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polymerization effects, fracture resistance, and clinical applicability in
large MOD cavities. Electronic database screening was performed
using PubMed, Scopus, and Google Scholar. Eligible studies included
laboratory investigations evaluating posterior Class II or MOD cavities

restored with bulk-fill composites. Studies based on non-posterior
COPYRIGHT Ty cavity designs, conventional non—bulk-fill materials, or incomplete
methodological descriptions were not considered. Reported outcomes
included cuspal deflection behavior, polymerization shrinkage effects,
fracture resistance, marginal adaptation, and restorative variables. In
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improved biomechanical performance relative to earlier formulations
and, in selected MOD cavity designs, approach the behavior of
packable bulk-fill composites. Although favorable results have been
reported, variability in study design and testing protocols remains
evident. New-generation flowable bulk-fill composites may therefore
be considered a viable stand-alone option for selected posterior MOD
cavities, provided that cavity configuration, material selection, and
clinical technique are carefully controlled.

Keywords: MOD cavities; cuspal deflection; bulk-fill composites;
flowable bulk-fill; packable bulk-fill; fracture resistan

Introduction

Endodontically treated posterior teeth are more susceptible to biomechanical failure
than vital teeth due to the loss of structural integrity following caries removal, endodontic
access preparation, and restorative procedures. This structural loss markedly reduces
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tooth stiffness, particularly in teeth with extensive (MOD) cavities, thereby increasing the
risk of cuspal deflection and fracture under functional loading (1,2).

Cuspal deflection is a clinically relevant phenomenon resulting from polymerization
shrinkage stresses generated during resin composite curing. These stresses may induce
inward movement of the cusps. This process contributes to marginal gap formation,
enamel cracks, postoperative sensitivity, and reduced fracture resistance(3—5). Although
conventional incremental layering techniques were developed to reduce polymerization
shrinkage stress, they remain technique-sensitive and time-consuming, especially in large
posterior restorations(6). Bulk-fill resin composites were introduced to simplify
restorative procedures by allowing placement of thicker increments, typically up to 4-5
mm, while maintaining adequate depth of cure and acceptable mechanical properties (7).
Flowable bulk-fill composites, in particular, exhibit a lower elastic modulus and modified
resin matrices, which may enhance stress absorption during polymerization and reduce
cuspal deflection (8-10). Several In-vitro studies have demonstrated that flowable bulk-
fill materials can produce more favorable stress distribution and reduced cuspal
movement in MOD cavities compared with conventional composite techniques (4,11,12).
In contrast, packable (high-viscosity) bulk-fill composites contain higher filler loading
and exhibit a higher elastic modulus, these characteristics contribute to improved fracture
resistance and suitability for occlusal load-bearing areas. However, their increased
stiffness may lead to greater transmission of polymerization shrinkage stress to the
remaining tooth structure, particularly in wide MOD cavities(13—15). Accordingly,
understanding the balance between reducing stress and strengthening the structure is
important when choosing bulk-fill materials for single posterior restorations. Recent
improvements in flowable bulk-fill resin composites have increased their use as stand-
alone posterior restorations. Omnichroma, a supra-nanofilled flowable bulk-fill
composite , is part of this new generation. It is claimed to have better mechanical
properties, good depth of cure, and easier shade matching using structural color
technology. Recent laboratory studies suggest promising biomechanical performance of
Omnichroma in posterior restorations. However, evidence regarding its fracture
resistance, marginal adaptation, and long-term behavior in extensive MOD cavities
remains limited, inconsistent, and methodologically heterogeneous (16,17).

Therefore , the aim of this narrative review is to analyze and synthesize the most recent
evidence on flowable bulk-fill resin composites, with particular emphasis on new-
generation materials such as Omnichroma. The review focuses on their mechanical
behavior, cuspal deflection, fracture resistance, and clinical applicability as stand-alone
posterior restorations in MOD cavities, in order to support evidence-based clinical
decision-making and identify existing knowledge gaps.

Methodology

This review was conducted as a narrative literature analysis, rather than a systematic
review, because of substantial heterogeneity among available studies in terms of study
design, cavity preparation, restorative protocols, and outcome assessment methods. A
narrative approach was therefore considered more appropriate to allow comprehensive
synthesis and critical appraisal of experimental evidence on the biomechanical behavior
of flowable and packable bulk-fill resin composites in MOD restorations. Due to this
heterogeneity, quantitative meta-analysis was not feasible, and findings were analyzed
descriptively and comparatively .

CSIN 22 :
= [oxoc &
CC BY-SA 4.0 Attribution-ShareAlike 4.0 Oleatihien s
The Journal of medical and Oral Biosciences https://creativecommons.org/licenses/by-sa/4.0/

JMOB / Al-Iraqia University



Dana Issa Ahmed, Rasha H. Jehad. JMOB . (2026),3; (1): 21-37
Search strategy

A structured and transparent search strategy was applied to ensure comprehensive

coverage of relevant literature, electronic searches were conducted in PubMed, Scopus,
Web of Science, Embase, and Google Scholar. Search terms included “bulk-fill
composite,” “flowable bulk-fill,” “cuspal deflection,” “shrinkage stress,” “MOD cavity,”
and “fracture resistance,” used individually or combined with Boolean operators .
Studies were not limited by publication year in order to include both earlier and recent
research on bulk-fill composite behavior. Only articles published in English were
considered.
Screening was performed in two stages. Titles and abstracts were reviewed first, followed
by full-text evaluation of studies addressing posterior Class II or MOD restorations.
Included investigations assessed flowable or packable bulk-fill composites and reported
outcomes such as cuspal deflection, polymerization shrinkage stress, marginal integrity,
or fracture resistance.

Study Selection Criteria

Inclusion criteria were defined as a priori. Studies were included if they employed
MOD or standardized Class II cavity designs and either directly compared flowable and
packable bulk-fill composites or provided extractable biomechanical data relevant to both
material categories, with outcomes such as cuspal deflection, shrinkage stress, fracture
resistance, or marginal integrity.

Studies were excluded when cavity designs deviated from standardized posterior
preparations. Investigations limited to conventional resin composites, without bulk-fill
comparison, were not retained. Reports lacking essential methodological description ,
including cavity dimensions, curing conditions, or measurement procedures were
omitted. Narrative publications and review-based articles were not considered for
analysis. Review articles were excluded from synthesis but consulted for contextual
background when relevant (Figure. 1).

Records identified through

database searching (n = 75)

Duplicates removed (n=25)

Records screened (n=50)

Records excluded (n= 15)

Full-text articles assessed
for eligibility (n=35)

Full-text articles excluded
(n=15) - Studies included in the

review (n=20)

Figure.1. PRISMA flow diagram illustrates the study selection process for the present

narrative review.
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Data Extraction and Quality Assessment

Data extraction was performed manually, it included information on tooth type, cavity
design, restorative materials, curing protocols, measurement methods, and primary
outcomes.

Methodological differences between studies are limited by quantitative synthesis.
Findings were therefore organized by the outcome domains, including cuspal deflection,
fracture resistance, and marginal behavior, to support qualitative comparison.

Risk of bias was assessed descriptively. The studies that used standardized cavity
preparations, controlled curing conditions, and validated measurement techniques were
prioritized during analysis. The limitation that are related to laboratory-based
experimental designs were recognized. Representative studies are summarized in Table
1.

Table 1. Summary of the selected studies evaluating flowable and packable bulk-fill
composites in MOD cavities

Author Tooth / Cavity Materials Main Findings

(Year) Design Compared

@ In-vitro | Posterior teeth, = Direct vs indirect | Extensive MOD cavity preparation
MOD restorations significantly =~ compromised  the

biomechanical integrity and fracture
resistance of posterior teeth

3) In-vitro | Endodontically Flowable bulk- | Flowable bulk-fill reduced cuspal
treated premolars, | fill vs packable deflection but showed lower fracture
MOD resistance
Q) In-vitro | Premolars, MOD Bulk-fill Flowable bulk-fill showed more
composites gradual and lower cuspal
displacement
®) In-vitro | Premolars, MOD Intermediary Use of an intermediary layer
layer vs no liner | significantly reduced cuspal
deflection and gap formation
10) In-vitro | Premolars, MOD Bulk-fill Flowable bulk-fill showed lower
flowable vs | cuspal strain
conventional
(11) In-vitro | Class Il MOD Flowable vs | Flowable materials produced more
packable bulk- | favorable stress distribution
fill
12) In-vitro | Molars, MOD Bulk-fill vs | Packable bulk-fill showed higher
incremental fracture resistance but increased
shrinkage stress
as5) In-vitro | Large MOD Bulk-fill vs | Bulk-fill restorations showed
CAD/CAM acceptable structural integrity
(18) In-vitro | Class Il MOD Flowable liner vs | Flowable liners reduced shrinkage
bulk-fill vectors
6) In-vitro | MOD cavities Flowable vs | Packable materials induced higher
packable bulk- | cuspal deflection during curing
fill
(19) Micro- | Class II Different Flowable bulk-fill improved marginal
CT viscosities adaptation
(20) In-vitro | Molars, MOD Low- vs high- | High-viscosity materials showed
viscosity  bulk- | superior fracture strength
fill
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21) In-vitro | Molars, MOD Flowable bulk- | Packable bulk-fill showed higher
fill vs packable fracture resistance after aging

(22) In-vitro | Deep MOD Fiber-reinforced | Stiffer restorations increased crack
vs bulk-fill propagation

Biomechanical Considerations and Material Selection in MOD Cavities

Endodontically treated posterior teeth with extensive MOD cavities show reduced
structural integrity. Loss of marginal ridges and internal dentin lowers tooth stiffness and
weakens cuspal support, increasing susceptibility to deformation and fracture during
polymerization and functional loading (1,2).

MOD cavities are particularly sensitive to cuspal deflection due to their geometric
characteristics. Wide isthmus dimensions, a high configuration factor (C-factor), and
reduced remaining dentin thickness promote inward cusp movement during
polymerization. Reported consequences include marginal discrepancies, enamel
microcracks, postoperative sensitivity, and reduced fracture resistance.(3—5). Therefore,
cavity geometry plays a key mechanical role in restoration behavior. (1,6,12,23). The
properties of restorative materials influence stress transmission within the tooth—
restoration complex. Increased cavity width and reduced dentin support increase cuspal
deformation across different material types. Composites with a higher modulus tend to
transmit greater polymerization and functional stresses to weakened cusps, increasing the
risk of structural damage (1,4,24).

Polymerization behavior is also influenced by curing conditions. High-intensity protocols
accelerate stress development, whereas soft-start and ramp curing approaches reduce
cuspal movement by moderating early stress buildup (6,19). Therefore, restoration
stability in MOD cavities requires a balance between shrinkage stress control and
adequate mechanical strengt (12,25). Flowable bulk-fill composites have a lower elastic
modulus and show improved cavity adaptation. Reduced cuspal deflection has been
frequently observed, particularly in wide MOD cavities (9,10). Smaller inward cusp
movement was reported when flowable materials were used as a base layer (5,9,24).
Lower stiffness was associated with decreased fracture resistance in large cavities. For
this reason, flowable bulk-fill composites were more frequently applied as intermediary
layers (7,13,18).

Packable bulk-fill composites demonstrated greater post-curing stiffness and fracture
resistance, largely related to higher filler loading (4,26). Greater material rigidity,
however, was accompanied by increased cuspal displacement during polymerization,
particularly in wide MOD cavities (1,6). For this reason, layered restorative
configurations incorporating flowable bases are commonly adopted (15,18).
Omnichroma flowable bulk-fill composite has been introduced as a supra-nanofilled
material with enhanced mechanical characteristics and adequate depth of cure (13,14). In
MOD cavities, its lower modulus may contribute to moderated stress behavior during
polymerization. Layered application beneath packable occlusal materials may therefore
represent a mechanically rational approach.

Material stiffness affects stress distribution in MOD restorations. Composites with higher
elastic modulus may concentrate stress along cavity walls and near cusp bases. Flowable
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materials, because of lower stiffness, tend to distribute stress more gradually within the
restoration (1,6,25). These differences are more noticeable in wide MOD cavities and
when dentin support is reduced (5,25).

Curing direction also affects shrinkage behavior. Uneven polymerization can result in
asymmetric cusp movement, as observed in laboratory and simulation studies (3,25).
Adhesive layer thickness influences stress transfer at the tooth—restoration interface.
Thicker adhesive layers may reduce stress transmission compared with thinner layers
(8,18,25,27,28)

The use of compliant intermediary layers has been reported to reduce gap formation and
cuspal deformation in high C-factor MOD cavities (29,30)

Results
Structural Integrity and Failure Characteristics

Flowable bulk-fill composites have frequently shown lower cuspal deflection during
polymerization compared with packable materials. Reported values varied between
studies due to differences in measurement methods, cavity design, and curing protocols
(5,8,24). When a flowable base was used, inward cusp movement was generally reduced.
Packable bulk-fill composites demonstrated good mechanical properties after curing.
During polymerization, however, greater cuspal movement was often observed in MOD
restorations using these materials. This behavior has been linked to higher stiffness and
reduced stress relaxation capacity (6,10,31).

In general, flowable materials were associated with lower cusp displacement during the
setting phase. Packable composites, although showing greater movement during
polymerization, exhibited higher stiffness and strength after curing (32,33).

Influence of Curing Protocols

Curing protocol affects cuspal deflection. High-intensity light application may increase
shrinkage stress and lead to greater cusp movement. This effect appears more evident in
packable bulk-fill composites (6,34). Flowable materials tend to show lower sensitivity
to curing-related stress development.

Soft-start and ramp curing protocols produced lower cuspal displacement values. The
slower polymerization rate likely reduced early stress development (18,35,36).

Recent investigations highlighted the influence of curing distance on polymerization
quality. Increasing light-curing distance resulted in a significant reduction in surface
microhardness of flowable bulk-fill composites, particularly in thicker increments (37).
Similarly, LED curing characteristics significantly affected depth of cure and
microhardness, with variations in light output and composite formulation influencing
polymerization efficiency at deeper levels (38).

Curing distance and light direction influenced shrinkage behavior. Increased curing
distance and multidirectional light application were linked to more uniform stress
patterns. Excessive curing distance, however, increased the likelihood of insufficient
polymerization in deep MOD cavities(26,34,39). Curing technique therefore represents
an important procedural variable in polymerization stress development.

Fracture Resistance
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Most studies reported higher fracture resistance for packable bulk-fill composites
compared to flowable bulk-fills used alone in MOD restorations(1,3,4,12,30). This
finding was consistently associated with higher filler loading and elastic modulus of
packable materials. Flowable bulk-fills exhibited lower fracture resistance when used as
stand-alone restorations in large MOD cavities. Fracture resistance increased when
flowable bulk-fill composites were used as a base beneath a packable occlusal layer.
Reported values frequently approached those of packable bulk-fill restorations placed
alone (7,13,18).

Fracture Mode Characteristics

Flowable bulk-fill restorations were more frequently associated with restorable fracture
patterns, such as supra-CEJ fractures or superficial cracks, whereas packable bulk-fills
demonstrated a higher incidence of catastrophic, non-restorable fractures extending
below the CEJ (1,3,12,40-42).

Effect of Remaining Tooth Structure

Fracture resistance was strongly influenced by the amount of remaining tooth structure.
Wide isthmus preparations and reduced cusp thickness produced lower resistance values
across different restorative conditions. This trend was observed irrespective of the
composite material used(12,41).

Marginal Integrity and Microleakage

Flowable bulk-fill composites demonstrated superior initial marginal adaptation,
particularly in deep proximal areas, due to improved flow and cavity wall adaptation
(8,27,28), Packable bulk-fills showed increased marginal gaps and microleakage when
used without an intermediary layer, especially after aging procedures (27,31,43).
Packable materials demonstrated greater marginal stability under functional loading.
Lower gap progression was reported during mechanical cycling (13).

Instrument-based assessments, including spectrophotometric methods and micro-CT
analysis, revealed differences in marginal sealing behavior among restorative materials.
Improved sealing performance was frequently observed when stress-moderating layers
were incorporated (9,28,44)

Seal Quality and Gap Formation

Flowable liners or bases have consistently been shown to improve seal quality. The
presence of a compliant intermediary layer was associated with reduced gap formation at
the tooth—restoration interface, including occlusal regions subjected to polymerization
stress (8,26). The same trend was reported in the micro-CT studies, where flowable liners
reduced the horizontal gap at the gingival margin(9,28).

Packable-only restorations tend to show more gaps after thermomechanical loading,
particularly at high-stress concentration sites.

Microcrack Formation and Fatigue Behavior
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Material stiffness influenced microcrack initiation and propagation. Packable bulk-fills

were associated with deeper structural cracks at cusp bases and internal line angles,
whereas flowable bulk-fills tended to produce more superficial enamel cracks or internal
material defects (8,9,26,28).
Lower-modulus materials demonstrated improved fatigue behavior by partially
attenuating occlusal loading; however, However, use without occlusal reinforcement was
associated with increased material fatigue over prolonged loading cycles (4,45,46)
Environmental degradation further affected performance; cyclic exposure to acidic
environments reduced surface microhardness and increased surface roughness,
accelerating material fatigue and marginal breakdown in stress-bearing MOD
restorations.

Crack Propagation and Reinforcement Strategies

Material stiffness influences crack development within restored teeth. Composites with
higher elastic modulus tend to allow deeper crack extension into the tooth structure.
Flowable materials, due to lower stiffness, are more commonly associated with
superficial crack patterns (25,42).

Fiber reinforcement has also been evaluated as a stress-control strategy. Placement of E-
glass fibers in MOD cavities restored with bulk-fill composites has been reported to
reduce cuspal deflection, especially during the early post-restoration phase. Differences
in microleakage appear limited; however, fiber-reinforced restorations generally show
lower leakage values compared with bulk-fill composites used alone (47).

Discussion
Clinical Interpretation and Evidence Integration

Clinical data on bulk-fill composites in MOD restorations are still limited. Most of the
available evidence comes from laboratory studies. These studies usually use
thermocycling and cyclic loading to simulate oral conditions.

Clinical investigations mainly report restoration survival. Detailed biomechanical
outcomes, such as cuspal deflection or stress distribution, are rarely evaluated in clinical
settings (34,48).

Short-term clinical reports generally show acceptable performance for both flowable and
packable bulk-fill restorations when placed according to manufacturer instructions.
Although long-term prospective trials remain scarce, indirect evidence suggests that
restorations surviving the early phase—during which polymerization stress and cuspal
movement are most influential—exhibit behavior comparable to conventional posterior
composites(12,13).

Packable bulk-fill composites exhibited favorable behavior under higher functional
loading conditions, a finding commonly linked to increased fracture resistance.
Restorations incorporating a flowable base were more frequently associated with
improved initial marginal adaptation and reduced early marginal discrepancies (16,34).
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Short-term performance was favorable across both material categories. Cyclic loading
and simulated chewing studies indicated that bulk-fill restorations tolerated early
functional stresses without evident structural deterioration (4,34,45).

Long-term behavior is less predictable, as crack propagation, marginal degradation, and
material fatigue develop progressively. Laboratory observations suggest that higher-
modulus packable materials may be associated with deeper structural crack patterns,
whereas flowable materials more frequently exhibit superficial wear or cohesive defects,
Laboratory fatigue models and finite element simulations provide useful mechanical
insight. Their translation to clinical behavior, however, remains uncertain (10,12,22).

Factors Influencing Clinical and Biomechanical Outcomes

The biomechanical behavior of MOD restorations is affected by several interacting
variables. The cavity geometry, remaining tooth structure, loading conditions, and
restorative technique all of it contribute to stress distribution and failure patterns (6,12,25)

Cavity size (isthmus width, cusp height)

Cavity size affects the mechanical behavior of MOD restorations. Wide isthmus designs
reduce cuspal support and make the tooth more prone to deformation during
polymerization and functional loading.

Reduced enamel thickness or loss of cusp structure further increases stress within the
tooth. This may contribute to marginal breakdown and the formation of enamel
microcracks (6,12,25).

Remaining dentin thickness

Remaining dentin thickness affected fracture resistance, Increased dentin support
improved structural stability, whereas reduced dentin thickness was linked to greater
deformation and lower resistance values (4,24,41).

Occlusal loading

Occlusal loading affects the behavior of restorations in MOD cavities. The mechanical

response depends mainly on material stiffness and the condition of the remaining cusps.
Packable composites generally resist deformation more effectively because of higher
elastic modulus. However, increased stiffness may also lead to greater stress transfer to
weakened tooth structure.
Flowable bulk-fill composites exhibit lower stiffness and tend to distribute functional
stresses more gradually. This may reduce stress concentration within the tooth.
Nevertheless, when used without sufficient occlusal support, these materials may show
greater wear or fatigue-related changes over time(10,42).

Operator technique
Operator technique plays a role in restoration outcomes. The way the material is placed

and the adhesive is applied can influence internal adaptation and marginal fit. Differences
in handling may lead to variations in marginal integrity and gap formation (8,28,42).
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Curing light intensity and direction

Curing conditions affect polymerization behavior. High-intensity curing increases the
speed of polymerization and may result in greater cusp movement, especially in stiffer
composites. Soft-start or ramp curing protocols are often used to reduce this effect.
Light direction also influences shrinkage patterns. Applying light from different
directions may help distribute stresses more evenly within the restoration (7,26).

Practical Clinical Recommendations

Material selection in MOD restorations should be based on cavity configuration and
functional demand rather than composite category alone.

When to prefer flowable bulk-fill

Flowable bulk-fill composites are frequently used in deeper cavity regions and complex
preparations. Because of lower stiffness, they may help reduce polymerization-related
stresses when placed as a base under stronger occlusal materials (8,11,24).
When to prefer packable bulk-fill

Packable bulk-fill composites are generally preferred in occlusal load-bearing regions.
Higher filler content and stiftness improve resistance to functional loading. Clinical use
is often combined with a flowable intermediary layer(1,4,26).
Techniques to reduce cuspal deflection

Cuspal deflection is influenced by cavity configuration. Preservation of marginal ridges
and conservative cavity preparation may reduce cuspal movement. The use of flowable
intermediary layers may also help moderate polymerization effects (1,18).
Best curing protocols

Curing protocols affect polymerization behavior. Soft-start and ramp curing techniques
are frequently recommended to reduce shrinkage-related stresses. Multidirectional light
application may improve curing uniformity in deeper MOD cavities(5,26).
Adhesive strategies

Adhesive technique influences restoration stability and marginal adaptation. Multi-step
adhesive systems and appropriate use of flowable liners may improve interfacial integrity
(19,42,49)

Limitations

Several limitations should be noted when interpreting the findings of this review. Most
of the included studies were laboratory investigations and do not fully reproduce clinical

conditions.
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Variation in study design, cavity preparation, restorative procedures, curing protocols,
and outcome measurements made direct comparison difficult.

Long-term clinical evidence on flowable bulk-fill composites in large stress-bearing
MOD cavities remains limited. Current understanding is therefore mainly based on
laboratory findings.

Future Research Directions

Differences in experimental protocols continue to limit comparison between studies,
especially in relation to cuspal deflection measurements. Greater standardization of
testing methods would improve consistency.

Future investigations may combine cyclic mechanical loading with environmental
factors, such as thermal changes or acidic exposure, to better simulate oral conditions.
Additional clinical studies with longer follow-up periods are required to evaluate
restoration longevity and failure patterns. Newly developed bulk-fill materials also need
further investigation.

Conclusion

Restoration of large MOD cavities remains mechanically demanding because of
polymerization shrinkage and stress concentration within the remaining tooth structure.
Bulk-fill composites simplify placement and provide adequate depth of cure.

Restorative configuration plays an important role in mechanical behavior. The use of a
flowable base beneath a packable occlusal layer may help reduce stress while maintaining
structural support.

New-generation flowable bulk-fill composites show promising mechanical performance
when combined with appropriate cavity design, adhesive strategy, and curing technique.
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