 18 months. This

can be explained by the sufficient bonding strength of the bonding

agents, which can compensate for polymerization shrinkage stresses.

Also, a previous study reported that composite placement techniques

did not affect microleakage at the gingival floor of class II cavities.24

Another study stated that the cuspal deflection, a method evaluating

polymerization shrinkage stress, showed no significant difference

between oblique and horizontal incremental filling techniques in class

II cavities (MOD).25

The retention rate is a reliable indicator of restorative material

clinical efficacy. According to the American Dental Association, a suc-

cessful material must have a retention rate of at least 90% after

18 months.26 In the current study, the retention rate was 100%,

regardless of the adhesive agent or composite material. Previous clini-

cal studies compared universal adhesives have primarily focused on

noncarious cervical defects and have reported conflicting results.2,3,5,6

A previous study reported that after an 18-month follow-up, the res-

torations bonded with universal adhesives (SU and Prime & Bond

TABLE 3 Clinical evaluation scores of adhesive agents with Filtek FZ550 Universal.

Criteria Score

1 week 6 months 18 months

SE2 SU GP SE2 SU GP SE2 SU GP

Fracture and retention 1 42 (100%) 42 (100%) 42 (100%) 37

(100%)

39

(100%)

38

(100%)

36 (100%) 35 (100%) 35

(100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal staining 1 42 (100%) 42 (100%) 42 (100%) 37

(100%)

39

(100%)

38

(100%)

35

(97.2%)

35 (100%) 35

(100%)

2 0 0 0 0 0 0 1 (2.7%) 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal adaptation 1 42 (100%) 42 (100%) 42 (100%) 37

(100%)

39

(100%)

38

(100%)

35

(97.2%)

33

(94.2%)

35

(100%)

2 0 0 0 0 0 0 1 (2.7%) 2 (5.7%) 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Postoperative

sensitivity

1 38

(90.4%)

37

(88.1%)

39

(92.8%)

37

(100%)

39

(100%)

38

(100%)

36 (100%) 35 (100%) 35

(100%)

2 4 (9.5%) 4 (9.5%) 3 (7.1%) 0 0 0 0 0 0

3 0 1 (2.3%) 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Secondary caries 1 42 (100%) 42 (100%) 42 (100%) 37

(100%)

39

(100%)

38

(100%)

36 (100%) 35 (100%) 35

(100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Note: 1, Clinically very good; 2, clinically good; 3, clinically sufficient; 4, clinically unsatisfactory; 5, clinically poor.

Abbreviations: GP, G-Premio Bond; SU, Single Bond.
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Elect) in self-etch, and etch-and-rinse approaches showed significantly

higher retention loss (22.1%) in noncarious cervical defects,6 which

conflicts the results of this study. This might be attributed to the fact

that noncarious cervical lesions often provide little retention form, in

contrast to class II cavities. Therefore, maintaining a strong bonding

with the tooth becomes challenging. On the other hand, another

study stated that the retention rate of universal adhesives (GP,

iBOND Universal, Clearfil Universal Bond) in noncarious lesions was

approximately 99% after 18 months.8 Many different oral conditions,

such as tooth location and type, caries location, oral hygiene, and par-

afunctional habits, can influence the clinical performance of dental

materials.27

Significant color changes were not seen in the composite material

surfaces over time, confirming the results of prior clinical studies that

stated good color match/durability for nanofill and micro-hybrid com-

posites in class I and II restorations after 24-month follow-up.9,10 A

recent meta-analysis determined that the material viscosity and filler

type did not influence the clinical success of composite materials.21 It

has also been stated that nano-hybrid composite materials were not

superior to hybrid or micro-hybrid composite materials in terms of

color matching, anatomical form, and surface texture,21 which con-

firms the findings of this study.

In the current study, only one marginal staining (1.4%) was

observed for each adhesive after 18 months. A meta-analysis study

determined that marginal staining was not significantly affected by

the application mode of universal adhesives after 18/24-month

follow-up,27 which has been attributed to the chemical bonding mech-

anism of functional monomers to the enamel hydroxyapatite. A

TABLE 4 Clinical evaluation scores of adhesive agents with G-aenial Posterior.

Criteria Score

1 week 6 months 18 months

SE2 SU GP SE2 SU GP SE2 SU GP

Fracture and retention 1 42

(100%)

42 (100%) 42

(100%)

35

(100%)

35

(100%)

37

(100%)

35 (100%) 35 (100%) 36 (100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal staining 1 42

(100%)

42 (100%) 42

(100%)

35

(100%)

35

(100%)

37

(100%)

35 (100%) 35

(97.2%)

35

(97.2%)

2 0 0 0 0 0 0 0 1 (2.7%) 1 (2.7%)

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal adaptation 1 42

(100%)

42 (100%) 42

(100%)

35

(100%)

35

(100%)

37

(100%)

32

(91.4%)

32

(91.4%)

35 (100%)

2 0 0 0 0 0 0 3 (8.5%) 3 (8.5%) 1 (2.7%)

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Postoperative

sensitivity

1 42

(100%)

41

(97.6%)

42

(100%)

35

(100%)

35

(100%)

37

(100%)

35 (100%) 35 (100%) 36 (100%)

2 0 1 (2.3%) 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Secondary caries 1 42

(100%)

42 (100%) 42

(100%)

35

(100%)

35

(100%)

37

(100%)

35 (100%) 35 (100%) 36 (100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Note: 1, Clinically very good; 2, clinically good; 3, clinically sufficient; 4, clinically unsatisfactory; 5, clinically poor.

Abbreviations: GP, G-Premio Bond; SU, Single Bond.
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previous study reported that the restorations bonded with SE2 or SU

in self-etch mode showed 37% marginal staining in noncarious defects

after 24-month follow-up.7 Another study stated that GP showed

12.1% marginal staining in noncarious cervical defects after an

18-month follow-up, based on US Public Health Service criteria.8

These findings were much higher than the results of this study, which

could be explained by lower micromechanical retention of nonreten-

tive lesions depending on different cavity designs. It has been found

that the roughening of dentin and enamel by diamond burs improved

the clinical success of the adhesive agents.28

No significant difference was observed among adhesives in terms

of marginal discrepancy. However, the restorations bonded with GP

adhesive showed a better marginal adaptation (98.5%) regardless of

the composite type. This may be due to different compositions of the

adhesives, such as lower pH, presence of HEMA, and solvent type.1

Previous studies reported that SE2, SU, and GP in self-etch mode

showed, respectively, 13.5%, 10.8%, and 18.2% marginal discrepancy

in noncarious defects after 18/24-month follow-up,7,8 which exceeds

the findings in this study. The clinical performance of the restorations

can be affected by many factors, such as operating technique, com-

posite type used, cavity design, and cavity isolation.29,30 It has been

observed that marginal adaptation deteriorates more significantly as

cavity size increases.31

In this study, GAP (6.6%) showed higher marginal discrepancy

compared with FZU (2.8%), which could be related to different

mechanical properties. A previous study reported that GAP exhibited

significantly lower hardness values than FZU.32 Differences in the

polymerization degree, the molecular stiffness, and the ultimate

TABLE 5 Total clinical evaluation scores of adhesive agents, regardless of composite material.

Criteria Score

1 week 6 months 18 months

SE2 SU GP SE2 SU GP SE2 SU GP

Fracture and retention 1 84 (100%) 84 (100%) 84 (100%) 72

(100%)

74

(100%)

75

(100%)

70 (100%) 70 (100%) 71 (100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal staining 1 84 (100%) 84 (100%) 84 (100%) 72

(100%)

74

(100%)

75

(100%)

69

(98.5%)

69

(98.5%)

70

(98.5%)

2 0 0 0 0 0 0 1 (1.4%) 1 (1.4%) 1 (1.4%)

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Marginal adaptation 1 84 (100%) 84 (100%) 84 (100%) 72

(100%)

74

(100%)

75

(100%)

66

(94.2%)

65

(92.8%)

70

(98.5%)

2 0 0 0 0 0 0 4 (5.7%) 5 (7.1%) 1 (1.4%)

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Postoperative

sensitivity

1 80

(95.2%)

78

(92.8%)

81

(96.4%)

72

(100%)

74

(100%)

75

(100%)

70 (100%) 70 (100%) 71 (100%)

2 4 (4.7%) 5 (5.9%) 3 (3.5%) 0 0 0 0 0 0

3 0 1 (1.1%) 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Secondary caries 1 84 (100%) 84 (100%) 84 (100%) 72

(100%)

74

(100%)

75

(100%)

70 (100%) 70 (100%) 71 (100%)

2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0

Note: 1, Clinically very good; 2, clinically good; 3, clinically sufficient; 4, clinically unsatisfactory; 5, clinically poor.

Abbreviations: GP, G-Premio Bond; SU, Single Bond.

8 ÖZDEN and KARADAS

 17088240, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13285 by R

ecep T
ayyip E

rdoan Ü
niversitesi, W

iley O
nline L

ibrary on [12/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



TABLE 6 Total clinical evaluation scores of composite resins, regardless of adhesive agents.

Criteria Score

1 week 6 months 18 months

GAP FZU GAP FZU GAP FZU

Fracture and retention 1 126 (100%) 126 (100%) 107 (100%) 114 (100%) 106 (100%) 106 (100%)

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Marginal staining 1 126 (100%) 126 (100%) 107 (100%) 114 (100%) 104 (98.1%) 105 (99%)

2 0 0 0 0 2 (1.9%) 1 (0.9%)

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Marginal adaptation 1 126 (100%) 126 (100%) 107 (100%) 114 (100%) 99 (93.3%) 103 (97.1%)

2 0 0 0 0 7 (6.6%) 3 (2.8%)

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Postoperative sensitivity 1 125 (99.2%) 114 (90.4%) 107 (100%) 114 (100%) 106 (100%) 106 (100%)

2 1 (0.8%) 11 (8.7%) 0 0 0 0

3 0 1 (0.8%) 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Secondary caries 1 126 (100%) 126 (100%) 107 (100%) 114 (100%) 106 (100%) 106 (100%)

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Anatomic form 1 115 (91.2%) 110 (87.3%) 92 (85.9%) 100 (87.7%) 92 (86.7%) 98 (92.4%)

2 11 (8.7%) 12 (9.5%) 10 (9.3%) 10 (8.7%) 10 (9.4%) 8 (7.5%)

3 0 4 (3.1%) 5 (4.6%) 4 (3.5%) 4 (3.7%) 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Color or translucency match 1 114 (90.4%) 119 (94.4%) 99 (92.5%) 107 (93.8%) 94 (88.6%) 97 (91.5%)

2 9 (7.1%) 7 (5.5%) 8 (7.4%) 7 (6.1%) 12 (11.3%) 7 (6.6%)

3 3 (2.3%) 0 0 0 0 2 (1.8%)

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Adjacent mucosa health 1 126 (100%) 125 (99.2%) 105 (98.1%) 111 (97.3%) 102 (96.2%) 106 (100%)

2 0 1 (0.8%) 0 3 (2.6%) 1 (0.9%) 0

3 0 0 2 (1.8%) 0 3 (2.8%) 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Oral and general health 1 126 (100%) 126 (100%) 107 (100%) 114 (100%) 106 (100%) 106 (100%)

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

Note: 1, Clinically very good; 2, clinically good; 3, clinically sufficient; 4, clinically unsatisfactory; 5, clinically poor.

Abbreviations: FZU, Filtek Z550 Universal; GAP, G-aenial Posterior.
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strength have been identified as the causes of the decreased hardness

of urethane dimethacrylate (UDMA)-based resins (GAP) compared

with Bis-GMA-based resins (FZU). Additionally, GAP's lower filler con-

tent (76 wt%) compared with FZU (82 wt%) and the presence of pre-

polymerized particles lead to a decrease in hardness.32 Decreased

surface hardness makes the GAP composite more susceptible to

scratches and deterioration, resulting in the highest marginal discrep-

ancy. However, no marginal staining was observed in all restorations

with marginal defects. This indicates that marginal staining may be

specific to the individual, or microbiological factors may play a role.

Previous studies reported that after 18/24-month follow-up, GAP in

class II restorations showed higher marginal discrepancy (12.5% or

37.5%) compared with the results (6.6%) of the current study.9,12

These different results can be explained by different filling techniques

of composite material.

The present study showed a significant difference in sensitivity

between composite materials at the 1 week evaluation, but no sensi-

tivity was determined at 6 and 18 months. Factors such as filling tech-

nique, adhesive strategy, cavity size, and cavity complexity may affect

postoperative sensitivity after a restorative procedure. However,

postoperative pain has generally been related to the stress generated

by polymerization shrinkage.13 Previous studies have stated a range

of postoperative sensitivity, varying from 0% to 23.3% in class II res-

torations filled with incremental technique at baseline or after

1 week.11,33 In this study, the restorations with FZU showed signifi-

cantly higher postoperative sensitivity (9.5%) than those with GAP

(0.8%), which may be related to different polymerization shrinkage

stress of these composites. A recent study reported no sensitivity for

class II restorations filled with GAP using an oblique incremental layer-

ing technique,12 which mostly confirms our results. As far as we know,

TABLE 7 Number of teeth experienced postoperative sensitivity during the 1-week follow-up and the absolute risk.

Composite

materials

Number of teeth sensitivity/

total

Absolute risk

(95% CI)

Adhesive

agents

Numbers of teeth sensitivity/

total

Absolute risk

(95% CI)

FZU 12/126 9.5 (5.0–16.0) SE2 4/42 9.5 (2.6–22.6)

SU 5/42 11.9 (3.9–25.6)

GP 3/42 7.1 (1.5–19.4)

GAP 1/126 0.8 (0.0–4.3) SE2 0/42 0.0 (0.0–8.4)

SU 1/42 2.3 (0.0–12.5)

GP 0/42 0.0 (0.0–8.4)

Total 13/252 5.1 (2.7–8.6)

Abbreviations: CI, confidence interval; FZU, Filtek Z550 Universal; GAP, G-aenial Posterior; GP, G-Premio Bond; SU, Single Bond.

F IGURE 2 Representative clinical and
radiographic images of Filtek Z550 (A; 16)
and G-aenial Posterior (B; 25) composite
materials after 18 months.
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no studies have assessed the clinical performance of Bis-GMA-based

FZU in permanent teeth. Combining triethylene glycol dimethacrylate

(TEGDMA) with Bis-GMA as a diluent significantly increases polymeri-

zation shrinkage. Due to their molecular properties and low viscosity,

UDMA-based composites can accomplish a high degree of conversion

with relatively low TEGDMA content and lower polymerization stress

compared with Bis-GMA-based materials.14 On the other hand, resin-

containing materials are more cytotoxic in the early stages due to the

release of unbound monomers within the first hours after polymeriza-

tion, potentially causing postoperative sensitivity.19

The groups in this study had high DMFT scores, but second-

ary caries were not detected during 18 months. Bacterial plaque

was detected on the surface of a few restorations, but overall,

the participants had good oral hygiene habits, which may explain

the absence of secondary caries. Additionally, no significant

change was observed in the gums and oral mucosa adjacent to

the restoration. Randomized in vivo studies with prolonged follow-

ups (over 10 years) must observe every critical effect and differ-

ence of the composite materials.34 An 18-month clinical follow-up

of composite restorations should be considered a limitation of this

study. However, in this study, the return rate of participants was

80.6% after 18 months. There has been an annual decrease of

approximately 12.9%, which may make it difficult to obtain suffi-

cient data over the long term.

5 | CONCLUSION

Within the limitations of this in vivo study, it was determined that:

1. No significant differences were found among the adhesives

regarding all the examined criteria over the 18 months;

2. Composite materials presented a similar clinical performance at

the 18-month evaluation, except for postoperative sensitivity

at the 1 week evaluation;

3. The higher postoperative sensitivity observed with FZU compared

with GAP at 1 week evaluation was not evident at the 6- and

18-month evaluations;

4. Universal adhesives presented a similar clinical performance to

Clearfil SE Bond 2.

ACKNOWLEDGMENTS

This study was supported by Recep Tayyip Erdogan University

Research Fund (Project code: TDH-2020-1192).

CONFLICT OF INTEREST STATEMENT

The authors declare that they do not have any financial interest in the

companies whose materials are included in this article.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

REFERENCES

1. Cuevas-Suarez CE, da Rosa WLO, Lund RG, da Silva AF, Piva E. Bond-

ing performance of universal adhesives: an updated systematic review

and meta-analysis. J Adhes Dent. 2019;21(1):7-26.

2. Loguercio AD, de Paula EA, Hass V, Luque-Martinez I, Reis A,

Perdigao J. A new universal simplified adhesive: 36-month random-

ized double-blind clinical trial. J Dent. 2015;43(9):1083-1092.

3. Lawson NC, Robles A, Fu CC, Lin CP, Sawlani K, Burgess JO. Two-

year clinical trial of a universal adhesive in total-etch and self-etch

mode in non-carious cervical lesions. J Dent. 2015;43(10):1229-1234.

4. Josic U, Maravic T, Mazzitelli C, et al. Is clinical behavior of composite

restorations placed in non-carious cervical lesions influenced by the

application mode of universal adhesives? A systematic review and

meta-analysis. Dent Mater. 2021;37(11):e503-e521.

5. de Albuquerque EG, Warol F, Tardem C, et al. Universal simplified

adhesive applied under different bonding technique's: 36-month ran-

domized multicentre clinical trial. J Dent. 2022;122:104120.

6. Ruschel VC, Shibata S, Stolf SC, et al. Eighteen-month clinical study of

universal adhesives in noncarious cervical lesions. Oper Dent. 2018;

43(3):241-249.

7. Zanatta RF, Silva TM, Esper M, Bresciani E, Goncalves S, Caneppele T.

Bonding performance of simplified adhesive systems in noncarious

cervical lesions at 2-year follow-up: a double-blind randomized clinical

trial. Oper Dent. 2019;44(5):476-487.

8. Oz FD, Kutuk ZB, Ozturk C, Soleimani R, Gurgan S. An 18-month clin-

ical evaluation of three different universal adhesives used with a uni-

versal flowable composite resin in the restoration of non-carious

cervical lesions. Clin Oral Investig. 2019;23(3):1443-1452.

9. Guney T, Yazici AR. 24-month clinical evaluation of different bulk-fill

restorative resins in class II restorations. Oper Dent. 2020;45(2):

123-133.

10. Ernst CP, Brandenbusch M, Meyer G, Canbek K, Gottschalk F,

Willershausen B. Two-year clinical performance of a nanofiller vs a

fine-particle hybrid resin composite. Clin Oral Investig. 2006;10(2):

119-125.

11. Balkaya H, Arslan S. A two-year clinical comparison of three different

restorative materials in class II cavities. Oper Dent. 2020;45(1):

E32-E42.

12. ElAziz RHA, ElAziz SAA, ElAziz PMA, et al. Clinical evaluation of pos-

terior flowable short fiber-reinforced composite restorations without

proximal surface coverage. Odontology. 2024. Online ahead of print.

13. Perdigao J, Geraldeli S, Hodges JS. Total-etch versus self-etch adhe-

sive: effect on postoperative sensitivity. J Am Dent Assoc. 2003;

134(12):1621-1629.

14. Goncalves F, Pfeifer CC, Stansbury JW, Newman SM, Braga RR. Influ-

ence of matrix composition on polymerization stress development of

experimental composites. Dent Mater. 2010;26(7):697-703.

15. Perez-Mondragon AA, Cuevas-Suarez CE, Gonzalez-Lopez JA, Trejo-

Carbajal N, Melendez-Rodriguez M, Herrera-Gonzalez AM. Prepara-

tion and evaluation of a BisGMA-free dental composite resin based

on a novel trimethacrylate monomer. Dent Mater. 2020;36(4):

542-550.

16. Soderholm KJ, Mariotti A. BIS-GMA-based resins in dentistry: are

they safe? J Am Dent Assoc. 1999;130(2):201-209.

17. McKinney C, Rue T, Sathyanarayana S, Martin M, Seminario AL,

DeRouen T. Dental sealants and restorations and urinary bisphenol a

concentrations in children in the 2003-2004 National Health and

Nutrition Examination Survey. J Am Dent Assoc. 2014;145(7):

745-750.

18. Maserejian NN, Trachtenberg FL, Wheaton OB, et al. Changes in uri-

nary bisphenol A concentrations associated with placement of dental

composite restorations in children and adolescents. J Am Dent Assoc.

2016;147(8):620-630.

19. Goldberg M. In vitro and in vivo studies on the toxicity of dental resin

components: a review. Clin Oral Investig. 2008;12(1):1-8.

ÖZDEN and KARADAS 11

 17088240, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13285 by R

ecep T
ayyip E

rdoan Ü
niversitesi, W

iley O
nline L

ibrary on [12/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



20. Lofroth M, Ghasemimehr M, Falk A, Vult von Steyern P. Bisphenol A

in dental materials—existence, leakage and biological effects. Heliyon.

2019;5(5):e01711.

21. Heintze SD, Loguercio AD, Hanzen TA, Reis A, Rousson V. Clinical

efficacy of resin-based direct posterior restorations and glass-

ionomer restorations—an updated meta-analysis of clinical outcome

parameters. Dent Mater. 2022;38(5):e109-e135.

22. Hickel R, Peschke A, Tyas M, et al. FDI World Dental Federation:

clinical criteria for the evaluation of direct and indirect

restorations-update and clinical examples. Clin Oral Investig. 2010;

14(4):349-366.

23. Lutz F, Krejci I, Barbakow F. Quality and durability of marginal adap-

tation in bonded composite restorations. Dent Mater. 1991;7(2):

107-113.

24. Ghavamnasiri M, Moosavi H, Tahvildarnejad N. Effect of centripetal

and incremental methods in class II composite resin restorations on

gingival microleakage. J Contemp Dent Pract. 2007;8(2):113-120.

25. Park J, Chang J, Ferracane J, Lee IB. How should composite be lay-

ered to reduce shrinkage stress: incremental or bulk filling? Dent

Mater. 2008;24(11):1501-1505.

26. Association AD. ADA Acceptance Program Guidelines: Resin Based

Composites for Posterior Restorations. ADA Council on Scientific

Affairs; 2001.

27. Josic U, Mazzitelli C, Maravic T, et al. The influence of selective

enamel etch and self-etch mode of universal adhesives' application

on clinical behavior of composite restorations placed on non-carious

cervical lesions: a systematic review and meta-analysis. Dent Mater.

2022;38(3):472-488.

28. Heintze SD, Ruffieux C, Rousson V. Clinical performance of cervi-

cal restorations—a meta-analysis. Dent Mater. 2010;26(10):993-

1000.

29. Bayraktar Y, Ercan E, Hamidi MM, Colak H. One-year clinical evalua-

tion of different types of bulk-fill composites. J Investig Clin Dent.

2017;8(2):12210-12219.

30. Veloso SRM, Lemos CAA, de Moraes SLD, Do Egito Vasconcelos BC,

Pellizzer EP, De Melo Monteiro GQ. Clinical performance of bulk-fill

and conventional resin composite restorations in posterior teeth: a

systematic review and meta-analysis. Clin Oral Investig. 2019;23(1):

221-233.

31. Astvaldsdottir A, Dagerhamn J, van Dijken JW, et al. Longevity of

posterior resin composite restorations in adults—a systematic review.

J Dent. 2015;43(8):934-954.

32. Pala K, Tekce N, Tuncer S, Serim ME, Demirci M. Evaluation of the

surface hardness, roughness, gloss and color of composites after dif-

ferent finishing/polishing treatments and thermocycling using a multi-

technique approach. Dent Mater J. 2016;35(2):278-289.

33. Sekundo C, Fazeli S, Felten A, Schoilew K, Wolff D, Frese C. A ran-

domized clinical split-mouth trial of a bulk-fill and a nanohybrid com-

posite restorative in class II cavities: three-year results. Dent Mater.

2022;38(5):759-768.

34. Opdam NJM, Collares K, Hickel R, et al. Clinical studies in restorative den-

tistry: new directions and new demands. Dent Mater. 2018;34(1):1-12.

How to cite this article: Özden G, Karadas M. Clinical

performance of different composite materials in class II

cavities bonded with universal adhesives. J Esthet Restor Dent.

2024;1‐12. doi:10.1111/jerd.13285

12 ÖZDEN and KARADAS

 17088240, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jerd.13285 by R

ecep T
ayyip E

rdoan Ü
niversitesi, W

iley O
nline L

ibrary on [12/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1111/jerd.13285

	Clinical performance of different composite materials in class II cavities bonded with universal adhesives
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Study approval and design
	2.2  Sample size calculation
	2.3  Selection of participants
	2.4  Randomization
	2.5  Restorative procedure
	2.6  Clinical assessment
	2.7  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


