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[ . Introduction

For the last 150 years, dental amalgam was usually
used as a filling material for Class II cavity.
Research, however, has shown that the minute
amounts of mercury vapor escaping from amalgam
are in concentrations high enough to produce any
detectable effect on the body”. Also, concern about
the potential mercury biohazard to patients, opera-
tors and the environment has encouraged the profes-
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sion to explore the viability of mercury-free materials
as alternatives to dental amalgam.

Efforts have been made for the last 30 years to
develop a composite resin originally introduced as a
tooth-colored restoration in the anterior dentition into
an alternative to amalgam in posterior teeth. Their
introduction to dentistry by Rafael Bowen? in the
mid-1960s opened the door for opportunities not even
imagined at that time. But many dentists have a dif-
ficulty in filling Class II cavity with early posterior




composite. Because of the technique sensitivity of
materials, tight proximal contact” and natural con-
tour” couldn t be regained properly. Also, early com-
posite resin was more susceptible to recurrent caries’
and worn” more easily than amalgam. Therefore,
indirect technique was explored, in which you make
the restoration in a laboratory and cement it to teeth.
However, in indirect technique, there were some dis-
advantages such as more visits, much more loss of
tooth structure and higher prices patients should pay.
Thus, it was still necessary to create a composite
resin adequate to be used in direct technique.

Over the years, composite resins became substan-
tially better. Many of the problems associated with
the original formulations eventually were resolved.
Unfortunately, however, the material s handling
characteristics remained relatively unaltered. Only
those operators who took the extra time required for
placement and followed all of the detailed procedures
associated with insertion and finishing experienced a
high level of success. Also, composite resin could not
actually serve as a replacement for amalgam until its
handling characteristics were changed.

Recently, high density posterior composites have
been introduced to solve many of these problems.
Surefil(Caulk, U.S.A.), a urethane modified BIS-
GMA resin system, used in this study was comprised
of the synergistic linking of a unique inorganic filler
system(interlocking particle technology). Surefil is a
precisely engineered mixture of different-size parti-
cles which are made of patented fluoride-infused
glasses. Interlocking action between the particles
gives this restorative a feel and resistance similar to

Total filling
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an amalgam during condensation. It also eliminates
the slumping and rebounding of most composites
when trying to establish contacts.

The objective of this study was to test the Surefil
under clinical conditions by examining the clinical
performance, such as color match, marginal discol-
oration, recurrent caries, marginal integrity, wear,
proximal contact, fracture, postoperative sensitivity,
gingival health.

I . Materials and Methods
1. Materials

A total of 35 restorations of Surefil were made in
Class 1I cavities. All patients included in the study,
ranging from 20 to 60 years of age, were selected
from the clinical pool available through the Dankook
Dental School clinic. In class 2 cavities of 35 teeth of
30 patients were filled in two ways, one of which is
total filling technique and the other is incremental
filling technique. 18 of those teeth were filled in total
filling technique and 17 of those were filled in incre-
mental filling technique. They were bonded with
Prime &Bond NT(Caulk, U.S.A.) which is one coat-
ing bonding agent. Patients who have vital class II
defects including initial/secondary class II carious
lesion, tooth fracture except full cuspal fracture and
esthetic re-restoration on existent class II metallic
restoration were selected. All teeth included in the
study were in normal functional occlusion with at
least one cusp in occlusal contact, and they all had a
favorable response to a pulp tester, percussion, and

Incremental filling

Fig. 1. Filling methods
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palpation,
2. Methods

1) Preparations

Before initiating the procedure, a clinical examina-
tion, radiograph and photograph were taken. After
appropriate isolation using rubber dam and gingival
retraction cord, the cavity was prepared with a No.
245 Carbide bur at high speed. The occlusal aspects
of the preparation were paraliel with a butt joint at
the cavosurface margin, and bevel may be used on
the both buccal and ligual sides of proximal box
except on the side of gingival wall. Gingival wall was
positioned on the site of enamel, dentin and/or
cementum, but was extended deeper than 2mm
depth of gingiva. In deep cavities, hard-setting
Ca(OH)2(UltraBlend, Ultradent, U.S.A.) was applied

Table 1. United State of Public Health Service Criteria

on the local area only close to the pulp and GI
cement base was used.

2) Composite resin filling

After the conservative outline of preparations was
kept very close to original contour using a Tofflemire
retainer, a thin(.0015") metal matrix and wedge, a
cavity cleanser(Bisco, U.S.A.) was then used to clean
up the cavities. A 34% phosphoric acid solution was
then applied to the enamel and dentin surfaces for
15 seconds, rinsed, and lightly air dried. Next, Prime
& Bond NT was applied to the surface of the prepa-
ration with a fully saturated small brush. The bond-
ing agent was air dispersed for 20 seconds from the
time of application, photo-cured for 10 seconds.

After inserting into proximal box with a nonstick
nylon amalgam carrier, the total filling group were
inserted into proximal box with bulk, and the incre-

. Rating

Characteristics

The restoration appears to match the shade and translucency of adjacent

Alfa
tooth tissue.
Doesn' t match the shade and translucency of adjacent tissues, but the
Color match Bravo ]
mismatch is within the normal range of tooth shades.
Charlie Doesn’ t match the shade and translucency of adjacent tissues, and the
mismatch is outside the normal range of tooth shades and translucency.
Alfa No visual evidence of marginal discoloration different from the color of the
restorative material and from the color of the adjacent tooth structure.
Visual evidence of marginal discoloration at the junction of the tooth
Marginal Bravo structure and the restoration, but the discoloration has not penetrated
discoloration along the restoration in a pulpal direction.
Visual evidence of marginal discoloration at the junction of the tooth
Charlie structure and the restoration, and the discoloration has penetrated along
the restoration in a pulpal direction.
R Alfa No visual evidence of dark, deep discoloration adjacent to restoration.
ecurrent
. Visual evidence of dark, deep discoloration adjacent to restoration. but it
caries Bravo
is not directly associated with cavosurface margins.
Explorer doesn t catch when drawn across the surface of restoration.
Alfa Toward the tooth, or, if explorer does catch, there is no visible crevice
along the periphery of the restoration.
Marginal Explorer catches and there is visible evidence of a crevice, into which the
integrity Bravo explorer penetrates, indicating that the edge of the restoration doesn t
adapt closely to the tooth structure. The dentin and/or the base is not
exposed, and the restoration is no mobile.
Charlie Explorer penetrates an crevice defect that extends to DEJ.
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mental filling group were inserted into proximal box
with two increments. The material was cured for 40
seconds per application.

3) Finishing and Polishing

The composite was finished with diamond finishing
burs. Final polishing was done with polishing points
and pastes(Enhance, Caulk, U.S.A.).

3. Evaluation

Restorations were evaluated at the 1 week later as
a baseline, and the recall was done at the 6 months
later. Clinical photographs and impressions were
taken at placement and at recall visits. Each restora-
tion was impressed with a polyvinyl siloxane impres-
sion material(Aquasil, Dentsply) and then casted
with a die stone to determine the extent of wear. In
addition, radiographic records were made of each
restoration to determine secondary caries and proxi-
mal contact.

Each restoration was directly evaluated by two
clinicians using the United States Public Health

Table 2. United State PUb|IC Health Service Crlterla (2)

Clinical Evaluation of High Density Posterior Composit

Service(USPHS) System(Table 1, 2). Devised by
Cvar and Ryge® in the 1970s, this system used a
direct evaluation method performed at chairside. The
two clinicians who evaluated the restorations were
never involved in the placement of any of the
restorations. Records from two clinicians should be
coincide more than 85% and when there is some
points that don't, they should discuss and find an
agreement.

Characteristics evaluated during the clinical study
included color match, marginal discoloration, sec-
ondary caries, marginal integrity, wear, proximal
contact, fracture, postoperative sensitivity, and gingi-
val health. At the baseline and 6 month recalls, the
results were recorded as Alfa, Bravo, and Charlie.

4. Statistical evaluation

Mann-Whitney U Test was used in detecting differ-
ences between filling methods(Total, Incremental)
and Wilcoxon Signed Ranks Test was used to detect
differences between recall times.

‘ e
The restoration is a contmua’uon of existing anatomlc form or is shghtly

flattened. It may be overcontoured. When the side of the explorer is

Alfa
placed tangentially across the restoration, it does not touch two opposing
cavosurface line angles at the same time.
wear A surface concavity is evident. When the side of explorer is laced tangen-
Bravo tially across the restoration, it touches two opposing cavosurface line
angles at the same time, but the dentin or base is not exposed.
Chali Loss of restoration substance so that a surface concavity is evident and
arlie
the base and/or dentin is exposed.
. Alfa The proximal contact is fully present.
Proximal P . o yp
contact Brav? The prox¥mal contact %s sh'ghjdy present.
Charlie The proximal contact is missing
Alfa No bulk fracture is present.
Fracture N
Bravo Bulk fracture is evident.
. Alfa There is no sensitivity.
Postoperative L . . L
sensitivit Bravo Sensitivity is transient(passing within 4wks after placement)
y . e e
Charlie Sensitivity is permanent.
Gingival Alfa No clinical inflammation is present.
health Bravo Clinical inflammation is present.
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Il . Results

At the baseline, color matching for Total filling
group revealed four teeth with Alfa, eleven teeth
with Bravo and three teeth with Charlie and color
matching for Incremental filling group revealed two
teeth with Alfa, thirteen teeth with Bravo, two teeth
with Charlie. At the 6 Months recall, the results
showed no change compared with those of
baseline(Table 3).

At the marginal discoloration evaluation, all of
restoration at the baseline were rated as Alfa and at
the 6 months later, one tooth of Total filling group
changed into Bravo and Incremental filling group
showed no change(Table 4).

At the proximal contact evaluation, all of restora-
tions at the baseline were rated as Alfa and at the 6

months later, two teeth of Total filling group and two
teeth of Incremental filling group were rated as
Bravo(Table 5). At the postoperative sensitivity evalu-
ation, all of restorations at the baseline were rated as
Alfa and at the 6 months later, Total filling group
revealed two teeth with Bravo and one tooth with
Charlie and Incremental filling group revealed two
teeth with Bravo and two teeth with Charlie(Table 6).

Regardless of filling method, all of the restorations
at the baseline and 6 months later were rated as Alfa
for marginal integrity, wear, recurrent caries, frac-
ture, and gingival health(Table 7).

There was no significant difference between the
baseline and 6 months later. At the 6 months recall,
there was no signigicant difference between the filling
methods.

Table 4. Marginal discoloration _

6 Months Baseline

4 Total Incre Total = Iner
Alfa 4 2 4 2 Alfa 18 17 17 17
Bravo 11 13 11 13 Bravo 0 0 1 0
Charlie 3 2 3 2 Charlie 0 0 0 0
Total 18 17 18 17 Total 18 17 18 17

Table 5. Proximal contact Table 6. Postoperative s s{it' it

line 6 Months Baselin '

- Total Incre . Inere
Alfa 18 17 16 15 Alfa 18 17 15 13
Bravo 0 0 2 2 Bravo 0 0 2 2
Charlie 0 0 0 0 Charlie 0 0 1 2
Total 18 17 18 17 Total 18 17 18 17

Table 7. Wear, Recurrent caries, Fracture Marginal
integrity, Gingival health

Baseline
Total
Alfa 18
Bravo 0
Charlie 0
Total 18

6 Months
Total Incre
18 17
0 0

0
18 17
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V. Discussion

Dental amalgam made of silver amalgam alloy and
mercury has been favorably used for past 150 years”™
¥, Even the use of amalgam has been reduced, it has
still many advantages such as durability, cheap-
ness"”, and easiness to fill cavities. Noxiousness of
amalgam is not fully elucidated™. It can be innocu-
ous when an expert manipulates it skillfully””. As
growing interest in materials which don t contain
mercury'>'”, researches of the use of composite resin
for posterior tooth restoration actively started to pro-
ceed.

Direct esthetic restorative material was first intro-
duced by Fletcher™ in 1871. It was widely used for
anterior tooth restoration at the first time because of
natural color and high esthetics. But low bio-compat-
ibility due to pulpal stimulation retarded the devel-
opment of that material. In mid 1940" s, PMMA (poly
methyl methacrylate) replaced silicate cement. It was
easy to select color similar to natural teeth and easy
to polish. But microleakage due to polymeration
shrinkage irritates pulpal tissue. In 1962, Ray
Bowen® created Bis~GMA macrofilled composite
which overcame this problem. Bis-GMA is a synthet-
ic material made from bispheno-A and glycidyl
methacrylate. Composite resin composed of Bis-GMA
has less polymerization shrinkage and better abra-
sion resistance than PMMA. Also, it is more resis-
tant to tarnish and keeps own shape better than sili-
cate cement, thus it has started to be used for
restoration of anterior teeth. As growing interest in
esthetics, composite resin was started to be used for
restorations of posterior teeth.

But there were still many problems in former com-
posite resin. One of them is that it is highly tech-
nique sensitive. There are many investigations show-
ing different views about posterior composite resin
filling”. When you fill cavities with composite resin,
we need a matrix to make a good shape. Different
with amalgam, it has flow and friable to change
shape. Even you place a matrix in a right place, it is
hard to make a good tooth shape, and tight contact
with adjacent tooth. It is shown in many papers, that
secondary caries can occur and spread faster in teeth
restored with composite resin'®. Marginal leakage
due to polymerization shrinkage allows bacteria to
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invade. As marginal deformation increases as time
goes on, secondary caries increases'®'”. Also,
Composite resin has higher ratio of recurrence of
caries” than amalgam because amalgam has sealing
effect of corrosional product. When you use composite
resin, you can overcome this problem using liner and
base. Former composite resin has less resistance to
abrasion so it was more easily abraded than amal-
gam®™. In 1994, Pink and his colleagues® said that
life of amalgam ranged 6 years to 11 years and com-
posite resin ranged 5 to 6 years, over 80% of wear
data for composite restorations were for relatively low
stress applications. Opposite to this, in some papers,
it was said that abrasion resistance of composite
resin was almost equal to amalgam™®. Composite
resin has 3 to 7% of polymerization shrinkage®, and
it diminishes adaptability to cavity walls, thus it
makes marginal leakage® which results in postoper-
ative sensitivity” and secondary caries” .

Due to the problems shown above the former com-
posite resin wasn t adequate to be used. Therefore, it
was necessary to create a material which has these
functions®. Firstly, preparation of cavities should be
conservative. Secondarily, own shapes of teeth
should be preserved, and has mechanical resistance.
Thirdly, good adaptation to walls and sealing should
be made. It should be bio-compatible and appropri~
ately durable.

Surefil(Caulk, U.S.A.) used in this study overcame
many problems of former composite resin. It is an
urethane modified Bis-GMA resin system, and the
filler components of Surefil restorative are consisted
of a precise blend of barium fluoro alumino borosili-
cate glasses and fumed silica of distinct particle size
distributions and morphologies. With an average
filler particle size of 0.8 microns combined with a
filler loading of about 82wt%. The most characteristic
point of this composite resin is the Interlocking
Particle Technology(IPT). When packed, the larger
particles mechanically interlock with the smaller par-
ticles, and it makes a lattice form which resists
deformation. Also, fluoride which prevents secondary
caries is released. It can be light—cured bmm in depth
once, therefore reduces operation time.

Prime & Bond NT(Caulk, U.S.A.) was used to
bond this high density posterior composite resin.
Since it is just one coating bonding agent which con-
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tains 100 times smaller filler than typical hybrid
resin which can penetrate into dentinal tubules and
microfilaments®™, it can strengthen resin matrix and
it is able to have superior adhesive strength to both
enamel and dentin, and maintain thin film thickness.

In this research, high density posterior composite
resin (Surefil, Caulk, U.S.A.) was used to evaluate if
composite resin could substitute amalgam and
resolve the problems which former resin had. We
compared Total filling groups with Incremental filling
groups in different evaluation times and filling meth-
ods. The method of test is applied by clinical evalua~
tion methods, United State Public Health Service
(USPHS) criteria, suggested by Cvar and Ryge® in
1971. This standard supplies a way of observing and
recording the differences between filling methods and
materials. And later, clinical photograph by Mahler®™
and wear test by Leinfeild® and other tests are
added to this criteria.

Baseline was taken 1 week after the treatment and
following up test was taken 6 month after baseline.
Sub-method of test is used by clinical photograph, x-
rays, and impression model. Impression is taken by
polyvinyl siloxane impression material, and wear test
is taken to the stone cast, and second caries and
proximal contact ratio is recorded by X-rays.

Since Surefil has only three colors(A2, B1, C2), it
is harder to select adequate color than other posterior
composite resins. Therefore, filling every tooth with
Alfa was impossible at baseline. In Total filling
group, four of eighteen teeth turned out to be Alfa,
The other teeth were recoded as Bravo and Charlie.
In Incremental filling groups, two of seventeen teeth
were recorded as Alfa and others were Bravo and
Charlie. But comparing test with 6 months from
baseline, measured values have not been changed. In
recurrent caries test, between baseline and test after
6 months, there was no difference and every value of
measure showed as Alfa. It is thought that there
may be some effect by fluoride continuously released
during the first year, which is a characteristic of
Surefil. At marginal discoloration test, in baseline
every tooth was Alfa. And after 6 months, in Total
filling group, one tooth was turned out to be Bravo,
and there was no change in Incremental filling group.
Marginal integrity, wear, and gingival healthy test
was taken with clinical test and impression cast.
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There was no change between baseline and a test
after 6 months. They were all Alfa.

At proximal contact test, all teeth were Alfa in
baseline, but in a test after 6 months, two teeth of
each group showed up as Bravo, and the others were
all Alfa. At postoperative sensitivity test, in baseline,
all teeth were Alfa. In a test after 6 months, Total
filling group had two Bravo teeth and one Charlie
tooth. In Incremental filling group, there were two
Bravo teeth and two Charlie teeth, and the rest of
them were Alfa teeth. Bravo teeth got symptom free
in 4 weeks and Charlie teeth were retreated again.

In statistical comparison with testing time, We
used Wilcoxon Signed Ranks Test. There was no sta-
tistical significance between baseline and 6 month
recall. In statistical comparison of filling methods
done 6 months after baseline, We used Mann-
Whitney U Test. There was no statistical significance
between Total filling group and Incremental filling
group.

In results of this research, there were some differ-
ences at values of number of teeth about Surefil. But
since there was no significance at statistical compari-
son of filling methods and testing time, Surefil could
be an appropriate material for posterior composite
resin. But the testing time has not been so long, that
it seems necessary to observe for a longer period.

V. Results

In this study, total 35 class II cavities in posterior
teeth were filled with Surefil and Prime & Bond NT:
proximal boxes of eighteen teeth were filled in a total
mass and those of seventeen teeth were filled in 2
increments. Their clinical behavior was evaluated
under the some standard based on the USPHS by 2
clinicians.

At baseline and 6 months recall, the results were
as follows:

1. At baseline, all of the restorations were rated as
Alfa except color matching.

2. At the end of 6 months recall, a few teeth of Total
filling group(except color matching item) were rat-
ed as Bravo or Charlie for proximal contact, mar-
ginal discoloration and postoperative sensitivity.
But there was no statistical difference between
baseline and 6 months recall.



. At the end of 6 months recall, a few teeth of

Incremental restoration group(except color match-
ing item) were rated as Bravo or Charlie for proxi-
mal contact and postoperative sensitivity. But
there was no statistical difference between base-
line and 6 months recall.

. At the end of 6 months recall, there was no sta-

tistical difference between Total filling and
Incremental groups.

Because the High density posterior composite
(Surefil, Caulk, U.S.A.) in all criteria except color
match was superiorly evaluated, it may be possible

to

use this as a Class II restorative material. It could

be concluded that we might be able to spare operat-
ing time from the fact of no difference between Total
filling and Incremental groups.
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