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Abstract

INTRODUCTION. This study compared the mechanical performance of short E-glass fiber (sFRC)
reinforcement with woven polyethylene ribbon reinforcement, both embedded in the same nanofilled resin.
MATERIALS AND METHODS. Fifty specimens (n = 25 per group) were fabricated and mechanical properties
were tested. T-tests were used for statistical analysis.

RESULTS. sFRC showed significantly higher values than polyethylene ribbon reinforcement across all
measured parameters. Mean fracture resistance was 1196.92 N for sFRC and 1028.36 N for polyethylene.
Tensile strength was 49.69 MPa versus 45.36 MPa, and fatigue limit averaged 420,174 versus 301,191 cycles.
CONCLUSIONS. Short E-glass fiber reinforcement improved mechanical properties compared with
polyethylene ribbon reinforcement. These findings suggest sFRC is a strong candidate for bulk reinforcement
in high-load restorations.
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Pesiome

BBEOEHWE. B gaHHOM uccnegoBaHum NpoOBEOEHO CPABHEHME MEXAHUYECKMX XapakTEPUCTUK apMmnpoBa-
HUA KOPOTKMMK BONOKHamMmu E-ctekna (sFRC) n apMmmnpoBaHus TKaHOM NOAUITUNEHOBOM NEHTOM, BCTPOEHHbIX
B OAVH N TOT XX€& HaHOHAMONHEHHbI I KOMMO3UTHBIV MaTepurarn.

MATEPUAJbI N METOAbI. Beino narotosneHo 50 o6pasuoB (n = 25 B KaX 401 rpynne), Nociie Yero OLeHu-
BaNM UX MEXaHN4YEeCKMe CBOMCTBA. [N CTaTUCTMYECKOro aHannaa ncnonb3osanu t-kputepuit CtelogeHTa.
PE3YJIbTATbI. ApmupoBaHune sFRC nokasano cTaTUCTUYECKM 3HAYMMO 6onee BbICOKME NOKa3aTenn no BCeEM
ncenegyemMblM napameTpamM o CPaBHEHUIO C MOAVITUAEHOBOWN NeHTon. CpefHsAs NPOYHOCTb Ha paspyLue-
Hue coctasuna 1196,92 H pna sFRC n 1028,36 H gna nonnaTtuneHa. NMpoyHOCTb Ha pacTaxeHne — 49,69 MlMa
npotue 45,36 Mla, a npenen yctanoctu B cpeaHem — 420 174 npotus 301 191 unknos.

BbIBOAbl. ApmupoBaHne KOPOTKMMM BOIOKHaMK E-cTekna yny4yliaeT MmexaHuyeckme CBOMCTBA MO CpaBHe-
HUIO C apMUPOBaHMEM NOJINSTUNEHOBOI NEHTOW. [NonyyYeHHble pe3ynbTaTbl N03BONAIOT paccMmaTpuBaTb SFRC
Kak nepcrnekTUBHbI MaTepuan A9 06beMHOro apMMPOBaHUS PpecTaBpaLLMii, NCMbITbIBAIOLLMX BbICOKUE Xe-
BaTe/IbHblE HArPy3KW.

KnwoueBble cnoBa: BOJIOKOHHOE apMUPOBaHME, KOMMO3UTHbIE NIOMObI, SFRC, nonnaTuneH, MmexaHndeckmne
CBOICTBA
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INTRODUCTION

Fiber-reinforced composite (FRC) dental restora-
tions have evolved significantly to address the me-
chanical limitations of conventional resin composites,
particularly in large or stress-bearing cavities. Initially
developed to mimic dentin’s mechanical behavior, fi-
bers such as E-glass and polyethylene have been in-
corporated to enhance fracture resistance and lon-
gevity [1; 2]. Placement strategies vary from layering
fibers at the cavity floor to embedding them within flo-
wable resin, aiming to form a reinforcing network [3].
Meta-analyses confirm that both glass and polyeth-
ylene fibers significantly increase fracture resistance
compared to non-fiber composites [4]. Comparative
reviews indicate each fiber type’s performance is con-
text-dependent, with glass fibers excelling in stiffness
and polyethylene fibers in adaptability [5]. Clinically,
fiber reinforcement is a reliable option for restoring
structurally compromised teeth, improving both me-
chanical resilience and restoration longevity [6].

Direct comparison between short E-glass fiber and
polyethylene ribbon reinforcement is essential to guide
restorative dentistry toward evidence-based material
selection. Short E-glass fibers enhance fracture tough-
ness and flexural strength through effective crack-
bridging mechanisms, offering significant improve-
ments in load-bearing applications [7]. Conversely,
polyethylene ribbons provide superior energy absorp-
tion and favorable fracture modes, particularly in dentin
replacement scenarios, though their long-term perfor-
mance remains less clearly defined [8-10].

The objectives of the study were formulated to ad-
dress the need for improved mechanical performance
of composite dental fillings through the incorporation
of fiber reinforcements. The study aimed to determine
whether the inclusion of fibers of varying lengths and
concentrations could enhance the strength, durability,
and overall resistance of composite materials to me-
chanical stress.

MATERIALS AND METHODS

A total of fifty composite formulations were prepared
for the experiment, systematically divided into two main
study groups of equal size, with twenty-five samples al-
located to each group:

Group 1: Composite resin reinforced with silanized
short E-glass fibers (target length ~1-2 mm; fiber load-
ing around 20 wt%, similar to everX Posterior reference
values).

Group 2: Composite resin reinforced with ultra-
high-molecular-weight polyethylene fiber ribbons
(Ribbond®-THM, 0.18 mm thickness), placed as em-
bedded laminar reinforcement within the composite.

The resin matrix used for all formulations was a light-
cured nanofilled universal composite, 3M™ Filtek™
Supreme Ultra Universal Restorative, Body shade A2.
Glass fiber bundles were obtained from GC’s ever-
Stick® family: everStick C&B Refill 8 cm (item 900834),
everStick C&B Refill 12 cm x2 (item 900833). Polyethyl-
ene reinforcement was Ribbond®THM, stocked as the
Assorted Starter Kit.

dHdodoHmus
————TLT

Eglass fibers were prepared in two length scales
aligned with clinically adopted shortfiber systems. Mi-
crofibers were produced within the 140-300 um range,
and short discontinuous fibers were prepared around
1-2 mm, reflecting reference dimensions used in con-
temporary flowable and posterior shortfiber compo-
sites. Chopped, silanesized Eglass strands of nomi-
nal 3 mm length were used as stock. Fiber segment
lengths were verified with a 0-150 mm digital caliper
with 0.01 mm resolution and £0.02 mm accuracy (Mitu-
toyo ABSOLUTE Digimatic 50019630). Polyethylene re-
inforcement was prepared from Ribbond®THM ribbon,
confirmed at 0.18 mm thickness and available widths
(1-7 mm). Mixing and deforming were performed on
a THINKY ARE310 or ARE250 CE, with revolution speeds
selected within the manufacturer’s operating envelope
(mixing up to ~2000 rpm and optional defoaming up to
~2200 rpm, =400 G).

Fracture resistance and tensile strength were con-
ducted using a dualcolumn universal testing machine
(Instron® 5965, 5 kN capacity). Fatigue performance
was assessed under loadcontrolled cyclic flexural
loading using a servohydraulic/electrodynamic sys-
tem (TA Instruments ElectroForce® 3200 Series lll,
225 N standard capacity; 300 Hz frequency capability)
equipped with a threepoint bending fixture.

Statistical analyses were performed using R statis-
tical software (version 4.3.x), and t-test were used to
compare between the groups.

RESULTS

Table 1 showed that the short E-glass fiber-re-
inforced composite demonstrated a notably higher
mean fracture resistance (1196.92 N) than the polye-
thylene ribbon-reinforced composite (1028.36 N).
The difference between means was approximately
168.56 N, which was statistically highly significant with
a p-value of less than 0.0001, confirming that the pro-
bability of this difference occurring by random chance
is extremely low. The standard deviation in Group 1
was 126.62 N, indicating a slightly wider spread of va-
lues compared to Group 2, which exhibited a standard
deviation of 91.06 N.

Tensile strength values of short E-glass fiber-re-
inforced composite (49.69 MPa) was higher than that
of the polyethylene ribbon-reinforced composite
(45.36 MPa), showing a difference of approximately
4.33 MPa (Table 2). The standard deviation in Group 1
was 4.17 MPa, slightly higher than Group 2’s 3.83 MPa,
suggesting a marginally greater spread of results
among the glass fiber-reinforced specimens.

The group reinforced with short E-glass fibers
demonstrated a substantially higher mean fatigue
limit (Table 3), averaging 420,174 cycles, compared
to 301,191 cycles in the group reinforced with polye-
thylene ribbon. The spread of the data, reflected by
the standard deviation, was also greater in the E-glass
group, with 103,435 cycles versus 47,742 cycles in
the polyethylene group, suggesting increased variabi-
lity in performance among the glass fiber-reinforced
specimens.
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Table 1. Comparative fracture resistance (N) between Group 1 and Group 2

Ta6nuua 1. CpaBHUTENbHAsA NPOYHOCTL Ha pa3pyLueHne (N) mexay rpynnamm 1 mn 2

69

Study Group n Mean (N) SD (N) Minimum (N) Maximum (N) p-value
Group 1: Short E-glass fibers 25 1196.92 126.62 907 1383 <0.0001
Group 2: Polyethylene ribbon 25 1028.36 91.06 899 1257
Note. Independent samples t-test; p < 0.05 considered statistically significant.
lMpumevaHve. He3aBUCcUMBI t-TeCT A5 cpaBHeHUs BbIGopok; p < 0,05 cumTaeTcs cTaTUCTUYECKM 3HAYNMBIM.
Table 2. Comparative tensile strength between Group 1 and Group 2
Tabnuua 2. CpaBHUTENIbHAsA NPOYHOCTb HA PACTaXeHMe Mexay rpynnamm 11 2

Study Group n Mean (MPa) | SD (MPa) | Minimum (MPa) | Maximum (MPa) p-value
Group 1: Short E-glass fibers 25 49.69 417 42.56 58.52 0.00044
Group 2: Polyethylene ribbon 25 45.36 3.83 38.89 53.21
Note. Independent samples t-test; significance threshold p < 0.05.
lMpumevaHne. HezaBncumelii t-TecT oNs cpaBHeHMst BLIBOPOK; MOPOroBoe 3HavyeHne 3HadnmocTun p < 0,05.
Table 3. Comparative fatigue limit (Number of Cycles) between Group 1 and Group 2
Tabnuua 3. CpaBHUTENbHbIV Npeaesn ycTanocTh (KONMYeCTBO LUKIOB) Mexay rpynnamm 1 m 2

Study Group n Mean (Cycles) | SD (Cycles) | Minimum (Cycles) | Maximum (Cycles)| p-value

Group 1: Short E-glass fibers 25 420,174 103,435 191,779 555,600
Group 2: Polyethylene ribbon 25 301,191 47,742 202,926 411,769 0.0000002

Note. Independent samples t-test; significance threshold p < 0.05.
lMpumeyaHne. HesaBncuMbI t-TeCT AN cpaBHEHUS BIOOPOK; NOPOroBoe 3HavyeHne 3Hadmumoctun p < 0,05.

DISCUSSION

The present study found that short E-glass fiber-
reinforced composite exhibited significantly higher
mean fracture resistance (1196.92 N) than polyethy-
lene ribbon-reinforced composite (1028.36 N), with
a difference of ~168.56 N (p < 0.0001). This aligns with
recent findings where EverX Posterior outperformed
Ribbond in fracture resistance in structurally compro-
mised molars [11] and in MOD endodontically treated
teeth [12]. Researchers also observed that polyethy-
lene in a “wallpapering” technique outperformed
other methods in premolar restorations [13]. The wo-
ven polyethylene may better absorb energy in certain
geometries, while E-glass fibers offer higher stiffness
in direct load-bearing restorations.

Short E-glass fiber-reinforced composites exhi-
bited significantly higher tensile strength (49.69 MPa)
compared to polyethylene ribbon-reinforced compos-
ites (45.36 MPa, p = 0.00044), suggesting enhanced
load distribution and interfacial bonding. Recent fin-
dings by Hadianto et al. reported a similar trend, where
E-glass fiber reinforcement showed superior tensile
strength after prolonged exposure to artificial saliva,
supporting its suitability in oral environments [14].
Patel and Jain also observed higher tensile values in
E-glass composites compared to natural fiber coun-
terparts [15]. Conversely, Miah et al. found that un-
der weld-line conditions in polyethylene terephthalate

matrices, short glass fibers could experience notable
tensile strength reductions, indicating that processing
factors may reverse the advantage seen in the current
study [16].

Short E-glass fiber-reinforced composites also
showed a markedly higher fatigue limit (420,174 cy-
cles) than polyethylene ribbon-reinforced composites
(301,191 cycles), indicating superior endurance under
repeated loading. Molnar et al., reported that flow-
able short fiber-reinforced composites in endodonti-
cally treated molars demonstrated significantly higher
fatigue survival compared to other restorative mate-
rials, reinforcing the durability advantage of short fiber
systems [17]. Conversely, Volom et al. reported higher
survival in polyethylene fiber systems with cuspal cove-
rage, indicating that under specific configurations, polye-
thylene fibers may outperform glass fibers [18]. These
discrepancies may be due to differences in fiber orien-
tation, matrix composition, and load application mode.

CONCLUSIONS

Short E-glass fiber reinforcement consistently out-
performed polyethylene ribbon reinforcement in all
tested mechanical properties, including fracture re-
sistance, tensile strength, and fatigue limit. Within the
limits of this study, sFRC appears to be the preferred
choice for reinforcing restorations subjected to high
occlusal forces.
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