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HIGHLIGHTS

o Short fibre highest strength

o Fibre reinforcement improves durability
e Enhanced fracture resistance observed
e More favorable failure patterns

e Superior MOD restoration performance
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ABSTRACT

Introduction: Mesio-occluso-distal (MOD) cavity preparations significantly weaken

posterior teeth by reducing cuspal stiffness and increasing susceptibility to fracture.
Fibre-reinforced composite systems have been introduced to enhance the mechanical
performance and longevity of restorations. Aim & Objective: To compare the fracture
resistance and failure patterns of MOD cavities restored with short fibre composite,
long fibre reinforcement, and Ribbond reinforcement with those restored using
conventional composite resin. Materials & Methods: Forty extracted human molars
with standardized MOD cavity preparations were randomly allocated into four groups
(n = 10 each): Group I (conventional composite), Group II (short fibre composite),
Group III (long fibre reinforcement), and Group IV (Ribbond reinforcement).
Following restoration, specimens underwent compressive loading in a universal
testing machine until fracture. Fracture resistance was recorded in Newtons (N), and
failure modes were classified as restorable or non-restorable. Data were analyzed using
one-way ANOVA and Tukey's post-hoc test. Results: Fracture resistance differed
significantly among the groups (F = 1357.26, p < 0.001). Group II showed the highest
mean fracture resistance (1197.50 + 15.14 N), followed by Group II1 (1037.50 + 15.14
N), Group IV (956.30 = 9.83 N), and Group I (787.00 + 16.02 N). Compared with the
control group, short fibre, long fibre, and Ribbond reinforcement increased fracture
resistance by 52.2%, 31.8%, and 21.5%, respectively. Reinforced restorations also
demonstrated a higher proportion of restorable fractures, with the short fibre group
showing the most favorable failure pattern (80%). Conclusion: Fibre reinforcement
significantly improves fracture resistance and promotes more favorable failure modes
in MOD restorations. Short fibre composite demonstrated the best overall
performance.
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INTRODUCTION

Mesio-occluso-distal (MOD) cavity restorations represent one
of the greatest biomechanical challenges in restorative dentistry.
Preparation of MOD cavities results in substantial loss of tooth
structure, particularly the marginal ridges, leading to a
significant reduction in cuspal stiffness and fracture resistance.
Consequently, teeth restored after extensive MOD preparations
are more susceptible to fracture under functional occlusal loads
than intact teeth. Although resin-based composite restorations
have become the preferred restorative material because of their
superior esthetics, adhesive properties, and conservative
preparation requirements, they may not adequately reinforce
weakened tooth structures when used alone in large posterior
restorations. Fracture of restored teeth remains a major cause of
restoration failure and often necessitates complex retreatment or
extraction[1-3].

To overcome these limitations, fibre-reinforced composite
(FRC) systems have been developed to improve the mechanical
performance of direct restorations. Fibre reinforcement acts by
absorbing and distributing stresses within the restoration,
reducing crack propagation and enhancing fracture toughness
[4]. Among the available reinforcement strategies, short fibre-
reinforced composites (SFRCs) have gained considerable
attention because of their randomly oriented glass fibres, which
create a three-dimensional reinforcing network within the
composite matrix. These fibres effectively hinder crack initiation
and propagation, thereby increasing load-bearing capacity and

fracture resistance [5,6].

FRACTURE RESISTANCE OF TOOTH RESTORATIONS
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Long fibre reinforcement represents another approach to
strengthening weakened posterior teeth. Continuous or
strategically positioned fibres act as stress-bearing frameworks
that redirect functional forces and reduce cusp deflection.
Previous investigations have demonstrated that long fibres
improve the resistance of restored teeth to catastrophic fracture
and enhance structural integrity under compressive loading
conditions [7,8]

Ribbond, a high-strength polyethylene fibre reinforcement
material, has also been widely used in restorative dentistry. Its
leno-woven architecture provides multidirectional reinforce-
ment and improved stress distribution throughout the restoration.
Unlike fibres incorporated within the composite bulk, Ribbond is
placed as an internal reinforcement layer, producing a splinting
effect that may improve both fracture resistance and fracture
pattern. Studies have reported that restorations reinforced with
Ribbond frequently exhibit more favorable and repairable failure
modes compared with conventional composite restorations
[9,10]. Schematic comparison of fracture resistance in MOD
cavities restored with conventional composite, SFRC, long fibre,
and Ribbond reinforcements (Figure 1).

Despite the growing popularity of fibre-reinforced restorative
techniques, direct comparisons among short fibre composites,
long fibre reinforcements, and Ribbond under standardized
experimental conditions remain limited. Most published studies
have evaluated these materials independently, making it difficult
to determine the most effective reinforcement strategy for large
MOD restorations [6,8-10]. Therefore, the present in vitro study
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Figure 1. Comparative schematic illustration of fracture resistance in MOD cavities restored with conventional composite,

short fibre-reinforced composite (SFRC), long fibre reinforcement, and Ribbond reinforcement.
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was undertaken to compare the fracture resistance and failure
modes of MOD cavities restored with short fibre composite,
long fibre reinforcement, and Ribbond reinforcement, in
comparison with conventional composite restorations. The
findings may provide clinically relevant evidence to guide
material selection and improve the longevity of extensively
restored posterior teeth.

MATERIALS & METHODS

This in vitro experimental study was conducted on forty
extracted human permanent molars of similar dimensions that
were free of caries, cracks, restorations, hypoplastic defects, or
previous endodontic treatment. Following removal of adherent
soft tissue, the teeth were stored in distilled water at room
temperature until use. Standardized mesio-occluso-distal
(MOD) cavities were prepared in all specimens using a high-
speed handpiece with diamond burs under continuous water
cooling. The cavity dimensions were standardized with an
isthmus width equal to one-third of the intercuspal distance, a
depth of 4 mm from the central groove, a proximal box width of
2 mm, and a gingival seat positioned 1 mm above the
cementoenamel junction. Burs were replaced after every five
preparations to ensure uniformity.

The specimens were randomly divided into four groups (n =10
each): Group I (Control) restored with conventional nanohybrid
composite resin; Group II restored with short fibre-reinforced
composite (everX Flow, GC); Group III restored with composite
resin reinforced with long fibres; and Group IV restored with
composite resin reinforced with Ribbond polyethylene fibre
placed across the cavity floor and embedded within the
composite. All cavities were etched with 37% phosphoric acid
for 15 seconds, rinsed, and dried, followed by application of a
universal adhesive and light curing for 20 seconds. Restorations
were completed incrementally in 2-mm layers, each cured for 40
seconds using an LED curing unit with an intensity of 1000
mW/cm?. Reinforcement materials were incorporated
according to the respective manufacturer's instructions, and all
restored teeth were subsequently stored in distilled water at
37°C for 24 hours before testing.

For fracture resistance evaluation, each tooth was mounted
vertically in an acrylic resin block, leaving 2 mm of the root
exposed to simulate the alveolar bone level. Specimens were
subjected to compressive loading using a universal testing
machine (Instron), with a 4-mm diameter steel ball positioned at
the central fossa to apply force along the long axis of the tooth.
Load was applied at a crosshead speed of 1 mm/min until
fracture occurred, and the maximum fracture load was recorded
in Newtons (N). Fractured specimens were then examined
visually and under a stereomicroscope at x10 magnification.
Failure modes were classified as restorable fractures when
confined above the cementoenamel junction and non-restorable
fractures when extending below it.

Statistical analysis was performed using one-way analysis of
variance (ANOVA) to compare mean fracture resistance among
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the groups, followed by Tukey's post-hoc test for pairwise
comparisons. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

The mean fracture resistance values of the four experimental
groups are presented in Table 1. Group II (Short Fibre
Composite) demonstrated the highest fracture resistance, with a
mean value of 1197.50 + 15.14 N, followed by Group III (Long
Fibre Reinforcement) (1037.50 + 15.14 N) and Group IV
(Ribbond Reinforcement) (956.30 + 9.83 N). The control group
restored with conventional composite alone (Group I) exhibited
the lowest fracture resistance (787.00 = 16.02 N). Compared
with the control group, short fibre reinforcement increased
fracture resistance by approximately 52.2%, long fibre reinforce-
ment by 31.8%, and Ribbond reinforcement by 21.5%. The
maximum fracture resistance was observed in Group I (1220 N),
whereas the minimum value was recorded in Group I (760 N).
The relatively low standard deviation values across all groups
indicate consistent performance within each experimental group
(Figure 2). Overall, fibre reinforcement significantly improved
the load-bearing capacity of MOD restorations, with short fibre
composite showing the greatest reinforcing effect, followed by
long fibre reinforcement and Ribbond reinforcement. These
findings suggest that the incorporation of reinforcing fibres
enhances the fracture resistance of restored molars compared
with conventional composite restorations.

Statistical Analysis of Fracture Resistance

A one-way Analysis of Variance (ANOVA) was performed to
compare fracture resistance among the four experimental
groups. The analysis demonstrated a highly statistically
significant difference in mean fracture resistance values between
the groups (F = 1357.26, p < 0.001), indicating that the type of
reinforcement significantly influenced the fracture resistance of
MOD restorations (Table 2).

Pairwise Comparison of Fracture Resistance

Post-hoc Tukey's test was performed to identify intergroup
differences in fracture resistance. All pairwise comparisons were
statistically significant (p < 0.001). Group II (Short Fibre
Composite) exhibited significantly greater fracture resistance
than all other groups. Group III (Long Fibre Reinforcement) also
showed significantly higher fracture resistance than Group IV
(Ribbond Reinforcement) and the control group. These findings
confirm the superior reinforcing effect of short fibre composites,
followed by long fibre reinforcement and Ribbond reinforcement
(Table 3).

Failure Mode Analysis

The distribution of fracture patterns among the experimental
groups is presented in Table 4. Reinforced restorations demons-
trated a greater proportion of favorable (restorable) fractures
compared with the control group.
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Group II (Short Fibre Composite) exhibited the highest
percentage of restorable fractures (80%), followed by Group IV
(Ribbond Reinforce-ment) (70%) and Group III (Long Fibre
Reinforcement) (60%). In contrast, the control group predomi-
nantly showed non-restorable fractures (80%). These findings
suggest that fibre reinforcement not only increases fracture
resistance but also promotes more clinically favorable failure
patterns, enhancing the possibility of restoration repair rather
than extraction (Figure 3). Overall, both the magnitude of
fracture resistance and the pattern of failure were significantly

influenced by the type of rein-forcement used. Short fibre
composite reinforcement demon-strated the highest fracture
resistance and the greatest proportion of favorable fractures,
followed by long fibre and Ribbond rein-forcements. In contrast,
conventional composite restorations exhibited the lowest
fracture resistance and predominantly non-restorable fracture
patterns. These findings indicate that fibre reinforcement not only
enhances the mechanical strength of MOD restorations but also
improves their clinical prognosis by promoting more repairable
modes of failure.

Table 1. Mean Fracture Resistance Values (N) of Different Groups

Group Reinforcement Type Mean £ SD (N) Minimum (N) Maximum (N)
I Control (Composite only) 787.00£16.02 760 810

1 Short Fibre Composite 1197.50 £ 15.14 1175 1220

11 Long Fibre Reinforcement ~ 1037.50 £ 15.14 1015 1060

v Ribbond Reinforcement 956.30 £ 9.83 940 970

1400
1050
700

350

Control

Short Fibre

Long Fibre Ribbond

Figure 2. Comparison of mean fracture resistance values among the four experimental groups. Short fibre composite
reinforcement demonstrated the highest fracture resistance (1197.5 N), followed by long fibre reinforcement (1037.5 N) and
Ribbond reinforcement (956.3 N), while the control group exhibited the lowest fracture resistance (787.0 N).

Table 2. One-Way ANOVA Analysis of Fracture Resistance

Source of Variation = Sum of Squares (SS) df Mean Square (MS) F-value P-value
Between Groups 905850.08 3 301950.03 1357.26 <0.001*
Within Groups 8008.90 36 222.47 — —
Total 913858.98 39 — — —

*Statistically significant (p <0.05)

Table 3. Pairwise Comparison of Fracture Resistance (Tukey's Post-hoc Test)

Comparison Mean Difference (N) P-value
Group II vs Group I 410.50 <0.001
Group III vs Group I 250.50 <0.001
Group 1V vs Group | 169.30 <0.001
Group II vs Group 111 160.00 <0.001
Group Il vs Group IV~ 241.20 <0.001
Group III vs Group IV~ 81.20 <0.001
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Table 4. Distribution of Failure Modes Among Experimental Groups

Group Reinforcement Type Restorable Fractures Non-Restorable Fractures

n (%) n (%)

1 Control (Composite only) 2 (20%) 8 (80%)
1I Short Fibre Composite 8 (80%) 2 (20%)
1 Long Fibre Reinforcement 6 (60%) 4 (40%)
v Ribbond Reinforcement 7 (70%) 3 (30%)

100%
75%
50%
25%

v .

Figure 3. Percentage distribution of restorable fractures among the experimental groups. Fibre-reinforced restorations

Ribbond

Short Fibre

Long Fibre

demonstrated a greater proportion of favorable (restorable) fractures compared with conventional composite restorations.
Short fibre composite showed the highest percentage of restorable fractures (80%), followed by Ribbond reinforcement (70%) and

long fibre reinforcement (60%), whereas the control group showed predominantly non-restorable fractures.

DISCUSSION

The present in vitro study compared the fracture resistance and
failure modes of MOD cavity restorations reinforced with short
fibre composite, long fibre reinforcement, and Ribbond
reinforcement. The results demonstrated that all fibre-reinforced
groups exhibited significantly greater fracture resistance than
conventional composite restorations. Among the tested
materials, the short fibre composite showed the highest fracture
resistance, followed by the long fibre reinforcement and
Ribbond reinforcement. Furthermore, reinforced restorations
demonstrated a greater proportion of favorable, restorable
fractures compared with the control group.

The lower fracture resistance observed in the conventional
composite group is consistent with previous evidence demons-
trating that extensive MOD cavity preparations significantly
weaken tooth structure by removing marginal ridges and
reducing cuspal stiffness [1-3]. As reported by Demarco et al.,
large posterior composite restorations remain susceptible to
fracture despite advances in adhesive dentistry because of stress
concentration within weakened tooth tissues [3]. The superior
performance of the short fibre composite group observed in the
present study corroborates the findings of Garoushi et al., who
reported that short glass fibres dispersed within the resin matrix
effectively arrest crack propagation and improve fracture
toughness [5,6].

www.internationalmedicalpublishing.com

The randomly oriented fibres form a three-dimensional
reinforcing network that redistributes occlusal stresses and
enhances load-bearing capacity. Vallittu et al. further emphasi-
zed that fibre reinforcement improves the biomechanical
behavior of restorations by mimicking the stress-modulating
properties of dentin [4]. The 52.2% increase in fracture
resistance observed in the present study highlights the effecti-
veness of this mechanism in strengthening weakened posterior
teeth.
Long fibre reinforcement also significantly improved fracture
resistance compared with the control group. These findings are
in agreement with those of Belli et al., who demonstrated that
strategically positioned continuous fibres reduce cuspal
deflection and act as stress-bearing frameworks within MOD
restorations [7]. The reinforcing effect of long fibres has been
attributed to their ability to bridge crack lines and redirect
functional stresses away from vulnerable tooth structures.
Although long fibre reinforcement performed better than
Ribbond in the present study, its fracture resistance remained
lower than that of the short fibre composite, possibly due to the
more localized nature of reinforcement provided by continuous
fibres. Ribbond reinforcement demonstrated intermediate
fracture resistance values but produced a high percentage of
favorable fractures. Similar findings were reported by
Samadzadeh et al., who observed that woven polyethylene fibres
International Medical Publishing Group
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improve stress distribution and reduce catastrophic failures by
creating an internal splinting effect within the restoration [8].
Alander et al. further demonstrated that fibre-reinforced
composites dissipate stresses more effectively than conventi-
onal composites, thereby reducing crack propagation and
enhancing repairability [9]. The favorable fracture patterns
observed in the Ribbond group support its clinical usefulness in
situations where preservation and repair of tooth structure are
important considerations.

A notable finding of the present study was the significant
improvement in failure mode among all reinforced groups.
While 80% of fractures in the control group were non-restorable,
the majority of fractures in the fibre-reinforced groups were
restorable. This observation is consistent with the review by
Khan et al., who concluded that fibre reinforcement not only
improves fracture resistance but also alters crack propagation
pathways, resulting in more clinically manageable fracture
patterns [10].

The limitations of this study include its in vitro design, absence
of thermocycling and fatigue loading, and relatively small
sample size. Nevertheless, the standardized methodology
allowed direct comparison among different reinforcement
strategies. Future studies incorporating aging protocols and
clinical evaluation are required to validate these findings under
functional oral conditions.

Overall, the results indicate that fibre reinforcement significantly
enhances both the fracture resistance and failure behavior of
MOD restorations, with short fibre composite demonstrating the
most favorable overall performance.

CONCLUSION

Within the limitations of this in vitro study, it can be concluded
that fibre reinforcement significantly enhances the fracture
resistance of MOD cavity restorations compared with conventi-
onal composite restorations. Among the tested reinforcement
strategies, short fibre composite demonstrated the highest
fracture resistance, followed by long fibre reinforcement and
Ribbond reinforcement. The findings indicate that incorporating
fibres into composite restorations effectively improves stress
distribution and fracture resistance under compressive loading.
In addition to increasing fracture strength, fibre reinforcement
positively influenced failure patterns. The reinforced groups
exhibited a substantially greater proportion of restorable
fractures, whereas conventional composite restorations pre-
dominantly showed non-restorable failures. This suggests that
fibre reinforcement not only improves the mechanical
performance of restored teeth but may also enhance their long-
term clinical prognosis by preserving repairability.

Among the evaluated materials, short fibre composite appears to
be the most effective option for reinforcing extensively restored
posterior teeth. Further long-term clinical studies are
recommended to confirm these results under functional oral
conditions.
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LIMITATIONS & FUTURE PERSPECTIVES

The study's limitations include a single-centre setting, a
relatively small sample size, and a short study duration, which
may limit the broader applicability of the results. Future studies
should incorporate multicentre designs with larger populations
to enhance validity, assess long-term outcomes, and investigate
advanced diagnostic & management approaches. Such efforts
will improve overall patient care & help minimize complicati-
ons.

CLINICALSIGNIFICANCE

The clinical significance of this study lies in its potential to
bridge the gap between research findings and practical healthcare
applications. It emphasizes the importance of translating
scientific observations into meaningful improvements in patient
care, diagnosis, and treatment outcomes. By highlighting real-
world relevance, the study contributes to evidence based medical
practice and supports informed clinical decision making.
Ultimately, the findings aim to enhance patient quality of life,
optimize therapeutic strategies, and promote better disease
management in clinical settings.

ABBREVIATIONS

MOD: Mesio-Occluso-Distal

SFC: Short Fibre Composite

LFR: Long Fibre Reinforcement

RF: Ribbond Reinforcement

CR: Conventional Composite Resin

FR: Fracture Resistance

FM: Failure Mode

UTM: Universal Testing Machine

FRC: Fibre-Reinforced Composite
GFRC: Glass Fibre-Reinforced Composite
PFRC: Polyethylene Fibre-Reinforced Composite
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