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Clinical Relevance

Diastema closure with direct resin composites should be free of voids and establish proper
contact formation. Good results can be achieved with the pull-through technique and the
use of prefabricated matrices.

SUMMARY

This study evaluated the influence of three
different application techniques on contact
formation and voids in anterior resin compos-
ite restorations. Artificial ivorine teeth were
randomly assigned to three experimental
groups, with 20 specimens in each group.
One operator performed all restorations using
the Teflon tape, pull-through, or bioclear
matrix technique. The treatment time re-
quired for each restoration was recorded. An
examiner blinded to the treatment group
performed the visual evaluation of six crite-

ria, including proper contact formation. The

restored teeth were cut to yield a total of 180

sections for microscopic evaluation. The

Kruskal-Wallis procedure was performed to

evaluate the significance of treatment time,

number of voids, percent porosity area, and

void diameter. There were significant differ-

ences in treatment time among the three

groups (p,0.05). The bioclear matrix tech-

nique required the least time for the treat-

ment of one diastema closure (p,0.05). The

Teflon tape technique resulted in proper con-

tact formation in 80% of specimens, a rate that

was significantly lower than that associated

with the pull-through and bioclear matrix

techniques (p,0.05). Out of 540 imaging areas

160 images were free of voids. The number of

voids and the percent porosity area were not

significantly different among the three tech-

niques (p.0.05). However, the mean void di-

ameter was greater with the bioclear matrix

technique compared to the other two tech-

niques (p,0.05).
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INTRODUCTION

Diastema closure with direct resin composite resto-
rations can be a conservative treatment modality to
improve the appearance of a smile. Direct resin
composite bonding may lack the permanence of
indirect veneers and full coverage restorations.
However, conservation of sound tooth structure,
shorter treatment time, ease of repair, and the low
cost of the treatment compared to other treatment
modalities are distinct advantages of direct bond-
ing.1

Diastema closures in the anterior dentition can be
accomplished without the use of a matrix or wedge,
thus providing better control of proximal contours in
the gingival embrasure areas.2 In these cases, a
Teflon tape is commonly used to prevent bonding to
the adjacent tooth. A tight and properly contoured
contact can also be achieved using a ‘‘pull-through’’
matrix technique, whereby a strip is pulled from the
facial toward the lingual to push the resin material
through the proximal to form a smooth contour
adapted properly to the adjacent tooth.1,3 Another
approach is to use custom fabricated matrices with a
combination of flowable composite and a syringeable
composite filling technique.4

Success with resin composite restorations requires
a disciplined technique, and the restorative dentist
seems to have the greatest effect on longevity.5

Proper contact formation and margin adaptation
may be considered as critical steps in the treatment
of space closure using direct resin composite resto-
rations. The use of a proper application technique
should ideally establish a tight contact and a
restoration free of voids and porosities.

The influence of various application procedures on
cavity wall adaptation and void formation has been
investigated on posterior Class I and Class II
cavities.6-9 This is an important issue since many
studies consider the presence of voids and porosities
to be disadvantageous to the restoration. First, voids
compound the problem of producing a smooth
surface to a composite restoration.10 Second, voids
result in a lower resistance to fatigue that may
influence durability.11 Third, flaws introduced dur-
ing the clinical handling of resin composites will
have a negative effect on the flexural strength of the
material.12 Fourth, increased void content leads to
an increase in polymerization shrinkage, predispos-
ing restorations to marginal leakage, staining, and
secondary caries.13

The injection of a syringeable composite has been
reported7,8 to result in a better restoration with less

voids compared to a packing technique with a highly
viscous composite in posterior Class I restorations.
The use of uncured flowable composite with a layer
of medium-viscous composite injected—referred to as
the ‘‘snow-plough technique’’—produced the most
homogeneous restoration in small posterior cavities.9

However, there is a lack of information on the
comparison of different application techniques with
regard to the formation of voids in anterior restora-
tions. Thus, the purpose of this study was to evaluate
the influence of three different application tech-
niques on the contact formation and voids in anterior
resin composite restorations on simulated diastemas
in artificial ivorine teeth. The null hypotheses to be
tested were that there would be no differences
among the three techniques in 1) the treatment time
required, 2) establishment of proper contact and
contour, and 3) void formation within the resin
composite restorations.

MATERIALS AND METHODS

Specimen Preparation

Sixty artificial ivorine teeth (#9) were marked with a
pencil to enable standardization of a 1.5-mm mesial
diastema when trimmed with a model trimmer
(Orthodontic model trimmer, Whip MixAE, Louis-
ville, KY, USA). In order to facilitate bonding, air-
polishing (Prophy-Jet, Dentsply, York, PA, USA)
was performed on the trimmed surface. The teeth
were randomly assigned to three experimental
groups, with 20 specimens in each group, and
mounted on a phantom-head dentoform (Columbia
Dentoform Corp, Long Island, NY, USA).

Application Techniques

Table 1 summarizes the step-by-step procedure for
the three different application techniques, and Table
2 summarizes the restorative materials used.

Group A (Teflon Tape Technique)—The adjacent
tooth (#8) was wrapped around with a Teflon tape
(Teflon plumbers tape, Westbrass, Los Angeles, CA,
USA) to prevent inadvertent bonding. A one-compo-
nent, self-etching, light-cured dental adhesive (Bond
Force Kit, Tokuyama Corporation, Tokyo, Japan)
was applied and rubbed onto the surface (20 seconds)
and light-cured (20 seconds). A syringeable compos-
ite (Estelite Omega PLT, Tokuyama Corporation)
was injected from the labial and the lingual and
sculpted with a composite placement instrument
(Gold Microfil, Almore International Inc, Portland,
OR, USA), followed by light-curing for 40 seconds
with an LED light-curing unit (Valo-light: 1717 mW/
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cm2; Ultradent Products Inc, South Jordan, UT,

USA). The restoration was finished with contouring

discs (Soflex kit, 3M, St Paul, MN, USA) and strips

(Epitex strips, GC America Inc, Alsip, IL, USA).

Group B (Pull-Through Technique)—On application

of the syringeable composite, the bulk of composite

was first pulled from the lingual to the facial with a

celluloid strip (Celluloid strip, GC America Inc).

After sculpting and light-curing the procedure was

repeated from the facial toward the lingual. The

restoration was sculpted, light-cured, and finished.

Group C (Bioclear Matrix Technique)—A prefabri-

cated matrix (Bioclear diastema closure matrix,

Bioclear, Tacoma, WA, USA) was stabilized into
the gingival area. A flowable composite (Estelite
Flow Quick, Tokuyama Corporation) was injected
into the cervical area and light-cured. Tooth separa-
tion was performed with a wedge (G-Wedge, Garri-
son Dental Solutions, Spring Lake, MI, USA). A
small amount of flowable resin was injected followed
by a syringeable composite to fill the matrix and the
restoration was light-cured. The matrix was gently
removed and the restoration finished.

One operator with 20 years of clinical experience
performed all 60 restorations. The application and
finishing time required for each restoration were
recorded.

Visual Evaluation of Contact Areas,
Embrasures, and Line Angles

The evaluation criteria for proper formation of
contact areas, embrasures, and line angles are
summarized in Table 3. An examiner blinded to the
treatment group performed the evaluation of the six
criteria with a dental loupe (2.53 magnification).
Each criterion was determined to be either correct or
an error, with one point given to a correct criterion.

Microscopic Evaluation of Porosity Formation

On completion of the visual evaluation tooth #9 was
removed from the model and mounted on a section-
ing machine (TechCut 4, Allied High Tech Products
Inc, Compton, CA, USA) to prepare three 0.5-mm
sections representative of the incisal, middle, and
gingival areas. Figure 1 illustrates the location of the
sections relative to the incisal edge and the labial
cervical line. The sections were sequentially polished
with special silicon carbide grinding papers (Micro-
cut, grit 400, 600, and 1200; Buehler, Lake Bluff, IL,
USA) to a thickness of approximately 200 lm.

A total of 180 polished sections were viewed under
the microscope at 203 magnification (Olympus BH2,
Olympus Corporation, Tokyo, Japan), and images
were taken at three different areas per section.
Figure 2 illustrates the imaging location. Each area
was measured for number of voids, void diameter,
total viewing area, and total porosity area with
image J analysis software (National Institutes of

Table 1: Step-by-Step Protocol by Application Technique

Group Step-by-Step Protocol

A: Teflon tape
technique

1. Teflon tape is placed around #8

2. Resin adhesive is applied on #9 and light-
cured (LC)

3. Resin composite is placed on #9, sculpted,
and LC

4. Teflon tape is removed from #8

5. Gingival margin is shaped with #12 scalpel
blade

6. Restoration is finished and polished

B: Pull-through
technique

1. Resin adhesive is applied on #9 and LC

2. Celluloid strip is placed and resin
composite applied on #9 and sculpted

3. Strip is pulled from lingual to facial,
composite contoured with brush, and LC

4. Celluloid strip is placed and resin
composite applied and sculpted

5. Strip is pulled from facial to lingual,
composite contoured with brush, and LC

6. Restoration is finished and polished

C: Bioclear matrix
technique

1. Bioclear diastema closure matrix is placed
mesially to #9

2. Resin adhesive is applied on #9 but not LC

3. Flowable composite is injected into the
cervical area and then LC

4. Tooth separation is created with a wedge

5. Adhesive resin, flowable composite, and
paste composite are placed and LC

6. Bioclear diastema closure matrix is
removed

7. Restoration is finished and polished

Table 2: Restorative Materials Used in this Study

Material Manufacturer Mean Filler Size, nm Filler Content, vol% Color Lot No.

Bond Force Kit Tokuyama Corporation, Tokyo, Japan — — — 108EY2

Estelite Flow Quick Tokuyama Corporation, Tokyo, Japan 300 53 A1 070EY2

Estelite Omega PLT Tokuyama Corporation, Tokyo, Japan 200 71 EA1 006E41
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Health, Bethesda, MD, USA) (Figure 3). The percent

area of porosity was calculated with the following

equation:

Percentage ð%Þ porosity ¼ total porosity area=

total viewing area 3 100:

As a control procedure five preloaded composite

tips and one flowable composite syringe were

evaluated for porosities. Five millimeters of the tip

was removed with a blade and the composite inside

was light-cured for 60 seconds. The cured composite

was removed from the tip or the syringe, sectioned,

and polished to prepare three 200-lm–thick sections

for microscopic evaluation.

Statistical Analysis

The nonparametric Kruskal-Wallis procedure with

Bonferroni pairwise post hoc comparisons was

performed to evaluate the distribution of the total

treatment time, number of voids, percent porosity

area, and mean void diameter. Chi-square tests were

used to compare the proportion of samples demon-

strating contact among the three techniques. All

tests of significance were two-sided and were

conducted at an alpha level of 0.05 with SAS v

9.1.3 (SAS Institute, Cary, NC, USA).

RESULTS

Treatment Time

Kruskal-Wallis test followed by pairwise compari-
sons showed significant differences in application,
finishing, and total treatment times among the three
groups (p,0.05) (Table 4). The bioclear matrix
technique required the least time for the treatment
of one diastema closure (p,0.05).

Visual Evaluation of Contact Formation

The Teflon tape technique demonstrated contact
formation in 80% of specimens, which was signifi-
cantly lower than in 100% of the pull-through and
bioclear matrix technique specimens (p,0.05) (Table
5). The embrasure and line angle criteria produced
almost no errors with all three techniques so no
statistical analysis was performed.

Evaluation of Porosity Formation by
Technique

Microscopic evaluation of the composite sections
taken from five preloaded tips and one flowable
composite syringe showed that the materials were
free of porosities. The voids in the restorations were
spherical in shape and occurred mainly along the

Table 3: Evaluation Criteria for Contact Area, Embrasures, and Line Angles

Criteria Correct Error

Mesial contact Visual contact, correct width and position, tight Wide narrow, too incisal, too gingival, too facial, too lingual, irregular, loose

MF embrasure Normal contour following adjacent tooth Closed, open, irregular

MF line angle Correct shape and position Too straight, too angled, too sharp, too round

MG embrasure Normal contour following adjacent tooth Closed, open, irregular

MI embrasure Normal contour following adjacent tooth Closed, open, irregular

ML embrasure Normal contour following adjacent tooth Closed, open, irregular

MF: mesio-facial; MG: mesio-gingival; MI: mesio-incisal; ML: mesio-lingual

Figure 1. Design of diastema closure and sectioning of tooth. Figure 2. Imaging areas on sections.
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artificial tooth and adhesive/resin composite inter-
face (Figure 4).

Out of 540 imaging areas 160 images were free of
voids. The number of voids and the percent porosity
area were not significantly different among the three
techniques (p.0.05). However, the mean void diam-
eter was greater with the bioclear matrix technique
compared to the Teflon tape and pull-through
techniques (p,0.05). The mean values and standard
deviations (SDs) of porosity data by technique and
location are summarized in Table 6 and illustrated
as box plots in Figures 5 through 7.

DISCUSSION

This phantom-head dentoform setup in a clinical
laboratory reflects the porosities related to different
techniques under ideal circumstances and indicates
that the clinical handling with challenges of the oral
environment may result in different, less favorable
results.

The composites selected for this study were shown
to be free of porosities when cured from within the
syringe or tip. This finding is in accordance with

those of the study of Opdam and others,8 in which
the unused tip of a composite was used as the
control. However, other studies10,14,15 in which the
composite material was extruded from the syringe
showed microporosities. The authors of these studies
stated that voids are mainly introduced as the
material is extruded through the orifice of the
syringe.

This study measured the number of voids, percent
porosity area, and the void diameter. The mean
number of voids and the mean percent porosity area
(�1.0%) were relatively small so that homogeneous
restorations could be achieved with all three tech-
niques used.

Clinically, the void diameter can be considered
most important, since large voids may lead to a lower
resistance to fatigue and decreased wear resistance.8

Interestingly, there was no difference among the
three techniques in terms of the number of voids and
the percent porosity area, whereas the bioclear
matrix technique exhibited significantly larger voids
in diameter. One explanation for this difference may
be the use of a combination of flowable and
syringeable composite in the middle area that may
be more prone to air entrapment, resulting in the

Figure 3. Calculation of total viewing area (red) and total porosity
area (yellow) with Image J software.

Table 4: Application, Finishing, and Total Treatment Time
Values [Mean (standard deviation [SD])] in
Minutes, by Techniquea

A: Teflon
Tape

B: Pull-
Through

C: Bioclear
Matrix

Application time 8.9 (1.7) A 12.5 (1.7) B 6.1 (1.2) C

Finishing time 4.8 (0.6) A 2.3 (0.4) B 5.3 (0.7) A

Total treatment time 13.6 (1.8) A 14.7 (1.7) A 11.4 (1.3) B

a Within a row, same letters indicate means that are not statistically different
(p.0.05).

Table 5: Frequency of Contact Formation by Techniquea

Technique Total

A: Teflon
Tape

B: Pull-
Through

C: Bioclear
Matrix

No contact 4 0 0 4

Contact 16 20 20 56

Total 20 20 20 60
a Pearson chi-square = 8.571 (df=2), p = 0.014.

Figure 4. Voids along tooth and adhesive/restoration interface.
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formation of larger voids with the bioclear matrix
technique. This explanation is contrary to the results
in occlusal preparations, in which the use of the
‘‘snow-plough technique’’ produced the most homo-
geneous restoration.9 This discrepancy might be
explained by the ability to apply pressure and by
the better access to Class I cavities, whereas there is
only limited access of the syringe in the anterior
region, limited partly by the prefabricated matrix.

The use of a small amount of composite rolled into
the shape of a ball and subsequently applied with a
composite applicator may facilitate access and

reduce the void diameter when using the bioclear
matrix technique.

Opdam and others7 showed differences in porosity
within the composite by the type of operator. The
dental student operator produced the best results.
The authors speculated that this was due to the fact
that students are more likely than general practi-
tioners to follow the protocol. In our study, one
operator performed all of the restorations, which also
explains the relatively small SDs in treatment time
and percent porosity area. Further studies should be
performed to evaluate which technique is more

Table 6: Number of Voids, Percent Porosity Area, and Void Diameter [Mean (standard deviation [SD])] by Technique and
Locationa

Location A: Teflon Tape B: Pull-Through C: Bioclear Matrix

Number of voids Incisal 2.22 (3.64) 2.40 (2.90) A 2.65 (2.58) A

Middle 2.62 (3.04) a 4.27 (4.82) bB 4.22 (3.39) bB

Cervical 2.67 (2.61) 2.58 (2.08) A 1.88 (2.57) A

Total 2.50 (3.12) 3.08 (3.55) 2.92 (3.02)

Percent porosity area Incisal 0.94 (1.54) 0.86 (1.15) 1.10 (1.27) A

Middle 1.02 (1.16) ab 0.92 (1.11) a 1.49 (1.38) bA

Cervical 0.95 (1.11) 1.14 (2.00) 0.70 (1.12) B

Total 0.97 (1.28) 0.97 (1.47) 1.10 (1.29)

Void diameter, lm Incisal 26.58 (33.46) a 26.96 (28.20) a 37.91 (33.46) bA

Middle 31.95 (25.07) a 26.63 (23.19) a 43.40 (31.20) bA

Cervical 30.10 (27.85) 31.73 (27.22) 25.56 (32.06) B

Total 29.54 (28.93) a 28.43 (26.25) a 36.62 (32.93) b
a Within rows, different lowercase letters indicate means that are statistically different (p,0.05); within columns, different uppercase letters indicate means that are
statistically different by location (p,0.05).

Figure 5. Box plots of number of voids by technique and location (o,
outliers; *, extreme data points).

Figure 6. Box plots of percent porosity area by technique and
location (o, outliers; *, extreme data points).
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easily learned and applied by operator type. Future
studies may also include different types of applica-
tion techniques that have not been addressed in this
study.

Proper contact formation is essential for the
esthetics and function of a diastema closure. The
frequency of contact formation was less with the
Teflon tape technique compared to the other tech-
niques. We suggest pre-wedging to improve the
outcome with the Teflon tape technique. The dento-
form setup is limited in simulating the elasticity of
periodontal ligaments in vivo. However, the artificial
gingiva and minute movement of artificial teeth in
the socket enable the use of pre-wedging.

Based on the results, the treatment time for a
single diastema closure was significantly smaller
using a prefabricated matrix, leading to the rejection
of our first null hypothesis. The second null
hypothesis was rejected, since the pull-through and
bioclear matrix techniques provided better contact
than did the Teflon tape technique. The third null
hypothesis was partly rejected, as the void diameter
in the composite restoration was larger in the
bioclear matrix group compared to the other two
technique groups.

CONCLUSIONS

Diastema closure with direct resin composites
should be void-free and should establish proper
contact formation. The results of this study showed
that void-free restorations were difficult to obtain.

However, all application techniques used produced
relatively homogeneous restorations. The best re-
sults in contact formation could be achieved with the
pull-through and bioclear matrix techniques.
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