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Introduction
Posterior bulk-fill resin composite restorations have 
gained popularity in the past few decades. Composite 
resin materials, in general, undergo shrinkage during 
polymerization, resulting in shrinkage stress generation 
at the composite-tooth interface.1,2 Shrinkage is the 
reduction in volume of a material, while shrinkage 
stress is the force that results from that shrinkage. 
Both are outcomes of the polymerization process 
that occur when a resin monomer is converted into a 
resin polymer, and can drastically impact the success 

of the final restoration.3,4 Composite resins harden 
when they polymerize. During polymerization, the 
monomer molecules within the composite material 
come closer together as they form covalent bonds, 
replacing weaker van der Waals forces, and resulting 
in a smaller volume or shrinkage. In general, when 
composite is cured, it undergoes polymerization where 
the monomer molecules, that occupy more space due 
to their looser arrangement, are converted into tightly 
packed polymer chains, resulting in composite volume 
reduction.5
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In a prepared cavity where composite is bonded to its 
walls, polymerization of composite creates a highly 
restrained situation, where the polymerizing composite 
attempts to decrease its volume. Failing to reduce 
its volume causes complications; such as internal 
debonding, marginal gaps at the tooth-composite 
interface, post-operative sensitivity, and secondary 
caries, as well as potential stress on the tooth structure 
due to the forces generated by the shrinking material.6 
The bulk fill resin composites were introduced in the 
dental market in the last few decades. There has been 
an increased demand by dentists and dental patients for 
using these materials for direct restoration of posterior 
teeth. This is because of easy handling and placement, 
decreased chair-side time, improved depth of cure, 
and enhanced esthetic and mechanical properties.7

Restoration of deep posterior cavities with bulk-fill 
resin composites are accomplished using a single mass 
up to 4–5mm thick using the conventional bulk filling 
technique. These materials can simplify and speed up 
the process of restoring deep cavities. They are more 
translucent than conventional resins, that allows light 
to penetrate deeper and cure more efficiently. These 
materials contain chemical groups that reduce the 
stress caused by polymerization shrinkage.8-10 The 
current paper addresses the diagonal gap in semi-split 
bulk filling technique as crucial key to minimizing the 
external restraint, and allowing favorable unrestrained 
shrinkage in large posterior bulk-fill resin composite 
restorations.
The conventional bulk filling technique
Figure 1 illustrates the conventional bulk filling 
technique. Following the application and curing of 
the adhesive system on all prepared cavity walls and 
margins, the conventional bulk filling technique is 
used to routinely place a 4mm thick single mass of 
bulk fill resin composite in a large occlusal cavity, and 
is immediately light cured.11 

Polymerization of the cured composite mass results 
in connecting (bonding) the composite with the four 
surrounding cavity walls and floor. This connection 
may hold back the polymerizing composite mass from 
decreasing in size, upon shrinking. It is reasonable to 
refer to the four surrounding cavity walls and floor 
as “external restraint”. It is thought that the external 
restraint can prevent the polymerizing composite 
from moving freely, and reduce its volume. This type 
of shrinkage is referred to as “restrained” shrinkage, 

which can develop tensile stress that causes non-
uniform strain distributions in the composite mass 
and at the interface. If the tensile stress exceeds the 
tooth-composite interfacial bond strength, it results in 
movement of the polymerizing composite mass in a 
direction away from the adjacent cavity wall, towards 
the restoration center, and leads to negative clinical 
consequences, such as internal/marginal debonding, 
cuspal deflection and enamel micro-cracking. These 
negative consequences can lead to accelerated 
deterioration of composite restoration and reduce its 
longevity.12,13

Figure 1 The conventional bulk filling technique. A: A large occlusal 
cavity preparation in a mandibular molar; B: A single mass of bulk-fill 
resin composite, placed directly in the prepared cavity and followed 
immediately by light curing.

It is reasonable to hypothesize that the degree of 
external restraint could be influenced by the size and 
shape of a composite restoration, as well as the stiffness 
of the surrounding cavity walls. It is further reasonable 
to assume that if the cavity walls are too rigid, they can 
restrict the natural shrinkage of a composite mass as it 
hardens, and that this could potentially cause internal 
stresses in the composite and at the tooth-composite 
interface, leading to negative clinical consequences. It 
is believed that the external restraint can be minimized 
by physically separating the opposing buccal and 
lingual cavity walls during polymerization, and that 
this separation can be achieved by a temporary cut in 
the uncured composite mass. This cut divides the top 
half of the uncured composite mass into two segments, 
where each segment is connected to either the buccal 
or the lingual wall in addition to the adjacent proximal 
wall. The physical composite mass segmentation 
provides, upon light exposure, a suitable condition for 
favorable unrestrained shrinkage to occur, where each 
composite segment is allowed to shrink and move 
freely. This movement occurs in an outward direction 
from the gap center towards the adjacent interface, 
resulting in better adaptation of composite to cavity 
walls and margins, and leading to preservation of the 
marginal integrity of the restoration and the restored 
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tooth. “The temporary cut made to reduce external 
restraint corresponds to the “diagonal gap” in the 
semi-split bulk filling technique.
The semi-split bulk filling technique
Figure 2 illustrates the semi-split bulk filling technique. 
In this technique, the diagonal gap constitutes an 
integral part, and is created intentionally in an uncured 
single mass of bulk-fill resin composite, using a flat 
bladed plastic filling hand instrument with a rounded 
tip, in a push stroke. This gap is 1.5mm wide and runs 
diagonally on the composite surface, extending into 
the composite mass for a depth of 2mm. The created 
gap divides the top half of the composite mass into two 
separated segments, where each segment is bonded to 
either the buccal or the lingual wall in addition to the 
adjacent proximal wall. The segmented composite is 
then light cured for the first time.14–17 Then, closure 
of this gap is delayed for a period of 5 minutes.18 
During the delay period of gap closure, the segmented 
composite hardens and undergoes polymerization, 
where favorable unrestrained shrinkage is generated. 
As mentioned earlier, each polymerizing composite 
segment is allowed to undergo free movement from the 
gap center towards the adjacent cavity wall, resulting 
in better adaptation of composite to cavity walls and 
margins, and leading to preservation of marginal 
integrity of the restoration and the restored tooth, 
with absence or fewer occurrences of postoperative 
sensitivity and pain.15,16 Following the 5-minute delay 
period, the restoration is completed by closing the gap 
with the same composite and curing it for the second 
time.18,19 

Figure 2 The semi-split bulk filling technique. A: A created diagonal 
gap in un-cured single mass of bulk-fill resin composite placed in large 
occlusal cavity, followed by light exposure for the first. The gap is left 
open (unfilled) for a period of 5 minutes; B: Following the 5-minute 
delay period, the diagonal gap is closed (filled) with the same composite 
and cured for the second time.

Conclusions
The diagonal gap in the semi-split bulk filling technique 
can be considered as a crucial key to minimizing 
external restraint, and allowing favorable unrestrained 
shrinkage in large posterior bulk-fill resin composite 
restorations.

Acknowledgments
None.

Conflicts of interest
Authors declare that there is no conflict of interest.

References
1.	 Walls AW, McCabe JF, Murray JJ. The polymerization contraction 

of visible–activated composite resin. J Dent. 1988;16(4):177–
181.

2.	 Hegdahl T, Gjerdet N. Contraction stresses of composite resin 
filling materials. Acta Odontol Scand. 1977;35(4):191–195.

3.	 Marovic D, Tauböck TT, Attin T, et al. Monomer conversion 
and shrinkage force kinetics of low–viscosity bulk–fill resin 
composites. Acta Odontol Scand. 2015;73(6):474–480. 

4.	 Benetti AR, Havndrup–Pedersen C, Honoré D, et al. Bulk–fill 
resin composites: polymerization contraction, depth of cure, and 
gap formation. Oper Dent. 2015;40:190–200.

5.	 Pereira RA, Araujo PA, Castañeda–Espinosa JC, et al. 
Comparative analysis of the shrinkage stress of composite resins. 
J Appl Oral Sci. 2008;16:30–34.

6.	 Nascimento AS, Lima DB, Fook MVL, et al. Physicomechanical 
characterization and biological evaluation of bulk–fill composite 
resin. Braz Oral Res. 2018;32:e107.

7.	 Arbildo–Vega HI, Lapinska B, Panda S, et al. Clinical 
Effectiveness of Bulk–Fill and Conventional Resin Composite 
Restorations: Systematic Review and Meta–Analysis. Polymers.  
2020;12:1786.

8.	 Ilie N, Bucuta S, Draenert M. Bulk–fill resin– based composites: 
an in vitro assessment of their mechanical performance. Oper 
Dent. 2013;38:618–625.

9.	 Ilie N, Fleming G J. In vitro comparison of polymerisation 
kinetics and the micro–mechanical properties of low and high 
viscosity giomers and RBC materials. J Dent. 2015;43(7):814–
822.

10.	 Yu P, Yap A, Wang XY. Degree of Conversion and Polymerization 
Shrinkage of Bulk–Fill Resin–Based Composites. Oper Dent. 
2017;42(1):82–89.

11.	 Soares CJ, Faria–E–Silva AL, Rodrigues MP, et al. Polymerization 
shrinkage stress of composite resins and resin cements–What do 
we need to know?. Braz Oral Res. 2017;31(Suppl 1):e62. 

12.	 Alomari QD, Barrieshi–Nusair K, Ali M. Effect of C–factor and 
LED Curing Mode on Microleakage of Class V Resin Composite 
Restorations. European J Dent. 2011;5:400–408.

https://www.sciencedirect.com/science/article/abs/pii/0300571288900322
https://www.sciencedirect.com/science/article/abs/pii/0300571288900322
https://www.sciencedirect.com/science/article/abs/pii/0300571288900322
https://www.tandfonline.com/doi/10.3109/00016357709004654?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.tandfonline.com/doi/10.3109/00016357709004654?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.zora.uzh.ch/id/eprint/115894/1/25_Marovic_Tauböck_Bulk_ActaOdontoloScand_2015.pdf
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