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Objectives: To evaluate the clinical performance of two methac-

-

able composite in noncarious cervical lesions (NCCLs) in adult 

participants. Method and materials: In total, 183 restorations 

were performed on NCCLs. All cavities were restored using a uni-

versal adhesive system (Futurabond U, Voco) with selective 

composites (n = 61): low-viscosity methacrylate- based compos-

ite (GrandioSO Flow, LV), high-viscosity methacrylate-based com-

-

able composite (Admira Fusion Flow, ORM). All restorations were 

analysis. Results: -

HV and LV as well as HV and ORM (P -

groups were observed (P

-

-

aptation defects, and one restoration for HV presented recur-

rence of caries. Conclusion: The universal adhesive associated 

-

failures. (Quintessence Int 2023;54: 186–199;  

doi: 10.3290/j.qi.b3631841)
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A noncarious cervical lesion (NCCL) is described as a loss of 
tooth structure at the cementoenamel junction (CEJ) that is not 
related to bacteria.1 These lesions usually have a multifactorial 
etiology, mainly by combination of three major mechanisms: 
friction, occlusal stress, and biocorrosion.  Furthermore, the 
development of NCCLs may be associated with gingival reces-
sion in thin periodontal biotypes, suboptimal oral hygiene,3 

-
gression of periodontal diseases.  There is an important global 
impact of these lesions since the prevalence of NCCLs among 

 Usually, 
the presence of NCCLs may lead to esthetic problems, as well 

6

Several treatment strategies for NCCLs have been re-
ported; restorative treatment, which entails the use of an ad-
hesive system combined with a composite resin, is the strat-
egy most commonly used by dental practitioners.  Even 
though the restoration with composite resin does not treat 
the etiology of these lesions, it allows for the restoration of 

hypersensitivity, and improves esthetics.8 On the other hand, 
composite resin restorations have presented some limitations 

-
sile stress caused by occlusal loading, resulting in increased 
postoperative sensitivity, poor marginal adaptation, and low 
retention rates.9

 RESTORATIVE DENTISTRY
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-
ity composite resins has been proposed to restore NCCLs, as they 
show similar clinical performance and good handling proper-
ties.

-
-

ular viscosity.  In theory, this reduced elastic modulus can ab-

of composites and during mechanical loading under function.

13 These materials 

used and indicated by the manufacturers (G-aenial Universal 
Flo, GC; GrandioSO Heavy Flow, Voco), and they are claimed to 
have improved mechanical properties.  This improvement oc-

 and, at the same time, add 
 

-
able composites showed satisfactory clinical performance, 
with the advantages of easy handling, better cavity-wall adap-
tation, and less time needed to place the restorations.  How-

19

On the other hand, in an attempt to overcome the problems 
-

rylate-based composites resins, one alternative was developed, 
-

lated by inorganic-organic co-polymers with inorganic silanated 
-

showing improved biocompatibility compared to methacry-
late-based composite resin,  as well as an acceptable clinical per-

 Long-term clinical 
studies of the ormocer-based composites generally focus on regu-
lar-viscosity composites and posterior restorations.  Only one 

-
19

Therefore, in an attempt to conduct a longer follow-up ob-

performance, the aim of this double-blind randomized con-
trolled clinical trial was to evaluate the clinical performance of 

null hypotheses tested were that:

 ■

-

World Dental Federation (FDI) or United States Public 
Health Service (USPHS) criteria

 ■

(marginal staining, marginal adaptation, recurrence of car-
ies, and postoperative sensitivity) of NCCL restorations built 

-
cosities when evaluated using FDI or USPHS criteria.

Method and materials

Ethics approval and protocol registration

The Ethics Committee on Involving Human Subjects of the 
-

proved the protocol and consent form for this study (protocol 
-

The experimental design followed the Consolidated Standards 
of Reporting Trials (CONSORT) statements.

Trial design, settings, and locations of data collection

All the restorations were inserted in the clinics of the State Univer-

Participant recruitment

Subjects were recruited as they sought treatment in the State 

for the study were recruited in the order in which they reported 
for screening session, forming a convenience sample. No adver-
tisement was made for participant recruitment. The participants 
were informed about the nature and the objectives of the study, 

treatments under evaluation. Written informed consent was ob-
tained from all participants prior to starting the treatment.

Sample size

The primary outcome of this study was retention rate. The sample 
-
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 A minimal 

Eligibility criteria

dental practitioners to ensure the subjects met the inclusion 
-

terms of the research (Fig 1). The evaluations were performed 
using a mouth mirror, explorer, and periodontal probe.

Participants had to be in good general health (ASA I, a normal 
healthy participant; and ASA II, a participant with mild systemic 
disease without substantive functional limitations),  be older 
than 18 years old, have an acceptable oral hygiene level accord-

 and present at 

least three comparable NCCLs (in size, format, and dimensions) 

had to be noncarious, nonretentive, deeper than 1 mm, and in-
volve both the enamel and dentin of vital teeth without mobility. 

of enamel.  All subjects were given oral hygiene instructions 
before performing the operative treatment. Subjects with ex-
tremely poor oral hygiene (OHI-S more than 3),  severe or chronic 

with bleeding on probing and clinical attachment loss more than 

Enrollment

1

– Did not have at minimum of three cervical lesions (np = 11) 

Allocation

Lost to follow-up (nr = 9) 
Reason: 

Lost of retention ( nr = 3) 
Excluded due to ceramic 

restoration (nr = 1) 

Allocated to HV (nr = 61) 

Follow-up 6-months 

Follow-up 12-months 

Follow-up 24-months 

Follow-up 6-months

Follow-up 12-months

Follow-up 24-months

Lost to follow-up (nr = 6) 
Reason: lost of retention 

Lost to follow-up (nr = 1) 
Reason: lost of retention 

Reason: 
 

Lost to follow-up (nr = 1) 
Reason: lost of retention 

Lost to follow-up (nr = 8) 
Reason: 

Lost of retention (nr = 3) Not 

No return to recall  
 

Reason:  
hospitalized at a 
medical center

Allocated to LV (nr = 61) 

Fig 1
diagram in the  

study design (HV, 
heavy viscosity; LV, low 
viscosity; np, number 
of participants; nr, 
number of restorations; 
ORM, ormocer).

Allocated to ORM (nr = 61) 
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3 mm in more than four teeth),31 heavy bruxism habits (severe 
masticatory muscle pain, temporomandibular joint pain, or ex-
treme tooth wear),  or use of orthodontic devices or removable 
prothesis were excluded from the study.

Randomization sequence generation and  
allocation concealment

-
-

volved in the research protocol. In total, 183 teeth were treated 

three research groups. Details of the allocated groups were re-

not involved in any of the phases of the clinical trial. The allo-
cation assignments were revealed by opening the envelope 
immediately before the restorative procedure to guarantee the 

bias. The examiners and the participants were blinded to the 
group assignments.

Baseline characteristics of the selected teeth

The features of the NCCLs were evaluated before the placement 
of the restorations by two trained and calibrated dental practi-
tioners involved in the selection of participants, and who car-
ried out the restorative procedures. The degree of dentin scle-
rosis was evaluated according to an earlier scoring system33 

 as follows:
1. No sclerosis present; dentin is light yellowish or whitish, 

-
lucency or transparency
More sclerosis than in category 1 but less than halfway be-

3. -

translucency or transparency evident.

The lesion dimensions in mm (height, width, and depth) and 

Table 1

Materials Composition Application mode

Vococid (Voco)

Futurabond U (Voco) HEMA, bis-GMA, HEDMA, methacrylate phosphoric acid ester, 

ethanol. )

GrandioSO Flow (low Organic matrix: bis-GMA, HEDMA, TEGDMA, bis-EMA, 
)

GrandioSO Heavy Flow 

Voco)
amine and butylhydroxytoluene. )

Admira Fusion Flow 
)

dimethacrylate; UDMA, urethane dimethacrylate.
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were recorded.  Other features, such as the presence of attri-
tion facets,36 were also observed and recorded. Preoperative 
sensitivity was evaluated prior to examination (spontaneous), 

were recorded to allow comparison of the baseline features of 
the dentin cavities among experimental groups.

For the calibration procedure step, the study director placed 
one restoration of each group in order to identify all steps in-
volved in the protocol. Then, two operators placed three restor-
ations in a clinical setting, one of each group under the supervi-
sion of the study director in a clinical setting. Any defects of the 

-
erator before starting the study. At this point, the operators 
were considered calibrated to perform the restorative proced-
ures. The calibrated operators restored all teeth under the su-
pervision of the study director.

Intervention: restorative procedure

In order to avoid contamination, each tooth was separately re-
stored from others, even when restorations in neighboring teeth 
were to be performed. A detailed protocol standardized the in-
terventions, summarized as follows. A preliminary dental pro-
phylaxis of the tooth surface was performed with pumice and 
water in a rubber cup with the aim of removing any remaining 

guide, the proper shade of the resin composite was determined. 

(Mepisv, DFL), and the restoration was placed under rubber dam 
isolation. Following the guidelines of the American Dental Asso-
ciation,  the operators did not prepare any additional retention 
or bevel. The universal adhesive system Futurabond U (Voco) 
was applied in the self-etch mode associated with selective 

2c

Figs 2a to 2c Representa-
tive photographs of clinical  
performance of low-viscosity, 
composites at (a) baseline, 
(b) -
storative procedure, and (c) 

Description according to  

“clinically very good” in all 
parameters.

Figs 3a to 3c Representa-
tive photographs of heavy- 
viscosity composites at (a) 
baseline, (b) immediately 

and (c) 
evaluation. Description  
according to the FDI criteria: 

good” in all parameters.

Figs 4a to 4c Representa-
tive photographs of ormocer- 

at (a) baseline, (b) immedi-
 

procedure, and (c) at the 
 

Description according to  

“clinically good” in marginal 
staining and marginal  
adaptation.

2a

3a

4a

2b

3b

4b

3c

4c
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-
clar Vivadent). The composition and application mode are de-

 ■

 

 ■ Low-viscosity methacrylate-based composite (GrandioSo 
Flow, Voco) was placed as reported for the ormocer-based 

 ■ High-viscosity methacrylate-based composite (GrandioSo 
Heavy Flow, Voco) was placed as reported for the ormocer- 

OptraPol NG (Ivoclar Vivadent) under constant water-cooling. 

Clinical evaluation

Two blinded, experienced, and calibrated dental practitioners 
(that were not involved in the restoration procedure) performed 
the clinical evaluation. Participants were also blinded to group 
assignment in a double-blind randomized controlled trial. For 

were representative of each score for each criterion. They eval-

subjects had cervical restorations and did not participate in this 
project. An intra-examiner and inter-examiner agreement of at 

All parameters during evaluation were recorded using a 
standardized paper case report form and intraoral digital pho-

-

group assignment during follow-up recalls. Two criteria were 
used for evaluation of the restorations: the FDI  and USPHS 

39 and Perdigão et 
al -

-
ing secondary outcomes were also evaluated: marginal staining, 
marginal adaptation, postoperative sensitivity, and recurrence 

experienced any pain during the period. These variables were 

 ■

-

 ■

-
pendently. When disagreements occurred during the evalua-
tions, a consensus had to be reached before the participant 
was dismissed. All restorations scored as clinically unsatisfac-
tory or poor by FDI criteria at one recall were accounted as cu-
mulative failure at the next follow-up evaluation. Each failed 
restoration due to retention loss was replaced with a new com-
posite resin restoration.  These new restorations were not in-
cluded as part of the study for further evaluations. Repaired res-
torations (ie, due to secondary caries) were considered as a 
relative failure and could be monitored and evaluated as an inte-
gral part of restoration for further evaluations.38 -
torations whose evaluation was not possible to be performed, as 
well as excluded restorations were considered lost to follow-up.

Statistical analysis

The statistical analysis followed the intention-to-treat protocol, 
 Descriptive statistics 

were used to describe the distributions of the evaluated cri-

-

-

For the secondary outcome (marginal staining, marginal ad-
aptation, postoperative sensitivity, and recurrence of caries), in 

-

Results

-
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-

received six restorations each. The restorative procedures were 
-

during the follow-ups, gingival health was completely recovered 

without signs of recession or any periodontal condition in the re-
-

tive to the research subjects and characteristics of the restored 

agreement between the examiners. All research subjects were 

hospitalized at a local medical center. One restoration was ex-
cluded because the tooth received a ceramic crown restoration.

Table 2 Characteristics of the research subjects and the noncarious cervical lesions (NCCLs) per group

Characteristic No. of subjects

Characteristics of research 
subjects

Gender distribution Male
Female

Age distribution (y) 3

6
11

> 69 3

Characteristic

No. of lesions

LV HV ORM

Characteristics of NCCL lesions Shape, degree of angle, degrees 6 9
18

6 9
31

Cervico-incisal height, mm 13

19

Degree of sclerotic dentin 1 18
13

3 9

Presence of antagonist Yes 61 61 61
No

Attrition facet Yes 11 16
No

Preoperative sensitivity 
(spontaneous) 

Yes 61 61 61
No

Preoperative sensitivity (air dry) Yes
No 38

Tooth 
distribution

Anterior Incisor 6 9 16
Canines 8 9

Posterior Premolar
Molar 8

Arc distribution Maxillary 33 31
Mandibular

HV, high viscosity; LV, low viscosity; ORM, ormocer.
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Retention and fracture

-

P

-
ences were observed in the comparisons of HV and LV (HR = 

P
P

the ORM or LV composite resin, respectively.
Regarding the participants, one restoration of each group 

one restoration each, all from the HV group. As some cavity 
characteristics could be considered responsible for influenc-
ing the clinical performance of cervical composite restor-
ations, a more accurate description of the lost restoration was 
performed. Regarding the sclerotic dentin, the loss of restor-
ations was distributed as follows: GradioSO Flow (degree 1, 

the loss of restorations was distributed as follows: GradioSO 

-

-
though no statistical analysis was performed, mainly due to 
the low number of loss restorations, the descriptive statistics 
suggested that a similar percentage of restorations were lost, 
regardless of sclerotic dentin degree or degree of cavity angle.

Marginal staining

according to the FDI criteria (Table 3), and four restorations 
(two for HV and two for ORM) according to USPHS criteria (Ta-

P

Marginal adaptation

-
ancies according to the FDI criteria (Table 3), and six restorations 
(four for HV, one for ORM, and one for LV) according to USPHS cri-

P

Other parameters 

criteria (P
-

cording to FDI and USPHS criteria (P

Discussion

The present double-blind, randomized controlled clinical trial 

Flow) showed a higher retention rate than those with heavy-vis-

-
-

composite,  allowing for a closer adaptation to the cavity walls 

Flow, which shows lower viscosity than GrandioSo Heavy Flow, 

-
-
-

 In that study, the 
authors stated that GrandioSO Flow and GrandioSO Heavy 

-
spectively, and that those values were even higher than the 

 Jager et al  pro-

-
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 did not 

-

-
-

count in the measurements.

-
methacrylate (bis-EMA), a highly viscous monomer.  This ex-

Flow, as previously reported.  In contrast, GrandioSO Flow 

-
late (HEDMA, a diluent monomer), which decrease the materi-

change their viscosity, with GrandioSO Flow showing lower vis-
cosity than GrandioSO Heavy Flow.  The higher viscosity of 

moist and adapt well to cavity margins and walls in NCCLs, caus-
19

-
strate controversial results when compared to a systematic re-
view published by Szesz et al.  In that study, the authors evalu-

with regular-viscosity composites of restorations placed in 

(GrandioSO Heavy Flow). In the study by Szesz et al,  only the 

-

-
chanical properties that are comparable to those of regular- 
and high-viscosity composites.  Therefore, future studies 

Table 3

FDI criteria Group

Baseline 6 months 12 months 24 months

LV HV ORM LV HV ORM LV HV ORM LV HV ORM

Marginal staining VG 61 61 61 33
GO 1 1 1 1 8 11
SS 1 1
UN
PO

Fractures and 
retention

VG 61 61 61
GO 1 1 1 1 1 3
SS 1 1 1 1 3
UN 1 1 1 1 1 1
PO 6 1 1 3 3

Marginal 
adaptation

VG 61 61 61
GO 1 1 1 1 16
SS 1 1 1
UN
PO

Postoperative 
(hyper-) sensitivity

VG 61 61 61 61 61
GO
SS
UN
PO

Recurrence of 
caries

VG 61 61 61 61 61
GO
SS
UN
PO 1
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Fusion Flow), the results of the present study showed similar 

was partially rejected.

poor long-term clinical behavior of restorations carried out 
with these materials compared to methacrylate-based com-
posites. Recently, pure ormocer composites were developed, 
such as Admira Fusion Flow. According to the manufacturer, the 
composition contains no diluent methacrylate monomer. It is 
composed of inorganic-organic copolymers with inorganic sila-

 in a three-dimensional structure, and 
-

ites. These characteristics allowed the ormocer to achieve a 
higher degree of conversion  without developing greater poly-

based composites,  even with the development of improved 
mechanical properties compared to methacrylate-based com-
posites.
performance of restorations performed with pure ormocer 
when evaluated in posterior teeth  and in NCCLs.

It is worth mentioning that the retention rates of ormocer- 
based and methacrylate-based composites were similar to 

those observed in the literature.  
-

 found a 
-
-

Some structural characteristics of the NCCLs, such as cavity 

clinical performance of composite restorations.  In the present 
study, GradioSO Heavy Flow presented the lowest retention rate 

and the highest angle degree. However, a similar percentage of 
restoration lost was found in each sclerotic dentin degree (de-

-
-

tion rate. A recent systematic review and meta-analysis showed 
-

storative success.  Even so, a correlation statistical analysis 
should be done in future clinical studies for stronger evidence.

As noted, the primary outcome of the present study was re-
tention rate, which will lead to a restoration replacement. How-

Table 4
(USPHS) criteria

USPHS criteria Score
Baseline 6-months 12-months 24-months

LV HV ORM LV HV ORM LV HV ORM LV HV ORM

Marginal staining Alpha 61 61 61 61 61

Charlie
Retention Alpha 61 61 61 61 61

3
Charlie 6 1 1 3 3

Fracture Alpha 61 61 61
1 1 3 1

Charlie
Marginal adaptation Alpha 61 61 61

1 1 1
Charlie

Postoperative 
sensitivity

Alpha 61 61 61 61 61

Charlie
Recurrence of caries Alpha 61 61 61 61 61

Charlie 1

HV, heavy viscosity; LV, low viscosity; ORM, ormocer.
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ever, secondary outcomes, such as secondary caries, could lead 
to a restoration replacement or repair.  Restoration replacement 

relative failure, being further evaluated as an integral part of res-
toration.38

have clear results of failed and relative failed restorations.
-

and comparable results to those presented in the literature 

the present study, the majority of restorations were rated, us-
ing FDI and USPHS criteria, as clinically acceptable, resulting in 

the other clinical secondary outcomes: marginal staining, re-
currence of caries, and postoperative sensitivity. Therefore, the 
second null hypothesis was accepted.

It is worth mentioning that previous studies have shown that 
FDI criteria were more sensitive and precise in detecting minor 
failures during the clinical evaluation of direct restorations than 

-

NCCL restorations and for “marginal adaptation” and “marginal 
staining” criteria,  as observed in the present study. Various re-
search centers continue using USPHS criteria,  therefore it is 
better to conduct such evaluations using two sets of criteria to 

those of all clinical studies published on NCCLs. 

 noted, FDI and 

mainly because these criteria added to the subjective process 
-

tations. These authors suggested the use of intraoral digital 
-

was recently validated by Opdam et al  and was used in the 
present study as an additional tool to record and evaluate the 
restorations at baseline and at each recall to allow for perma-
nent recording of comparisons over time, providing detailed 
information and improving the level of evidence in the clin-
ical research.

could increase the volume of residual monomers61 and reduce 
the biocompatibility to gingival tissues  by inducing an in-

63 mainly when used 
in cervical lesions, -
mation were observed during the follow-ups in the present 
study (results not shown), and there were no signs of new 

-
mation observed at baseline may be related to the use of 

-
ing procedure, resulting later in the recovery of the connective 
tissue.  Longer follow-up needs to be performed to critically 
evaluate the biocompatibility or periodontal health regarding 
NCCL restorations with low-viscosity composites. 

Table 5 -

Group Absolute risk (95% CI) Relative risk (95% CI)*

Low viscosity NA

Heavy viscosity

Ormocer

*Related to low viscosity group. 
NA, not applicable.

Table 6  

Pairwise comparison

Heavy viscosity vs low viscosity

Ormocer vs low viscosity

Heavy viscosity vs Ormocer

time (months)

LV
HV
ORM

Groups

Fig 5 Survival curves for all groups (HV, heavy viscosity;  
LV, low viscosity; ORM, ormocer).

Su
rv

iv
al

 (%
)

5
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-

mainly because three participants lost three restorations each. 

occlusal wear facets,66 which is related to high stress and occlu-
sal forces concentrated in the cervical area, leading to a higher 
incidence of NCCL progression.  However, none of those three 
participants showed any NCCL progression during the fol-
low-ups, and they maintained at least one more restoration of 
each group. Further long-term studies are necessary to evaluate 

-

meta- analysis of in vitro studies reported lower bond strength 

composites.68 Notwithstanding, short-term  and a recent long-
term  clinical studies in NCCLs have reported acceptable clinical 

Even so, further in vitro and long-term clinical studies should be 
performed to assess the advantages of these new materials com-

Finally, the limitations of the present study should be men-
tioned. One of them is the number of restorations by partici-

in the results. Even though this is a common situation in the 
dental literature,
should be considered in future studies. In the present study no 

cavity preparation was performed before placement of the res-
torations. At the time that the present study was started, the 
evidence regarding this topic was unclear,  or thought to be 

 However, more recently, a long-term 
clinical study  showed that NCCL restorations without any cav-
ity preparation resulted in a higher retention loss when com-
pared to a group in which the dentin was prepared. Therefore, 
future clinical studies should be conducted to test the clinical 
performance of the restorative materials tested in the present 
study when associated with dentin preparation. Another po-
tential limitation of this study is the mid-term evaluation 

follow-up are needed to get more accurate outcomes and to 
identify the baseline characteristics of NCCLs associated with 
failure, using proper statistical analysis.  

Conclusion

The clinical performance of the universal adhesive associated 
-

evaluation. However, the high-viscosity composite restorations 

Disclosure
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