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ABSTRACT

Purpose: This study investigated the effect of metal versus transparent matrix systems on 
proximal contact tightness (PCT) of class II bulk-fill composite resin restorations. 

Methods: 80 Ivorine teeth with standardized MO cavity preparations were randomly divided 
into 4 equal groups (n=20). Group1; sectional metal matrix, group2; pre-contoured circumferential 
metal matrix in a Tofflemire retainer, group3; conventional metal matrix in a Tofflemire retainer, 
and group4; Blue Cure-Thru transparent contoured matrix band. All matrices were combined with 
a separation ring and secured with wooden wedges. Cavity preparations were restored with bulk-
fill composite resin; SonicFill 2 with the corresponding bonding system following manufacturer’s 
instructions. Composite material cured for 20s using Elipar S10 light curing unit. Teeth were 
restored in a clinically relevant situation using KaVo manikin head. After matrix and wedge 
removal, proximal contact tightness was measured using the Tooth Pressure Meter. Means were 
calculated and data were statistically-analyzed using ANOVA and Tukey’s test (p<.05). 

Results: Means and standard deviation for proximal contact measurements were: 7.62 (.52), 
4.01 (.74), 4.13 (.4) and 2.74 (.37) for groups 1, 2, 3 and 4 respectively. There was a statistical 
significant difference among all groups except between group2 and 3. 

Conclusions: Under the conditions of this test, it can be concluded that: 1. Proper proximal 
contact tightness for bulk-fill posterior composite restorations could be produced by sectional metal 
matrix rather than transparent matrix. 2. Pre-contoured circumferential metal matrix produced the 
same proximal contact tightness as conventional metal matrix when both used with a separation 
ring.

KEYWORDS: Bulk-fill Composite, Proximal Contact Tightness, Dental Matrices, Tooth Pres-
sure Meter. 

Clinical Relevance Transparent matrices couldn’t be recommended for bulk-fill posterior com-
posite restorations rather than metal matrices.
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INTRODUCTION 

Nowadays there is an increased emphasis 
on esthetics in dentistry. This is due to the great 
evolution of mechanical properties of aesthetic 
restoratives together with the improvement of 
adhesive systems. Consequently, tooth-colored 
materials application in posterior teeth is replacing 
metallic restorations. Dental composites are 
becoming the material of choice for direct posterior 
restorations due to its adhesive capacity which 
enables the material to be more conservative and 
to reinforce the restored teeth. Furthermore, certain 
problems are still faced with posterior dental 
composites despite of the tremendous improvement 
in the physical and mechanical properties as well as 
techniques of placement of such material. Obtaining 
ideal proximal contacts for posterior composite 
restorations is one of the challenges that a clinician 
has to face. This is because of the fact that composite 
is a non-condensable and has polymerization 
shrinkage as an inherent property which leads to 
decreased adaptation at the contact area and contact 
pressure to adjacent tooth. Failure to obtain ideal 
contact usually results in food impaction, carious 
lesions, periodontal complications and tooth 
migration. [1-4]

Recently, reproduction of proper contact point 
for proximal composite restorations has been 
developed using different matrix systems. These 
include pre-contoured matrices, circumferential 
matrix systems with metal or transparent plastic 
bands and sectional matrix systems. [3-8]

The incremental technique of posterior 
composites enhances complete polymerization due 
to light penetration of the material and subsequently 
reduces overall polymerization shrinkage stresses. 
However, this technique has the drawback of being 
time-consuming, therefore manufacturers have 
launched recently a variety of posterior composite 
materials which may be applied in single increment 
up to 4-5mm known as “bulk-fill composites” 

to reduce the time needed for restorations and 
simplify the restorative procedures especially in 
large posterior restorations. The placement of these 
larger increments of bulk-fill composite allows for 
homogeneous increment thicknesses and thereby 
reduces technique sensitivity. Therefore, currently, 
bulk-fill restoratives are clinically preferred. [9-12]

This in vitro study evaluated four different matrix 
systems in measuring the proximal contact tightness 
achieved in Class II bulk-fill resin composite 
restorations. 

MATERIALS AND METHODS

A total of 80 ivorine lower left first molars (Kilgore 
International, Coldwater, MI, USA) were used in the 
current study. Standardized MO-cavity preparation 
were prepared with the following dimensions; 2.5 
x 3.0 x 4.0 mm for the occlusopulpal, mesiodistal, 
and buccolingual respectively in the occlusal part, 
while the dimensions for the proximal part were 4.0 
x 2.0 x 5.0 mm occlusogingival, mesiodistal and 
buccolingual respectively. [5,7,13-16] Following cavity 
preparations, teeth were equally and randomly 
divided into four equal groups (20 specimens each) 
according to the type of matrix systems used (Table 
1). A separation ring (Composi-tight, Garrison 
Dental Solutions, USA) was used with all matrices. 
Wooden wedges (Premier Dental Products, USA) 
were used to secure different matrices and fitting of 
matrix band at the gingival margin of the proximal 
box of each specimen was checked using an explorer. 
Cavity preparations were restored with bulk-fill 
composite resin; SonicFill 2 (Kerr Corporation) 
using the corresponding bonding system following 
manufacturer’s instructions. Composite material 
was applied in bulk (4mm) and cured from occlusal 
direction at zero distance for 20s using Elipar S10 
(3M/ESPE, USA) light curing unit (light intensity 
1200 mW/cm²). The light intensity was calibrated 
every five curing sessions using a radiometer 
(Demetron, Kerr, USA). No finishing or adjustment 
was done for restorations to avoid proximal surface 
changes. A manikin model (Kavo Dental, Germany) 
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was used in all restorative procedures to simulate 
clinical conditions. After matrix and wedge removal, 
the manikin model was removed from the manikin 
head after restorative procedures and replaced 
in a custom-made setup to standardize proximal 
contact measurements (Figure 1). Proximal contact 
tightness was measured by the Tooth Pressure 
Meter (TPM); a device that was invented at the 
University of Technology Delft in the Netherlands 
and was previously used in other studies. A metal 
strip (0.05 mm thick) was used in this device and 
entered occlusally at interdental area to measure the 
tightness of the proximal contact when the strip is 
removed occlusally as the maximum frictional force 
(N). A special protocol was applied to decrease 
varieties in proximal contact measurements because 
of repositioning of the tooth in the manikin model. 
Three sequential readings were taken for measuring 
the site and then the mean value was recorded. A 
measurement is considered to be a failure when the 
result surpassed the most extreme (preset) range 
of 0.5 N between the three readings. A custom 
composed program in Excel (MS Office 2007 for 
Windows) was utilized to collect data and develop 
diagrams relating force to seconds. [5,7,13-17] 

Statistical analysis was performed with SPSS 
(SPSS 16, Inc, Chicago, IL, USA) using one-way 
ANOVA followed by Tukey’s post hoc test to de-
termine differences in proximal contact tightness 
between groups. The level of significance was set 
at P<0.05.

Fig. (1) Custom-made setup for measurements standardization 
using the Tooth Pressure Meter

TABLE (1) Different tested groups for the current study

Groups Matrix systems Thickness Manufacturer

Group1 Sectional metal matrix 0.038 mm thick Standard matrix, Palodent, Dentsply

Group2
Pre-contoured circumferential metal matrix in a 
Tofflemire retainer

0.038 mm thick KerrHawe 1101-c, Kerr Corporation

Group3 Conventional metal matrix in a Tofflemire retainer 0.038 mm thick
Hawe Tofflemire matrices, Kerr 

Corporation

Group4
Blue Cure-Thru transparent contoured matrix 
band

0.075 mm thick Premier Dental Products, USA

RESULTS

Table (2) shows means and standard deviations 
(S.D.) of PCT values recorded for the four experi-
mental groups as follows; 7.62 (0.52), 4.01 (0.74), 
4.13 (0.4) and 2.74 (0.37) for groups 1, 2, 3 and 4 
respectively. It is worthy to mention that PCT value 
recorded for gp1 showed the highest measurement 
among all the other groups, while the lowest mea-
surement value was recorded by gp4. PCT values 
for gp2 and gp3 were comparable. (Figure 2) 

There was a statistical significant difference 
(p<0.05) among all groups except between gp2 and 
gp3. 
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TABLE (2) Means and standard deviations of PCT (N) 
for the effect of different matrix systems 
on proximal contact tightness. Different 
symbols (a, b, and c) indicate statistically 
significant differences between groups 
(analysis of variance; p<0.05).

Matrix systems Mean ± S.D. P 

Sectional metal matrix
(Gp1)

7.62 ± 0.52 a

Pre-contoured Circumferential 
metal (Tofflemire) matrix
(Gp2)

4.01 ± 0.74 b

Conventional metal matrix
(Gp3)

4.13 ± 0.4 b

Blue Cure-Thru transparent  
contoured matrix band
(Gp4)

2.74 ± 0.37 c

S.D.	 = Standard deviation.

P	 = Probability level for the effect of groups on the 
proximal contact tightness.

Same letter within each column are not significantly 
different at p<0.05.

DISCUSSION

In the present study the influence of different 
metal versus transparent matrix systems on the PCT 
of bulk-fill composite restorations was investigated. 
The design of the current cavity preparation with a 
wide proximal measurement created an increased 
challenge to the clinician and the restorative 
techniques as well in obtaining proper PCT. In the 
current study, the in-vitro setup used was matching 
that of several studies and proved to obtain clinically 
relevant results. [5,7,13-17]

The use of separation ring was because it is 
proved by many clinical and in-vitro studies that 
the reversible interdental separation is the key in 
reproducing proper PCT of class II resin composite 
restorations, they explained this as separation rings 
create reversible separation force vectors at the 
proximal contact, which remains stable when the 
ring is active and relapses when the ring is removed. 
[2,7,13,15,18] 

Bulk-fill composites are, currently, clinically 
preferred as the time needed for restorations is 
reduced and the restorative procedures are simplified 
especially in large posterior composite restorations. 
Manufacturers claimed that bulk-fill composites 
could be cured up to 4-5mm with decreased 
polymerization shrinkage stresses and increased 
translucency by decreasing light scattering at the 
filler–matrix interface. Three different categories 
for bulk-fill composites are present according to 
different viscosities; low-viscosity (flowable), 
variably viscous and highly viscous bulk-fill resin 
composites. [9,10,11,19] SonicFill 2 is a novel bulk-
fill composite resin with a special delivery system 
(special handpiece that produces sonic energy) used 
to perform filling of cavity preparations in bulk up 
to 5mm by decreasing viscosity (variable viscosity). 
According to the manufacturer, energy from the 
SonicFill 2 instrument reduces the composite’s 
viscosity (temporarily reduces the viscosity by 
87%) in a way that makes it easier for the provider 
to inject into the tooth’s preparation and adapt to 

Fig. (2) Mean PCT values for different tested groups
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the tooth surface. The mean application time of 
composite material with the SonicFill 2 system was 
39 seconds versus 3:34 minutes with conventional 
composite. [20,21]

As shown in the results of the current study, 
sectional matrix showed the highest PCT values 
with a statistical significant difference (p<0.05) in 
relation to the other groups. This was in agreement 
with the previous studies who found that the use of 
sectional matrix band with separation ring leads to 
a very predictable way of achieving ideal proximal 
contacts. [2-8][13][14][18] This may be explained as in 
case of sectional matrix, the thickness of the band 
that will be compensated for better PCT is of course 
less than the that with the use of circumferential 
band.

The present study revealed that there was 
no significant difference (p<0.05) between pre-
contoured and conventional circumferential metal 
matrix systems and this may be explained as both 
systems were in use together with the separation 
ring in the current study thus may eliminate the 
differences that may be there due to the pre-
contouring effect. This was in disagreement with 
other studies who found that pre-contoured matrix 
bands had tighter proximal contact than flat matrix 
bands. [22-24]

The transparent matrix band revealed the lowest 
PCT values which were significantly different 
(p<0.05) from all the other groups; this may be 
due to the fact that the thickness of the type of 
the transparent matrix used was increased (0.075 
mm thick) than that of the other groups. This was 
in agreement with Müllejans et al in 2003, who 
explained this as metal matrices are superior in that 
they can be better adapted and firmly applied to 
the tooth surface furthermore from an anatomical 
viewpoint; the metal matrix holds the proximal 
contour better than its transparent counterpart. [25] 
Another study found that after 1 year of clinical 
service, a decrease of proximal contacts quality was 
shown with restorations placed with transparent 

matrices. [22] This was in disagreement to other 
studies who found that there was no significant 
difference between the metal and the transparent 
matrix. [1,22,26,27] 

Proximal contact tightness is used to be evalu-
ated clinically by passing dental floss interdentally 
and recording the proximal contact tightness as ‘sat-
isfactory’, ‘acceptable’ or ‘unacceptable’. [28-31] This 
technique is considered unreliable for measurement 
of minor changes in contact tightness and is often 
considered to be more subjective. Therefore, TPM 
device was used in this study. It was invented at the 
University of Technology Delft in The Netherlands 
according to the principles described by Dörfer et 
al. [32] This device is considered more reliable meth-
od to evaluate PCT and has been implemented in 
many laboratory and clinical studies to objectively 
measure minor changes. [5–7,13–18,24]  
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CONCLUSIONS

Under the conditions of this study, it was con-
cluded that:

1.	 Proper proximal contact tightness for bulk-fill 
posterior composite restorations could be pro-
duced by sectional metal matrix rather than 
transparent matrix.

2.	 Pre-contoured circumferential metal matrix and 
conventional metal matrix produced the same 
proximal contact tightness when both used with 
a separation ring.
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