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Abstract

Objectives In this clinical study, the 8-year clinical performances of a flowable resin composite was compared with that of
a conventional resin composite.

Materials and methods Ninety non-carious cervical lesions (NCCLs) in 19 participants were involved in this trial. NCCLs
were restored with a flowable composite (Clearfil Flow FX: FX, Kuraray Noritake, Japan) or a conventional resin composite
(Clearfil AP-X: AP) in conjunction with a one-step self-etch adhesive (Clearfil S3 Bond). Each participant had both types
of resin composite restorations that were randomly allocated. The restorations were evaluated at baseline and annually up
to 8 years using modified USPHS criteria. The data were statistically analyzed using the Fisher’s exact test, Kaplan—Meier
method, and a multivariate Cox-regression with frailty models (p <0.05).

Results The 8-year participant recall rate was 95%. One hundred percent retention was recorded for AP, whereas four out
of 46 restorations were lost for FX during the 8 years. The incidence of marginal staining increased over time regardless of
the type of resin composite, showing 48% for AP and 57% for FX after 8 years. Wear of the resin composite occurred only
for the flowable material and there was a significant difference between the types of resin composite (p=0.024). Overall
survival rates at 8 years for AP and FX were 98% and 82% respectively (p =0.110).

Conclusions The flowable resin composite presented lower wear resistance and showed a lower survival rate compared with
the conventional composite after eight years of clinical service.

Clinical relevance Flowable resin composites may show greater wear after long-term clinical service.

Trial registration number: UMIN000028745, Date of registration: August 19, 2017.

Keywords Analytical observational study - Flowable resin composite - Non-carious cervical lesions - One-step self-etch
adhesive

Introduction dentin, no retention form is present and the cervical dentin

or cementum margin is usually located subgingivally [3, 4].

A non-carious cervical lesion (NCCL) is a non-carious hard
tissue defect at the cementoenamel junction of teeth [1].
Many studies have shown that the prevalence and incidence
of NCCLs increase with age [1, 2]. Elderly populations with
many retained teeth are increasing; therefore, the opportu-
nity for management or treatment of NCCLs will likely
increase. The restoration of a NCCL is often considered a
challenging procedure since its major part is composed of
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Although no definitive conclusion can be found in the lit-
erature, it has been stated that NCCLs suspected of being
caused primarily by abfraction should be restored with a
microfilled resin composite or a flowable resin that has a low
modulus of elasticity because these will flex with the tooth
and not compromise retention [4—6].

Early flowable resin composites in the late 1990s were
created by retaining the same filler particle sizes of conven-
tional resin composites but just reducing the filler content by
20 to 25 wt% [7]. Therefore, there have been concerns about
poor mechanical properties and wear resistance of flowable
composites due to their lower filler contents [8—10]. Mechan-
ical properties depend not only on the size and amount of
filler but also on the composition of the resin matrix and on
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the silane coupling agent [11, 12]. Continuous efforts have
continued to develop a new product and to improve mechani-
cal and handling properties of resin composites [12-15].
Several laboratory studies have reported that recent flowable
resin composites have shown wear resistance comparable to
conventional resin composites [16—18].

Our laboratory study revealed that flowable resin compos-
ites in NCCLs bonded with self-etch adhesive systems did
not show any deterioration of marginal sealing under flexural
load cycling, whereas they showed more microleakage than
a conventional hybrid resin composite under thermocycling
[19]. These overall findings may raise a concern about the
marginal sealing ability of relatively large NCCLs if they
are restored with flowable resin composites in conjunction
with self-etch systems. Only a well-controlled clinical trial
can provide the ultimate proof of clinical effectiveness.
Therefore, a randomized controlled clinical trial (RCT) was
conducted to evaluate the effectiveness of a flowable resin
composite as a filling restorative material [20]. Both types
of resin composite demonstrated an acceptable clinical per-
formance after 3 years of clinical service, and there were no
significant differences in the clinical performances between
them. These findings have been supported by other clinical
trials [21-25]. Three years is a relatively short time period
to determine the durability and clinical effectiveness of a
flowable resin composite in cervical restorations [20, 23,
25]. Unfortunately, however, more long-term clinical trials
on flowable resin composites are very limited.

The aim of this study was to compare the 8-year clinical
performance of two types of resin composite in NCCLs.
The null hypothesis tested was that there is no significant
difference in eight-year clinical performance between the
two types of resin composite.

Materials and methods
Study design and setting

The protocol of this clinical trial was designed referring to
the ADA guidelines and initiated as a randomized controlled
trial in 2005 [26]. The clinical trial protocol was approved
by the Ethics Committee of Nagasaki University School of
Dentistry (No. 20). Three-year results were reported in 2010
[20]. After that, the participants continued to be seen regu-
larly (at least twice a year), and the restorations were also
followed up annually. In order to report a more long-term
clinical performance, a clinical trial protocol was further
submitted to the Ethics Committee of Nagasaki University
Hospital and approved as an observational study (17041717)
and registered with the University Hospital Medical Infor-
mation Network (UMIN000028745).
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Participant and lesion selection

Participants were recruited from patients who had been
regularly attending the Department of Conservative Den-
tistry, Nagasaki University Hospital. Inclusion criteria were
patients with at least one pair of similarly sized NCCLs that
were in need for restoration were selected. The depth of
NCCLs was less than 2 mm. Reasons for restoration were
cervical hypersensitivity, prevention of further tooth loss,
and/or esthetic concerns. Exclusion criteria were patients
with suffering from severe periodontitis or bruxism. Three
patients had to be excluded due to severe periodontitis or
bruxism. One patient declined to participate in this trial. As
aresult, nineteen participants, 10 males and 9 females (mean
age: 60.4 years, range: 29-74 years) and a total of 90 NCCLs
were included. The purpose and the research protocol, as
well as the expected benefits and possible discomfort, were
explained to the participants, and written informed consent
was obtained from all participants.

Allocation concealment

Each participant received both the test composite (improved
flowable resin composite: Clearfil Flow FX, Kuraray Nori-
take Dental, Tokyo, Japan) and a control resin composite
(a conventional resin composite: Clearfil AP-X, Kuraray
Noritake Dental). Composition and mechanical properties
of these materials are listed in Table 1. All but two par-
ticipants had three restorations or less for each of the resin
composites. Computer-generated random tables created by
an independent researcher were used to allocate the resin
composites. Just before the restorative procedure began, an
assistant who was not involved in this study directly opened
the sealed envelope to reveal the allocation corresponding
to the lowest quadrant number. The first randomly selected
type of resin composite was placed into all NCCLs requir-
ing restorations in the lowest quadrant number (according
to the FDI system), and the alternative resin composite was
used for the second lowest quadrant number. This method
was used for every other quadrant if there was at least one
NCCL requiring a restoration. In case of one participant with
two lesions which were located in a quadrant, one lesion was
restored with Clearfil AP-X (AP), and the other was restored
with Clearfil Flow FX (FX). Participants were blinded to
group assignment.

Restorative procedures

All restorative procedures were performed by SK. A 1-mm
bevel was prepared at the enamel margin using a high-
speed, water-cooled, diamond bur. In order to remove the
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Table 1 Composition and mechanical properties of resin composites used in the study

Materials Composition Mechanical properties
Clearfil AP-X Matrix Bisphenol A diglycidylmethacrylate (Bis-GMA), triethylene-glycol dimeth-  Filler content by weight (%) 85
(Kurray acrylate Elastic modulus (GPa) 16.8
gzrrlltt;];e Filler Silanated barium glass, silanated silica, silanated colloidal silica Compressive strength (MPa) 412
Flexural strength (MPa) 164
Clearfil Flow  Matrix Bisphenol A diglycidylmethacrylate (Bis-GMA), triethylene-glycol dimeth-  Filler content by weight (%) 65
FX (Kuraray acrylate, urethanedimethacrylate (UDMA) Elastic modulus (GPa) 56
g(e)fllt;a]l)(e Filler Barium glass, lanthanoid fluoride, others Compressive strength (MPa) 279
Flexural strength (MPa) 113

() Manufacturer: the information was obtained from the manufacturer

contaminated layer, dentin walls were lightly ground with
a slow-speed steel round bur without local anesthesia. No
retention grooves were placed. In order to secure contam-
ination-free access to the cavity, the adjacent gingiva was
retracted with an unmedicated gingival retraction cord,
and the operating field was isolated with cotton rolls and
a saliva ejector. The cavities were treated with a one-step
self-etch adhesive (Clearfil S3 Bond, Kuraray Noritake Den-
tal) according to the manufacturer’s instructions. S3 Bond
was applied to the cavity and left for 20 s. The solvent was
evaporated with high pressure air for 10 s which also thinned
the adhesive layer. The adhesive was irradiated for 10 s with
a conventional halogen light-curing unit (New Light VL-II,
GC Corp., Tokyo, Japan). The light intensity output of the
curing unit was checked periodically with a radiometer (Cur-
ing Radiometer Model 100, Demetron Research Corp., Dan-
bury, CT, USA) to ensure that it exceeded 400 mW/cm?. For
AP, the resin composite was placed in a single increment,
contoured with a hand instrument, and light-cured for 40 s
except for three very large and/or deep lesions which were
restored in two increments. For FX, the resin composite was
placed in two or three increments except for small and shal-
low cavities. Each increment was cured for 20 s. The excess
composite was trimmed and contoured with an ultrafine dia-
mond bur with water coolant. The restorations were finished
with ultrafine diamond points, and polished with slow speed
silicone points at a next visit that was usually scheduled
within 2 weeks.

Clinical evaluation

Restorations were visually and physically examined with a
dental mirror and an explorer, and were evaluated at base-
line, 6 months and annually until 8 years by SK using criteria
for direct clinical evaluation (Table 2) which were prepared
referring to previously published modified USPHS criteria
[27, 28]. Recurrence of NCCL was added as a new category.
In addition, at each recall visit, participants were asked if
they had any complaints such as esthetic dissatisfaction and/

or hypersensitivity. These evaluated results and the extent of
the observed event: marginal discoloration, crevice, wear
and development of NCCL, were recorded by SK on an
evaluation sheet (Fig. 1). In view of the need to observe
the restorations at future recalls, no attempt was made to
remove any visible excess by refurbishing. NCCLs that
continued to develop were also followed up to investigate
the progression of NCCLs if the participants did not have
any complaints. To facilitate the investigation and confirm
the clinical evaluation outcomes, color photographs (1:1)
were taken at baseline, 6 months, and the annual recall vis-
its (Nikon F3, Medical-Nikkor 120 mm F4, Nikon, Tokyo,
Japan and/or Sonictechno ring flash system in conjunction
with Canon EOS 60D, Tokyo, Japan) to allow for a later
review and reconfirmation. The photographic records also
allowed for a time-based comparative evaluation for each
restoration across all recall periods.

Before checking SK’s evaluations, three evaluators who
were blinded to the group assignment were trained for both
intra-evaluator and inter-evaluator reliability, using repre-
sentative photographs of each score for each criterion. An
agreement between the evaluators was necessary to be at
least 85%. The first (ET) and second (KK) evaluators rated
the restorations by observing the clinical photographs in
terms of retention, second caries, marginal discoloration,
marginal adaptation, anatomic form, and recurrence of
NCCL. The third evaluator (YT) checked the evaluation
sheets recorded by SK, against the scores of the two evalu-
ators to determine the final rating.

Statistical analysis

The Fisher's exact test was used at first to avoid multicolline-
arity. Data were statistically analyzed using JMP 15 software
package (SAS Institute Japan, Tokyo, Japan) and R Studio
(Foundation for Statistical Computing, Vienna, Austria).
Survival time was defined as the age when the restoration
was replaced, repaired or tooth extracted. If the restorations
still survived at the end of the study, they were treated as
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Table 2 Criteria for direct clinical evaluation

Category Rating scale Criteria
Acceptable Unacceptable
Retention A Retained
C Missing
Secondary caries A None
C Present
Marginal discoloration A None
B Superficial discoloration (removable, localized)
C Deep discoloration (not removable, generalized)
Marginal adaptation A Undetectable margin or slight detectable step (catches explorer
going one way)
B Detectable crevice (catches explorer going both ways)
C Obvious crevice or fracture
Anatomic form (wear) A Continuous (no wear)
B Slight discontinuous, clinically acceptable (slight under contour)
C Discontinuous, failure (under contour or exposure of cavity wall)
Recurrence of NCCL* A None
B Slight defect (less than 1 mm in depth)
C Clear defect (more than 1 mm in depth)

These criteria were prepared referring to the modified USPHS criteria reported by previous studies [27, 28]

A good, B clinically acceptable, C clinically unacceptable

“Further development of the NCCL appears to be directly unrelated to the restoration

censored cases. Likewise, in case of marginal discolora-
tion, survival time was defined as the age when marginal
discoloration was first observed. Survival analysis was per-
formed using the Kaplan—Meier method to obtain the sur-
vival curves. Variables associated with failure were assessed
by multivariate Cox regression analysis with shared frailty,
considering restorations clustered in participants. The age
variable was converted into three ordinal scales. The hazard
ratios (HRs) and the respective 95% confidence intervals
(CIs) were determined. Only those variables presenting p
values < 0.25 in univariate analyses were selected for the
multivariate analysis except for the type of resin composite.
A significance level of 5% was considered for all analyses.

Results

A CONSORT flow diagram with the number of participants,
restorations analyzed, and dropouts at 3- and 8-year recalls is
shown in Fig. 2. The 8-year participant recall rate was 95%.
Out of 19 participants, one participant with 7 restorations,
four for AP and three for FX, did not attend the recalls due
to death after 5 years. Furthermore, one restoration for AP
(deep marginal discoloration) and seven restorations for FX
(3 lost, 2 secondary caries, 1 severe wear and 1 replacement
by crown) were lost to follow-up.
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Recall rates, number of restorations examined, and the
results of evaluation according to the criteria per group at
each recall interval are summarized in Table 3. One hundred
percent retention was recorded for AP, whereas four out of
46 restorations were lost over the 8 years of the study for FX
(91%). Three retention failures occurred within 6 months,
one restoration loss was found at the 8-year recalls. The inci-
dence of marginal discoloration increased over time regard-
less of the type of resin composite (Fig. 3). During 8 years
of clinical service, marginal discoloration occurred around
21 restorations for AP (48%) and 28 restorations for FX
(57%). The extent of marginal discoloration still appeared
to be superficial except for the marginal discoloration of
three restorations. Marginal discolorations of these three res-
torations progressed to deep marginal discoloration, two FX
restorations of which was also diagnosed as second caries.
Cox regression with shared frailty models revealed that none
of the variables had any significant effect on the incidence
of marginal discoloration (Table 4). Three and five clinically
acceptable crevices were found for AP and FX, respectively.
Wear of the resin composite occurred on five restorations
only in the FX group and there was a significant difference
between the types of resin composite (p=0.024). Wear of
the flowable composite was initially observed after 4 years
of clinical service, and then the extent of wear as well as the
number of restorations showing wear gradually increased.
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Fig. 1 Evaluation sheet for the ID of subject: Date: - -  (dd/mm/yy) Evaluator :
clinical evaluation of restora-
tions. (A) Good. (B) Clinically
acceptable. (C) Clinically unac-
ceptable
Tooth number: Tooth number: Tooth number:
Retention A C A c A C
Yes No Yes No Yes No
Caries A c A c A C
Yes No Yes No Yes No
Marginal discoloration A B c A B c A B C
No superficial deep No superficial ~ deep No superficial ~ deep
Marginal adaptation A B c A B ¢ A B C
(CreVice) No detectable obvious No detectable obvious No detectable obvious
Anatomic form (wear) A B C A B C A B C
No detectable obvious No  detectable obvious No  detectable obvious
Hypersensitivity A B c A B ¢ A B C
No slight ~ severe No slight  severe No slight  severe
Color match A B c A B c A B C
match bl match match acceptable unacceptable
Surface texture A B C A B C A B C
(roughness) smooth  slight  deeply smooth  slight  deeply smooth  slight  deeply
Gingival index 0 1 2 3 0 1 2 3 0 1 2 3
Gum recession Yes No Yes No Yes No
Development of NCCL A B C A B C A B C
No slight clear No slight clear No slight clear
Participant's complaints A B c A B c A B C

One restoration showed clinically unacceptable wear after
5 years.

Further development of the NCCLs, which were not
directly related to the restorations, were found in 10 out of 19
participants. A total of 17 recurrent NCCLs adjacent to the
restorations, 7 for AP and 10 for FX, occurred from the 2-year
recall to 8-year recall. Five newly developed NCCLs, 2 for AP
and 3 for FX, progressed to be clinically unacceptable within
a few years after detection (Fig. 4), and the remaining 12
NCCLs continued to slowly progress or were nearly arrested.

No observation retreatment No observation retreatment No observation retreatment

Figure 5 shows the survival curves of the two types of resin
composites, excluding the above 5 restorations with clear
NCCL. Eight-year survival rates of AP and FX were 98% and
82%, respectively. Although univariate analyses demonstrated
that location (left and right: p=0.012) and materials (AP and
FX: p=0.021) had significant effects on the survival rates
at the 8-year recall, the Cox regression analysis with shared
frailty revealed that none of the variables had any significant
effects on clinical performance (Table 5).
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Fig.2 CONSORT flow diagram
of the study

[ Enrollment ]

Assessed for eligibility
(np=23, nr=102)
np: number of participants
nr: number of restorations

Excluded (np=4, nr=12)
Not meeting inclusion criteria (np=3, nr=8)
Declined to participate (np=1, nr=4)
Other reasons (n=0)

Randomized (np=19, nr=90)

A 4

A4

Allocation L

Allocated to AP (np=19, nr=44)

Allocated to FX (np=19, nr=46)

v

3y Follow-Up v

np=0, nr=0

Lost to follow-up (give reasons)

Lost to follow-up (give reasons)
np=0, nr=2 (2: lost)

A4

8y Follow-Up |

marginal discoloration)

Lost to follow-up (give reasons)
np=1 (decease), nr=>5 (4: decease, 1: deep

Lost to follow-up (give reasons)

np=I(decease), nr=10 (3: decease, 3: lost,
2: secondary caries, 1: composite wear, 1:
crown)

Analysis v

Analysed (np=18, nr=41)

Excluded from analysis (give reasons)
np=1 (decease), nr=3 (3: decease)

Analysed (np=18, nr=42)
Excluded from analysis (give reasons)
np=1 (decease), nr=4 (3: decease, 1:
crown)

Discussion

In RCTs or prospective cohort studies, more than 80% of the
follow-up rate is considered to be necessary to obtain a high
level of evidence [29]. Fortunately, the 8-year participant
recall rate was 95% and fulfilled this requirement. In addi-
tion, even the 8-year restoration recall rate was 83%, but 8
out of 15 restorations that were not followed-up until the
8-year recall had already been rated B (clinically acceptable)
or C (clinically unacceptable).

The overall retention rate after 8 years of clinical function-
ing was 95% (78/82). A systematic review of adhesives for
the restoration of NCCLs reported a somewhat higher annual
failure rate of 2.6 for Clearfil S3 Bond compared to our result
[30]. Brackett et al. [31] reported that S3 Bond used by inex-
perienced clinicians in adhesive technology showed relatively
high retention failures after 2 years. Several long-term clinical
studies indicated that early loss of restorations was no longer
a clinical problem when reliable adhesives are used [5, 28,
32-34], but retention rates decreased over time probably due
to fatigue of the adhesive [33]. The slight tendency towards
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poorer bonding durability observed for S3 Bond compared
to HEMA-free G Bond (GC Corp, Japan) may be due to the
presence of HEMA in its formulation, which negatively influ-
ences hydrolytic stability and durability of the adhesive inter-
face complex [30, 35]. However, this study demonstrated good
bonding durability of S3 Bond and suggests that early reten-
tion failures within a year were most likely caused by techni-
cal error. It has been speculated that resin composites with
a lower elastic modulus relieve the stresses at the adhesive
interface generated by polymerization contraction, thermal
and occlusal stresses [36]. This stress-breaking effect was not
found over the 8 years of clinical service in this study which
has also been reported in another long-term clinical trial [5].

Slight detectable discrepancies were frequently observed
at the restoration margins, regardless of the type of resin
composite. These A-rated marginal defects appeared to be
caused by chipping of excess resin composite at the edge
of the restoration where is it typically very thin. FX was
released only to the Japanese market in 2004, whereas AP
was introduced into the global market in 1994. Although FX
is a newer product compared with AP, the fracture toughness
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Table.3 Number of restorations Recall Type of CR RR NR Retention Secondary caries Marginal
eannlAned. and the results for staining
the criteria per group at each
recall interval A B C A B C A B C
ly AP 100 44 44 - 0 44 - 0 40 4 0
FX 100 46 43 - 3 46 - 0 43 3 0
2y AP 100 44 44 - 0 44 - 0 35 9 0
FX 100 43 43 - 0 43 - 0 35 8 0
3y AP 100 44 44 - 0 44 - 0 32 12 0
FX 100 43 43 - 0 43 - 0 30 13 0
4y AP 100 44 44 - 0 44 - 0 30 13 1
FX 100 43 43 - 0 43 - 0 23 20 0
Sy AP 95 39 39 - 0 39 - 0 27 12 0
FX 95 40 40 - 0 39 - 1 16 23 1
6y AP 95 39 39 - 0 39 - 0 27 12 0
FX 95 38 38 - 0 37 - 1 14 23 1
Ty AP 95 39 39 - 0 40 - 0 24 15 0
FX 95 37 37 - 0 37 - 0 14 23 0
8y AP 95 39 39 - 0 39 - 0 21 18 0
FX 95 36 35 - 1 35 - 0 11 24 0
Overall events AP - 44 44 - 0 44 - 0 23 20 1
FX - 46 42 - 4 42 - 2 20 24 2
Recall Type of CR RR NR Marginal Anatomic form Recurrent
adaptation (wear) NCCL
A B C A B C A B C
ly AP 100 44 44 0 0 44 0 0 44 0 0
FX 100 46 43 0 0 43 0 0 43 0 0
2y AP 100 44 43 1 0 44 0 0 42 2 0
FX 100 43 43 0 0 43 0 0 43 0 0
3y AP 100 44 42 1 0 44 0 0 41 1 1
FX 100 43 41 2 0 43 0 0 42 1 0
4y AP 100 44 42 1 0 44 0 0 41 1 1
FX 100 43 41 2 0 43 3 0 42 1 0
S5y AP 95 39 38 1 0 39 0 0 38 1 0
FX 95 40 38 2 0 40 3 1 37 3 0
6y AP 95 39 38 1 0 39 0 0 37 2 0
FX 95 38 37 1 0 35 3 0 33 5 0
Ty AP 95 39 37 2 0 39 0 0 35 4 0
FX 95 37 36 1 0 34 3 0 30 7 0
8y AP 95 39 37 2 0 39 0 0 34 5 0
FX 95 36 32 3 0 31 4 0 25 7 3
Overall events AP - 44 41 3 0 44 0 0 37 5 2
FX - 46 41 5 0 41 4 1 36 7 3

RR participant recall rate, NR number of restorations examined

of FX is likely to be inferior to that of AP due to its lower
filler content [37]. Even with AP, excess restorative mate-
rial may fracture easily since self-etch adhesives show lower
bond strength to uncut enamel compared to cut enamel [38].
The crevices appeared to have been caused by marginal frac-
ture of the composite, regardless of their size.

The incidence of marginal discoloration increased over time
which confirmed earlier reported findings [5, 28, 34]. Marginal
discoloration was found in about half of the restorations after
8 years of clinical functioning. However, all but three cases of
marginal discoloration appeared to be superficial and should
be able to be easily removed by polishing and/or refurbishing
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Fig.3 Incidence of marginal discoloration over time by the type of
resin composite

Table 4 Adjusted hazard ratios for variables on the marginal discol-
oration at 8-year recall (Cox regression with shared frailty models)

Variables Hazard ratio 95% CI p values

Age at placement>70 vs <60 0.636 0.159-2.540 0.520

Age at placement > 70 vs 1.696 0.425-6.764 0.450
61-70

Location 1 right vs left 2.063 0.964-4.418 0.062

Location 2 mandible vs 1.651 0.831-3.281 0.150
maxilla

Composite type AP vs FX 1.265 0.627-2.552 0.510

Fig.4 Development and pro-
gression of a recurrent NCCL.
The restoration that belonged
to the AP group was evaluated
clinically unacceptable due to

a clear NCCL after 5 years of
clinical service. a Immediately
after restoration with AP. b
Development of NCCL adjacent
to the gingival margin at 2-year
recall. ¢ Progressed (clinically
unacceptable) recurrent NCCL
at 5-year recall. d Eight-year
recall
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of the stained margin area. Superficial marginal discolora-
tion is likely to be caused by the accumulation of stains at the
marginal defect. Deeper marginal discoloration may be due to
microleakage around the region where there is excess restora-
tive material and uncut enamel which leaves a thin fin of mate-
rial in the marginal region. This speculation is supported by
the fact that the deep discoloration was occasionally reduced
when the excess restorative material chipped off as shown in
Fig. 6. With respect to the types of resin composite, there was
no significant difference in incidence of marginal discoloration
between AP and FX. This may be supported by the findings of
a previous long-term clinical trial that compared the clinical
performance of a hybrid resin composite and a micro-filled
composite with a greater flexibility similar to that of flowable
resin composites [5]. Marginal discoloration was observed
around more than half of the restorations in 13 participants in
the current study, whereas no discoloration was observed in 3
participants. Participant-related factors such as diet, chewing,
oral hygiene and smoking habits as well as oral flora may have
had some effects on the marginal discoloration [39, 40].
Regarding wear of flowable resin composite, there have
been concerns about reduced wear resistance, since flowable
resin composites were created by reducing the filler content to
reduce the viscosity of the uncured material [7-9]. Although
many laboratory studies have investigated wear of flowable
resin composites [7-9, 15-18], Heintze et al. [41] reported that
laboratory wear methods do not reflect clinical wear results.
Unfortunately, clinical studies on wear of flowable resin com-
posites are scarce, besides, they have typically been evaluated as
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Fig.5 Survival curves by the type of resin composite

Table 5 Adjusted hazard ratios for variables on the survival rates at
8-year recall (Cox regression with shared frailty models)

Variables Hazard ratio 95% CI p values

Age at placement > 70 0.876 0.141-5.445 0.890
vs <60

Age at placement > 70 vs 0.197 0.017-2.227  0.190
61-70

Gender female vs male 0.441 0.107-1.828  0.260

Location 1 left vs right 2.959 0.465-18.828 0.250

Location 2 mandible vs 0.473 0.117-1.907  0.290
maxilla

Composite type AP vs FX 5.621 0.685-46.147 0.110

short-term occlusal wear of nanocomposites [42]. A systematic
review reported that the clinical wear resistance of flowable
composites has yet to be determined [37]. In this study, visible
wear began to be observed only on FX following about 4 years
of clinical service, and then gradually increased thereafter. Not
only the composition of fillers, such as filler content, filler parti-
cle size, filler mixing method, but also the composition of resin
matrix, and silane coupling agents may play an important role
in wear resistance of resin composites [16, 17]. Filler content of
FX is 65 W% and 40 Vol%, whereas that of AP is 85 W% and
70 Vol%. In addition, FX is not a nanocomposite which is likely
to show better wear resistance [16—18]. It should be noted that
even if the restoration shows wear, it will inhibit the progression
of an NCCL toward the dental pulp.

In this clinical trial, NCCLs were merely restored, and there
was no intention to investigate the causes of the NCCLs and try
to eliminate any causative factors. Consequently, the NCCLs
continued to progress around the restorations in half of the
participants. This result indicates the importance of attempt-
ing to identify then remove any etiological factors causing the
NCCL. It has been generally accepted that the initiation and
progression of NCCLs have a multifactorial etiology, such as

Fig.6 Progression of marginal discoloration and improvement by the
fracture of excessive restorative material. The restoration belonged to
the AP group. a Baseline. b Two-year recall. ¢ Seven-year recall. d
Eight-year recall

incorrect tooth brushing, erosive agents and occlusal forces
[2]. Unfortunately, the relative contributions of the various
etiological factors still remain unclear. It was observed that
the recurrence of NCCLs gradually increased over time. Three
recurrent NCCLs progressed rapidly in the early years follow-
ing restoration, after which the progression slowed (Fig. 4).
Two recurrent NCCLs progressed rapidly after being detected,
and progression of remaining 12 recurrent NCCLs appeared to
be slow or arrested. These findings suggest that NCCLs may
progress through active and inactive stages [43].

Although univariate analyses demonstrated that location
and materials had significant effects on the survival rates at the
8-year recall, the Cox regression analysis with shared frailty
revealed that none of the variables had any significant effects
on clinical performance. For AP, one restoration with sever
marginal discoloration required repair or replacement. By
contrast, for FX, a total of 8 restorations that were evaluated
as clinically unacceptable: 4 lost restorations, 2 with severe
marginal discoloration and/or secondary caries, 1 severe wear,
1 hypersensitivity associated with recurrent NCCLs. Among
these parameters, only wear resistance is likely to be directly
related to properties of the type of resin composite. A patient’s
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esthetic demands and complaints may also have a great effect
on scoring. Throughout the whole study, none of the partici-
pants had any complaints with regard to the esthetics even
when the restorations showed deep marginal discoloration.

One aspect of this study is that the restorative procedures
and main clinical evaluations were performed by the same
investigator, and which may have led to an unconscious
bias. In order to reduce this bias as much as possible, three
independent blinded examiners evaluated the restorations by
observing clinical photographs. Although most of clinical
parameters were likely to be underestimated because of the
limitations of this type of evaluation, retention failures and
problems that progressed over time that would normally be
repaired or replaced can be determined with sufficient preci-
sion. This clinical trial protocol was developed referring to
the ADA guidelines, which states that no more than three
restorations per product per patient shall be counted and
there should be at least 25 patients at baseline [26]. Four
out of 19 participants had more than three restorations for
either AP or FX. To address this cluster effect, the factors
associated with failure were assessed by multivariate Cox
regression analysis with shared frailty, which considered
that observations within the participant were correlated and
shared the same frailty [44]. The number of participants was
less than requirement because the planned recruitment and
restoration placement period was only 6 months.

According to the results of this study, the null hypothesis that
there is no significant difference in eight-year clinical perfor-
mance between the two types of resin composite was rejected.
Continued long-term follow-up of this study is necessary to
clearly determine bonding durability, wear resistance of flow-
able composites, and the progression of marginal discoloration.
Furthermore, a long-term clinical trial using recent so-called
nanofilled or highly filled flowable composites is also required
to better understand their performance over the long term.

Conclusion

Under the protocol used in this study, the following conclu-
sions were drawn:

1. Eight-year clinical study revealed lower wear resistance
of the flowable resin composite compared with the con-
ventional composite.

2. The flowable resin composite showed a lower survival
rate than the conventional composite after eight years of
clinical service.
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