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Abstract

direct occlusal bulk-fill resin composite restorations.

The bulk-fill resin composites have several advantages, which include reduced chair time, better handling,
and good mechanical properties and durability. However, these materials undergo shrinkage upon curing and
polymerization. The generated stresses could lead to adhesive failures, microleakage, and secondary caries. The bulk-
fill resin composites are routinely placed in prepared occlusal cavities using the bulk filling technique. This technique
results in issues such as debonding, internal and marginal gap formation, and microleakage, as well as secondary
caries, and post-operative sensitivity. A three-step diagonal gap concept is presented in the current paper as a shift
in the original semi-split bulk filling technique for managing polymerization shrinkage stresses and marginal gaps in

Introduction

Resin composites are widely used in restorative
dentistry for direct restoration of carious cavities and
defects in teeth. These materials are composed of a
resin matrix and filler particles [1,2]. The bulk-fill resin
composites are a new class of materials that offer a
more efficient way to restore deep cavities and save the
chair time as they can be placed in a bulk of 4-5 mm [3].
Upon curing, these materials undergo polymerization
shrinkage [4,5]. This shrinkage generates stresses that
cause issues at the tooth-restoration interface; such as

debonding, internal and marginal gap formation, and
cuspal deflection, resulting in microleakage, secondary
caries, and postoperative sensitivity as well as persistent
pain [6-10].

The objective of this paper is to provide an overview
of the three-step diagonal gap concept within the semi-
split bulk filling technique, applied for direct placement
of bulk-fill resin composites in deep occlusal cavities. In
general, restoration of cavity preparation with composite
resins starts by applying an adhesive system to all cavity
walls and curing it. When using the traditional bulk filling
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technique for restoring a deep occlusal cavity single mass
(4 mm thickness) of bulk-fill resin composite is placed over
the adhesive to fill the cavity, and is cured [3], as illustrated
in Figure 1A. Whereas, when using the semi-split bulk
filling technique for restoring a similar cavity preparation, a
single mass of similar thickness of bulk-fill resin composite
is placed over the adhesive to fill the cavity, but it is not
cured at this stage, then, the three-step diagonal gap
concept is followed to complete the restoration [11,12], as
illustrated in Figure 1B.

The three-step diagonal gap concept constitutes an
integral part of the semi-split bulk filling technique. It
consists of the following three steps, as illustrated in Figure
2: (1) Gap creation in uncured composite and initial curing,
(2) Gap closure delay for 5 minutes, and (3) Gap closure
with same composite and final curing [11,12].

Following the application of adhesive system and
curing it, a single mass of bulk fill resin composite is placed
to fill the cavity, but not cured, (Figure 2A). Then, the three-
step diagonal gap concept of the original semi-split bulk
filling technique is followed to modify the composite mass,
as illustrated in Figure 2B-2D, and presented in Table 1.

The rationale of the 3-step diagonal gap approach is
to manage polymerization shrinkage stress effectively.
The gap in this approach serves as a critical stress-
relief mechanism, allowing the composite to shrink
independently on either side during polymerization. By
allowing each composite segment to independent shrink,
the material deforms outward toward the bonded cavity
walls, rather than pulling away from the adhesive interface.
This reduces the overall stress concentration at the
adhesive interface reducing, helping prevention of issues
like marginal gaps, microleakage, and bond failure, as well
as cuspal deflection. This approach improves marginal

Figure 1: Alarge occlusal cavity preparation in a molar tooth restored
utilizing: (A) the traditional bulk filling technique, and (B) the semi-
split bulk filling technique, using the three-step diagonal gap concept.

Figure 2: Close-up view of a large occlusal composite restoration
made using the semi-split bulk filling technique, and following the
three-step diagonal gap concept. (A) The uncured composite mass. (B)
The gap created in uncured composite, followed by initial curing. (C)
Delay of gap closure for 5 minutes. (D) The gap closed the with same
composite, followed by final curing.

Figure 3: Close-up view of a large occlusal composite restoration
made using the two-step diagonal gap of the original semi-split
bulk filling technique. (A) The uncured composite mass. (B) The gap
created in uncured composite, followed by initial curing. (C) The
gap immediately closed with same composite, which is followed
immediately by final curing. No waiting periods.

sealing, preserves tooth/restoration integrity, and helps
prevent postoperative sensitivity, microleakage, secondary
caries and persistent tooth pain. Excessive shrinkage stress
in deep or large cavities can cause cracks in enamel or even
pull cusps inward resulting in cuspal deflection [11,12].

It is essential to note that the original semi-split bulk
filling technique consists of only the following two steps:
(1) Gap creation in uncured composite and initial curing,
and (2) Immediately, the gap is closed with same composite,
and light curing for 20-40 seconds is performed. In the
original technique, there is no waiting for 5 minutes, as
illustrated in Figure 3. The immediate gap closure offers
quicker results at the expense of possible challenges with
polymerization. It could result in more shrinkage stress
within the composite mass during the curing process, and

Citation: Hassan KA, Khier SE(2025) Three-Step Diagonal Gap Concept: A Shift in Semi-Split Bulk Filling Technique for Mitigating
Shrinkage Stress and Marginal Gaps in Direct Bulk-Fill Resin Composite Restorations - An Overview, West ] Dent Sci 2(1): 103.

Page 2/4



Western Journal of Dental Sciences (W]DS)

Table 1: Description and purpose of each of the three steps of the diagonal gap concept within the semi-split bulk filling technique.

Step

Description

Purpose

Step 1. Diagonal Gap
Creation & Initial Curing
(Figure 2B)

- Use Teflon-coated, flat-bladed plastic filling hand
instrument in a push stroke to intentionally create
a 1.5 mm wide gap by removing material from the
uncured composite mass.

- Gap runs along a diagonal of restoration surface,
and extends only halfway through the 4 mm
thickness of the composite mass, (i.e. for 2 mm
depth).

- This way, gap does not fully divide the composite
mass into two separate segments; instead, the
bottom half remains connected.

- Cure initially for 10-20 seconds.

Controls shrinkage stress by separating
the composite into two triangular
shaped segments. Generates shrinkage
stresses in a controlled manner,
reducing internal stress buildup.

Step 2. Delayed Gap
Closure (Figure 2C)

Wait 5 minutes before sealing the gap.

Allows for more independent shrinkage
and stress dissipation, preventing
debonding, marginal gap formation and
cuspal deflection.

Step 3. Gap Closure &
Final Curing (Figure 2D)

Fill the gap with more of the same composite and
cure finally for 20-40 seconds.

Ensures complete polymerization,
improving restoration strength and
stability.

lead to potential issues with polymerization shrinkage and
stress, which could affect the longevity of the restoration

[13-16].

Conclusion

None.

Acknowledgments

Conflicts of Interest

The current paper addresses the common problems

associated with bulk-fill resin composite restorations by
using a controlled three-step diagonal gap approach as
an integral part of the semi-split bulk filling technique for
managing shrinkage stress and improving the durability
of the restoration. This approach helps to create a more
stable, long-lasting bond between the restoration and the
tooth, resulting in fewer complications such as debonding,
marginal gaps, postoperative sensitivity, and secondary
caries.

None.

References

1. Taubock TT, Jager F, Attin T (2019) Polymerization
shrinkage and shrinkage force kinetics of high- and
low-viscosity dimethacrylate and ormocer based bulk-
fill resin composites. Odontology 107(1): 103-110.

Citation: Hassan KA, Khier SE(2025) Three-Step Diagonal Gap Concept: A Shift in Semi-Split Bulk Filling Technique for Mitigating
Shrinkage Stress and Marginal Gaps in Direct Bulk-Fill Resin Composite Restorations - An Overview, West ] Dent Sci 2(1): 103.

Page 3/4


https://pubmed.ncbi.nlm.nih.gov/29948491/
https://pubmed.ncbi.nlm.nih.gov/29948491/
https://pubmed.ncbi.nlm.nih.gov/29948491/
https://pubmed.ncbi.nlm.nih.gov/29948491/

Western Journal of Dental Sciences (W]DS)

2. Goncalves F Campos LM, Rodrigues JEC, Costa FV,
Marques PA, et al. (2018) A comparative study of
bulk-fill composites: degree of conversion, post-gel
shrinkage and cytotoxicity. Braz Oral Res 32: e17-e26.

3. Soares CJ], Faria ESAL, Rodrigues MP, Vilela ABE, Pfeifer
CS, et al. (2017) Polymerization shrinkage stress of
composite resins and resin cements - What do we need
to know?. Braz Oral Res 31(1): e62.

4. Stansbury JW, Trujillo LM, Lu H, Ding X, Lin Y, et al.
(2005) Conversion-dependent shrinkage stress and
strain in dental resins and composites. Dent Mater
21(1): 56-67.

5. Watts DC (2005) Reaction kinetics and mechanics in
photo-polymerised networks. Dent Mater 21(1) :27-35.

6. Manhart ], Chen HY, Hickel R (2010) Clinical evaluation
of the posterior composite Quixfil in class I and II
cavities: 4-year follow-up of a randomized controlled
trial. ] Adhes Dent 12(3): 237-243.

7. Sunbul HA, Silikas N, Watts DC (2016) Polymerization
shrinkage kinetics and shrinkage-stress in dental resin-
composites. Dent Mater 32(8): 998-1006.

8. Schneider LF, Cavalcante LM, Silikas N (2009)
Shrinkage Stresses Generated during Resin-Composite
Applications: A Review. ] Dent Biomech
2010:131630.

9. Oliveira KMC, Lancellotti ACRA, cahuana VRA, Consani
S (2013) Influence of filling techniques on shrinkage
stress in dental composite restorations. ] Dent Sci 8(1):
53-60.

10.Kaisarly D, El Gezawi M, Kebler A, Rosch P, Kunzelmann
KH (2021) Shrinkage vectors in flowable bulk-fill and
conventional composites: bulk versus incremental
application. Clin Oral Investig 25(3): 1127-1139.

11.Hassan KA, Khier SE (2025) The diagonal gap:
Characteristics, Benefits of Its Delayed Closure and
Effects on Large Posterior Bulk-fill Resin Composite
Restorations — A Review. ] Stoma Dent Res 3(1): 1-4.

12.Hassan KA, Khier SE (2025) Delayed Closure of Diagonal
Gap in Semi-Split Bulk Filling Technique: A Simple
Innovative Modification for Maximum Reduction of
Lateral Shrinkage Stress in Direct Occlusal Bulk-Fill
Resin Composite Restorations. Dent Oral Health Care
2025 (Submitted for publication).

13.Hassan KA, Khier SE (2020) Semi-split bulk filling
technique in large occlusal bulk-fill resin composite
restorations. ] Oral Med and Dent Res 1(2): 1-9.

14.Hassan KA, Khier SE (2021) Semi-split bulk filling
technique: a key to achieve occlusal bulk-fill resin
composite restorations free of postoperative sensitivity
and pain. ] Clin Res Dent 4(1): 1-3.

15.Hassan KA, Khier SE (2023) Direct bulk-fill resin
composite restorations: characterization of pulpal floor
gaps in deep occlusal cavities and current restorative
minimization strategies - An overview. Saudi ] Oral
Sciences 10(2): 59-65.

16.Hassan KA, Khier SE (2023) Gap-Modified Bulk
Placement Technique for Reducing Shrinkage
Stresses in Direct Occlusal Bulk-Fill Resin Composite
Restorations. | Oral Dent Health Res 5(3): 162-166.

Citation: Hassan KA, Khier SE(2025) Three-Step Diagonal Gap Concept: A Shift in Semi-Split Bulk Filling Technique for Mitigating
Shrinkage Stress and Marginal Gaps in Direct Bulk-Fill Resin Composite Restorations - An Overview, West ] Dent Sci 2(1): 103.

Page 4/4


https://pubmed.ncbi.nlm.nih.gov/29538479/
https://pubmed.ncbi.nlm.nih.gov/29538479/
https://pubmed.ncbi.nlm.nih.gov/29538479/
https://pubmed.ncbi.nlm.nih.gov/29538479/
https://pubmed.ncbi.nlm.nih.gov/28902242/
https://pubmed.ncbi.nlm.nih.gov/28902242/
https://pubmed.ncbi.nlm.nih.gov/28902242/
https://pubmed.ncbi.nlm.nih.gov/28902242/
https://pubmed.ncbi.nlm.nih.gov/15681003/
https://pubmed.ncbi.nlm.nih.gov/15681003/
https://pubmed.ncbi.nlm.nih.gov/15681003/
https://pubmed.ncbi.nlm.nih.gov/15681003/
https://pubmed.ncbi.nlm.nih.gov/15680999/
https://pubmed.ncbi.nlm.nih.gov/15680999/
https://pubmed.ncbi.nlm.nih.gov/20157663/
https://pubmed.ncbi.nlm.nih.gov/20157663/
https://pubmed.ncbi.nlm.nih.gov/20157663/
https://pubmed.ncbi.nlm.nih.gov/20157663/
https://pubmed.ncbi.nlm.nih.gov/27240744/
https://pubmed.ncbi.nlm.nih.gov/27240744/
https://pubmed.ncbi.nlm.nih.gov/27240744/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2951111/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2951111/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2951111/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2951111/
https://www.sciencedirect.com/science/article/pii/S1991790212002139?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1991790212002139?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1991790212002139?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1991790212002139?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/32653992/
https://pubmed.ncbi.nlm.nih.gov/32653992/
https://pubmed.ncbi.nlm.nih.gov/32653992/
https://pubmed.ncbi.nlm.nih.gov/32653992/
https://oaskpublishers.com/assets/article-pdf/the-diagonal-gap-characteristics-benefits-of-its-delayed-closure-and-effects-on-large-posterior-bulk-fill-resin-composite-restorations---a-review.pdf
https://oaskpublishers.com/assets/article-pdf/the-diagonal-gap-characteristics-benefits-of-its-delayed-closure-and-effects-on-large-posterior-bulk-fill-resin-composite-restorations---a-review.pdf
https://oaskpublishers.com/assets/article-pdf/the-diagonal-gap-characteristics-benefits-of-its-delayed-closure-and-effects-on-large-posterior-bulk-fill-resin-composite-restorations---a-review.pdf
https://oaskpublishers.com/assets/article-pdf/the-diagonal-gap-characteristics-benefits-of-its-delayed-closure-and-effects-on-large-posterior-bulk-fill-resin-composite-restorations---a-review.pdf
https://www.genesispub.org/j-oral-med-and-dent-res/semi-split-bulk-filling-technique-in-large-occlusal-bulk-fill-resin-composite-restorations
https://www.genesispub.org/j-oral-med-and-dent-res/semi-split-bulk-filling-technique-in-large-occlusal-bulk-fill-resin-composite-restorations
https://www.genesispub.org/j-oral-med-and-dent-res/semi-split-bulk-filling-technique-in-large-occlusal-bulk-fill-resin-composite-restorations
https://journals.lww.com/sjed/fulltext/2023/10020/direct_bulk_fill_resin_composite_restorations_.2.aspx
https://journals.lww.com/sjed/fulltext/2023/10020/direct_bulk_fill_resin_composite_restorations_.2.aspx
https://journals.lww.com/sjed/fulltext/2023/10020/direct_bulk_fill_resin_composite_restorations_.2.aspx
https://journals.lww.com/sjed/fulltext/2023/10020/direct_bulk_fill_resin_composite_restorations_.2.aspx
https://journals.lww.com/sjed/fulltext/2023/10020/direct_bulk_fill_resin_composite_restorations_.2.aspx
https://www.pubtexto.com/pdf/?gap-modified-bulk-placement-technique-for-reducing-shrinkage-stresses-in-direct-occlusal-bulk-fill-resin-composite-restorations
https://www.pubtexto.com/pdf/?gap-modified-bulk-placement-technique-for-reducing-shrinkage-stresses-in-direct-occlusal-bulk-fill-resin-composite-restorations
https://www.pubtexto.com/pdf/?gap-modified-bulk-placement-technique-for-reducing-shrinkage-stresses-in-direct-occlusal-bulk-fill-resin-composite-restorations
https://www.pubtexto.com/pdf/?gap-modified-bulk-placement-technique-for-reducing-shrinkage-stresses-in-direct-occlusal-bulk-fill-resin-composite-restorations

	Title
	Abstract
	Introduction
	Conclusion
	Acknowledgments
	Conflicts of Interest 
	References

