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Abstract: To estimate the fracture resistance, impact strength and
surface roughness on Kevlar fiber reinforced PMMA at different
concentrations (2%, 3% & 5%) (w/w), both with and without silane
surface treatment. Settings & Design: An invitro study design.
Materials & Methods: The study included one hundred eighty-nine
samples (n=189) in total. Balanced experimental approach with equal
group sampling (n=63) was done among Group A (Fracture
resistance), Group B (Impact Strength) & Group C (Surface
roughness) that were divided into control group with unreinforced
PMMA (n=9) and six experimental groups (n=9) with Kevlar-
reinforced PMMA at various concentrations (2%, 3% & 5%).
Experimental groups were equally distributed into three untreated
subgroups and three treated subgroups with silane coupling agent;
Subgroup 1-2%w/w; Subgroup 2- 3%w/w & Subgroup 3- 5%w/w.
Conventional heat-polymerization protocols were duly followed &
mechanical testing using a universal testing machine for fracture
resistance, Izod impact tester for impact strength, and a surface
profilometer for surface roughness was done. Statistical Analysis
Used: Post Hoc Tukey's & One Way ANOVA was applied for
comparisons between groups and subgroups. Results: Experimental
group significantly improved both fracture and impact strength
compared to control group. Among all groups, subgroup 3 (5%
silane-treated Kevlar group) exhibited the highest fracture resistance
(98.88 for untreated; 101.77 for silane-treated), highest impact
strength (9.72 for untreated; 10.28 for silane- treated) and lowest
surface roughness (0.5100 for untreated; 0.4911 for silane-treated)
respectively. Conclusions: Subgroup 3 (5% Kevlar reinforcement
with silane treatment) provided the most favorable combination of
strength and surface characteristics.

Keywords: Kevlar fibers, PMMA resin, fracture resistance, impact
strength, surface roughness, silane treatment.

INTRODUCTION

First introduced by Walter Wright and Vernon
Brothers in 1937, in Philadelphia,
Polymethylmethacrylate (PMMA) 1is the most
common “material of choice” for fabricating various
prostheses in dentistry. [1-3] Bestowed with
appreciable aesthetic appeal, precise fit, ease of
manipulation and affordability, this material

documented a steady rise over the years, serving
multipurpose applications in clinical practice.[3]
However, scientific studies reported certain
disadvantages with PMMA. Polymerization
shrinkage was a major problem resulting in
dimensional errors, especially in denture bases.
Furthermore, leftover residual monomers could
irritate oral mucous membranes, raising concerns
about biocompatibility of the material. From a
mechanical perspective, PMMA demonstrated
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additional defects such as poor bonding ability, low
fatigue resistance, and limited impact strength, which
could result in denture fractures and functional
failure. [4,5]

Regarding fracture resistance, PMMA reported
suboptimal”outcome leading to high cost and high
frequency of denture repairs performed each year.[6]
Midline fracture was another inherent limitation that
resulted due to flexural fatigue.[7] About 68% of
impact strength failure due to sudden forceful
impacts and accidental drops of denture were
documented.[8] Sometimes denture break could
occur within the mouth and initiate cracks due to
stress concentration and torsional forces exerted
during functional use.[9,10] This was attributed to
low flexure modulus and reduced yield point
distance of the material leading to low
durability.[11,12]

PMMA also showed surface roughness with
microbial colonization leading to discomfort and
irritation. Discoloration and plaque retention could
further impact the overall dental health reducing the
aesthetic longevity of the prostheses. [13,14] Hence
to overcome these constraints, few evidence based
studies [15-19] aimed to modify the chemical
structure of PMMA with reinforcing agents (fibers
and fillers) of various shapes, sizes and
concentrations. This led to the era of “Reinforcement
of PMMA leading to the rapid development of
specifically tailored polymers such as Aramid fibers,
E-glass fibers, nylon fibers, zirconia, aluminum, tin,
copper and other whisker-like structures of
compounds such as TiO,, ZnO, and Al,03.[15-19]
These could serve as a viable option for targeting key
physiochemical characteristics for improving the
longevity, functionality, and reliability = of
prostheses.[20] Moreover, recent advancements with
computer-aided  design and  manufacturing
(CAD/CAM) technology yielded high performance
abilities with reinforced PMMA technique.[4]
However, the fibers could only disrupt the
homogenous acrylic resin matrix because of a poor
fiber-resin contact, which affected impacted the
mechanical properties. A study on the surface
treatment of the fibers was conducted in an attempt
to address this issue.[21] Pretreated with a silane-
based adhesion promoter with ethanol or
isopropanol solutions at concentrations of 90-95%
were commonly deployed.[22] One study used more
diluted solutions of silane (approximately 20% to
50%) on glass fibers to enhance the fracture
resistance of interim fixed partial dentures.[23] Few
studies inferred that Kevlar fiber reinforcement could
surpass the nylon and E glass fibers due to its good
mechanical adaptability, enhanced tensile strength
and increased modulus of elasticity. [24-26]
Additionally, it showed good biocompatibility and
improved impact strength and fatigue resistance with

no signs of toxicity, making it a most favorable
choice for the present study. It is also considered as
the most preferred choice for long term use in dental
applications.[27] However, comparative studies
wherein surface treatment of Kevlar fibers using
silane coupling agents at different concentrations
2%, 3% & 5%) (w/w), and its effect to assess
parameters such as fracture resistance, impact
strength and surface roughness were scare in
literature.

Based on the identification of this research gap, we
formulated the Research gap question (RQ) as:
“Does Kevlar fiber reinforced PMMA at different
concentrations (2%, 3% & 5%) (w/w), both with and
without silane surface treatment improve the fracture
resistance, impact strength and surface roughness of
Acrylic dentures?” We planned to bridge the gap by
conducting a study to examine how the mechanical
and surface characteristics of
polymethylmethacrylate (PMMA) resin were
affected by reinforcing with Kevlar fibers as well as
to assess parameters such as fracture resistance,
impact strength, and surface roughness, that
contribute crucially to the evaluation of the
material’s performance, durability, and clinical
applicability in dental prosthetic and restorative
procedures.

MATERIAL AND METHODS
An invitro study was carried out after due permission
from the ethical committee bearing the protocol
number 675/2022-2023. This research study was
conducted as per the “Helsinki Declaration of 1975,
as revised in 2000”. The “CRIS Guidelines
(Checklist for Reporting In-vitro Studies)” were
suitably followed for in-vitro research. A study
conducted in 2022 by “Pradhan S et al” [14]
evaluated the surface topography of Heat Cure
Acrylic Denture-base Resin before and after
Reinforcement with Different Fibers Using Stylus-
based Profilometer” was considered as a
reference/parent article for choosing the appropriate
sample size.
The sample size calculation was:
n=2 S2(Z1+Z2)2

M1-M2)2

Considering the above and fixing a 5% level of
significance with 80% power, total minimum
calculated sample was 56 samples (8 samples per
group; total 7 groups). Hence, we included total 189
samples with 63 samples each for Group A, Group B
& Group C and 9 samples each for control group and
subgroup 1 (2% w/w), subgroup 2 (3 % w/w) and
subgroup 3 (5 % w/w). Power analysis was
established by G * Power version 3.0.1) Franz Faul
Universitat, Keil, Germany) yielded a power of 80%
with p<0.05 (a error 0.05 & Berror 0.8). The null
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hypothesis was set, stating “there was no difference
fracture resistance, impact strength and surface
roughness Kevlar fiber reinforced PMMA at different
concentrations (2%, 3% & 5%) (w/w), both with and
without silane surface treatment” and was tested at
0.05 level significance. A total of one hundred and
eighty-nine samples (n=189) were included in the
study. Balanced experimental approach with equal
group sampling (n=63) was done among Group A
(Fracture resistance), Group B (Impact Strength) &
Group C (Surface roughness) that were further
divided into control group with unreinforced PMMA
(n=9) and six experimental groups (n=9) with
Kevlar-reinforced PMMA at various concentrations
(2%, 3% & 5%). Experimental groups were equally
distributed into three untreated subgroups and three
treated subgroups with silane coupling agent;
Subgroup 1-2%w/w; Subgroup 2- 3%w/w &
Subgroup 3- 5%w/w.

Preparation of Mold: Wax blocks (Prime Dental
Products Pvt Limited; ISO 13485:2016) with
predefined dimensions (3 X 4.5 X 50 mm) for
fracture resistance (Group A) and impact strength
(Group B) and discs (10 X 2 mm) for surface
roughness (Group C) were used to manufacture
dental plaster molds. A thin layer of petroleum jelly
(Vasa Cosmetics Pvt Ltd; ISO 9001:2015) was
applied. Before being used, the Kevlar fibers (Shreeji
Techno Innovations, Ahmedabad, Gujrat) were
trimmed using scissors into lengths of 0.5 £ 0.1 mm.
[Figure 1A]

Control group: Two milliliters of monomer (D.D.
Enterprise) and five grams of PMMA polymer
powder (D.D. Enterprise) were combined. After the
mixture reaches the dough stage, it is kneaded and
filled into the mold. A hydraulic press (Siro Dental
Division, Italy) was used to close the trial under 100
psi of pressure. Extra flash was cut out. After being
clamped, the flask was allowed to cure

(Wassermann- Dental Maschinen, Hamburg,
Germany; DIN EN ISO 9001: 2008) on a bench. The
flasks were submerged in boiling water and kept at
80°C for 45 minutes. The flasks were bench cured to
room temperature following polymerization and then
deflasked.

Experimental group: To ensure uniformity, each
group employs the same monomer volume (2 mL)
and total polymer-fiber weight (5 g) as the control
group. [Figure 1B]

Subgroup 1 (2% Fiber Reinforcement): 4.90 g of
PMMA powder and 0.10 g of Kevlar fiber were
mixed together and processed.

Subgroup 2 (3% Fiber Reinforcement): 4.85 g of
PMMA powder and 0.15 g of Kevlar fiber were
mixed together & combined with two milliliters of
monomer and processed as necessary.

Subgroup 3 (5% Fiber Reinforcement): 4.75 g of
PMMA powder and 0.25 g of Kevlar fiber were
mixed together and mixed with two milliliters of
monomer and treated in the same way as the other
groups.

Fiber surface treatment: After being immersed in
silane  (Fusion-Duralink® Angelus® Bonding
Agent), the fibers were allowed to air dry for 20
minutes. To improve bonding with PMMA, fibers
were immersed in monomer for ten minutes after
drying. The fibers treated with silane and monomer
were then mixed with PMMA powder according to
group-specific ratios. The resin dough was removed
from the mixing jar, placed inside the mold, and
bench pressed using a hydraulic press (Hydraulic
Press P 400, Sirio Dental Division), gradually
applying pressure. After submerging the clamped
mold in room temperature water (23 +/- 2°C), it was
gradually elevated to 80°C and kept there for 45
minutes. [Figure 1C] The finishing & polishing was
done..

PREPARATION OF MOLD

KEVLAR FIBRE TREATMENT

SPECIMEN WITHOUT REINFORCEMENT

=S AR
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SPECIMEN WITH REINFORCEMENT

Figure 1: Methodology of the study

Testing procedures: The Universal Testing Machine (UTM) (Instron, Tinius Olsen, Shimadzu, Zwick Roell Group, and
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Anton Paar) was used to measure fracture resistance for all six experimental groups. The test was conducted using a
pendulum with a 2-joule capacity. The impact energy absorbed during the quick blow was shown immediately on the
scale in joules as the energy needed to fracture the specimen upon impact. A contact-type profilometer (Taylor
Hobson, Mitutoyo, Bruker, and KLLA Corporatio; ISO 9001:2015) was used to measure surface roughness. Under a
constant stylus force of four millinewtons (mN), each disc-shaped object was scanned at three different spots on its
surface. Based on the average of the three recorded values, the device determined the average surface roughness (Ra, in
micrometers).

Statistical analysis: Microsoft Excel version 13 was used to collect and enter the data.

IBM Statistical Package for Social Science version 21 was used to statistically evaluate the data. The mean and standard
deviation for continuous variables were obtained in order to compare the parameters between Post Hoc Tukey's Groups
Analysis of Variance.

A 95% confidence range was used for each statistical test, and a value of p<0.05 was considered statistically significant.

RESULTS

One-way analysis of variance (ANOVA) revealed a significant difference for fracture resistance (F = 62.925, p < 0.001),
impact strength (F = 61.501, p < 0.001) and surface roughness (F = 10.170, p < 0.001) respectively. The control group
with untreated PMMA had the lowest mean fracture resistance of about 84.97 units (SD=3.36) and lowest mean impact
strength, at roughly 7.29 units (SD= 0.48). The mean surface roughness of 0.5222 units (SD = 0.02906) was reported by
the control group. However, the addition of Kevlar fibers, particularly when silane-treated, improved fracture resistance.
For the subgroup 1 (2% Kevlar fiber-reinforced PMMA), the mean values increased to 91.98 (untreated) and 94.23
(silane-treated); subgroup 2 (3% Kevlar fiber-reinforced PMMA), it showed 95.78 (untreated) and 98.53 (silane-treated);
and for the subgroup 3 (5% Kevlar fiber-reinforced PMMA), they increased to 98.88 (untreated) and 101.77 (silane-
treated) [Figure 2].

Mean Distribution and Comparison of the Fracture Resistance
between Groups
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Figure 2: Mean Distribution and Comparison of the Fracture Resistance between Groups

These findings clearly illustrate that PMMA's mechanical strength is maximized by the quantity of Kevlar fibers and the
use of silane treatment. Similarly, the impact strengths also increased gradually. The subgroup 1 (2% untreated and
silane-treated Kevlar fiber-reinforced PMMA) had means of roughly 8.19 and 8.76, respectively; the subgroup 2 (3%
Kevlar fiber-reinforced PMMA) had means of roughly 8.88 (untreated) and 9.46 (silane-treated); and the subgroup 3 (5%
Kevlar fiber-reinforced PMMA) increased further to roughly 9.72 (untreated) and 10.28(silane-treated) [Figure 3].

Mean Distribution and Comparison of the Impact Strength
between Groups
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unmodified PMMA  PMMA (silane-  PMMA  PMMA (silane- PMMA  PMMA (silane-
PMMA (untreated) treated) (untreated) treated) (untreated) treated)

Figure 3: Mean Distribution and Comparison of the Impact Strength between Groups

In case of surface roughness, the addition of 2% Kevlar fibers without silane treatment significantly raised surface
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roughness to 0.5800, showing a statistically substantial rise in surface irregularity (mean difference = — 0.05778, p =
0.001) [Figure 4]

Mean Distribution and Comparison of the Surface Roughness
between Groups

0.52
0.50
0.48
0.46
0.44

Control group 2% Kevlar fiber- 2% Kevlar fiber- 3% Kevlar fiber- 3% Kevlar fiber- 5% Kevlar fiber- 5% Kevlar fiber-
with unmodified  reinforced reinforced reinforced reinforced reinforced reinforced

PMMA PMMA PMMA (silane- PMMA PMMA (silane- PMMA PMMA (silane-
{untreated) treated) (untreated) treated) (untreated) treated)

The mean roughness marginally dropped to 0.5467 after silane treatment at a 2% fiber concentration, but it was still
higher than the control. However, both the untreated and silane-treated groups displayed increasingly smoother surfaces
as the fiber content rose to 3% and 5%. In particular, the 5% groups displayed mean roughness values of 0.5100
(untreated) and 0.4911 (silane-treated), whereas the 3% Kevlar groups displayed mean roughness values of 0.5333
(untreated) and 0.5022 (silane-treated). This trend suggests that surface smoothness approached or perhaps exceeded that
of the untreated PMMA at larger concentrations of Kevlar fibers, especially when silane-treated.

The Tukey HSD post hoc comparisons & pairwise comparisons between the fiber-reinforced groups demonstrated that
silane treatment tends to increase fracture resistance and impact strengths with mean difference between the control
group and the subgroup 3 was —16.80, p < 0.001 [Table 1] & p < 0.001 in all cases. [Table 2 & 3]

Figure 4: Mean Distribution and Comparison of the
Surface Roughness between Groups
Multiple Comparisons

Dependent Variable:  Fracture Resistance
Tukey HSD

Mean Difference 95% Confidence Interval

(I-J) Std. Error P Lower Bound [Upper Bound
(I) Groups (J) Groups 'Value
Control 2% Kevlar
group with/fiber- reinforced -10.0312
unmodified PMMA -7.01111 .98760 .000 -3.9910
PMMA

(untreated)

2% Kevlar
fiber-
reinforced PMMA |-9.26667 .98760 .000 -12.2867 -6.2466
(silane-
treated)

3% Kevlar
fiber- reinforced - 13.8312
PMMA -10.81111 .98760 .000 -7.7910
(untreated)

3% Kevlar
fiber-
reinforced PMMA |-13.56667 98760 .000 -16.5867 - 10.5466
(silane-
treated)

5% Kevlar
fiber- reinforced -16.9312 -10.8910
PMMA -13.91111 .98760 .000
(untreated)
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5% Kevlar
fiber-

reinforced PMMA
(silane-

treated)

-16.80000

.98760

.000

- 19.8201

- 13.7799

2% Kevlar
fiber-
reinforced
PMMA
(untreated)

2% Kevlar
fiber-
reinforced
PMMA
(silane-
treated)

-2.25556

.98760

270

-5.2756

.7645

3% Kevlar
fiber-
reinforced
PMMA
(untreated)

-3.80000

.98760

.005

-6.8201

-.7799

3% Kevlar
fiber-
reinforced
PMMA
(silane-
treated)

-6.55556

.98760

.000

-9.5756

-3.5355

5% Kevlar
fiber-
reinforced
PMMA
(untreated)

-6.90000

.98760

.000

-9.9201

-3.8799

5% Kevlar
fiber-
reinforced PMMA

(silane-
treated)

-9.78889

.98760

.000

12.8090

-6.7688

2% Kevlar fiber-
reinforced
PMMA

(silane- treated)

3% Kevlar
fiber- reinforced
PMMA

(untreated)

-1.54444

.98760

705

-4.5645

1.4756

3% Kevlar
fiber- reinforced
PMMA

(silane-

treated)

-4.30000

.98760

.001

-7.3201

-1.2799

5% Kevlar
fiber- reinforced
PMMA

(untreated)

-4.64444

.98760

.000

-7.6645

-1.6244

5% Kevlar
fiber- reinforced
PMMA

(silane-

treated)

-7.53333

.98760

.000

-10.5534

-4.5133

3% Kevlar fiber-
reinforced
PMMA
(untreated)

3% Kevlar
fiber- reinforced
PMMA

(silane-

treated)

-2.75556

.98760

.096

-5.7756

.2645

5% Kevlar

fiber- reinforced
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I ——
PMMA -3.10000 .98760 .041 -6.1201 -.0799
(untreated)
5% Kevlar
fiber- reinforced
PMMA -5.98889 .98760 .000 -9.0090 -2.9688
(silane-
treated)
3% Kevlar fiber-5% Kevlar
reinforced fiber- reinforced
PMMA PMMA -.34444 .98760 1.000 -3.3645 2.6756
(silane- treated) |(untreated)
5% Kevlar
fiber- reinforced
PMMA -3.23333 .98760 .028 -6.2534 -.2133
(silane-
treated)
5% Kevlar fiber-5% Kevlar
reinforced fiber- reinforced
PMMA PMMA -2.88889 .98760 .070 -5.9090 1312
(untreated) (silane-
treated)
Table 1. Pairwise Comparison of the Fracture Resistance between Groups
Multiple Comparisons

Dependent Variable:  Impact Strength

Tukey HSD
Mean Std. Error [P 95% Confidence
Difference (I-J) Value |[Interval
(I) Groups (J) Groups Lower Upper Bound
Bound

Control group2% Kevlar fiber-
with reinforced PMMA
unmodified (untreated) -.90000 .18027 .000 -1.4513 -.3487
PMMA 2% Kevlar fiber-
reinforced PMMA
(silane- -1.46667 .18027 .000 -2.0179 -.9154
treated)
3% Kevlar fiber-
reinforced PMMA
(untreated) -1.58889 .18027 .000 -2.1401 -1.0376
3% Kevlar fiber-
reinforced PMMA

(silane- treated) -2.16667 .18027 .000 -2.7179 -1.6154
5% Kevlar fiber-

reinforced PMMA

(untreated) -2.43333 .18027 .000 -2.9846 -1.8821

5% Kevlar fiber-
reinforced PMMA
(silane- treated) -2.98889 .18027 .000 -3.5401 -2.4376
2% Kevlar 2% Kevlar fiber-
fiber- reinforcedireinforced PMMA

PMMA (silane- treated) -.56667 .18027 .040 -1.1179 -.0154
(untreated) 3% Kevlar fiber-

reinforced PMMA

(untreated) -.68889 .18027 .006 -1.2401 -.1376

3% Kevlar fiber-
reinforced PMMA
(silane- treated) -1.26667 18027 .000 -1.8179 -.7154

1717 © 2025 European Journal of Clinical Pharmacy; All Right Reserved




How to Cite: Somani JS, Gaikwad A, Sanyal PK.Estimation of Fracture Resistance, Impact Strength and Surface
Roughness on Kevlar Fiber Reinforced Polymethyl Methacrylate Resin: An In Vitro Study. European Journal of Clinical
Pharmacy. 2025;7(1):1711-1723.

5% Kevlar fiber-
reinforced PMMA
(untreated)

-1.53333

.18027

.000

-2.0846

-.9821

5% Kevlar fiber-
reinforced PMMA
(silane- treated)

-2.08889

.18027

.000

-2.6401

-1.5376

2% Kevlar
fiber- reinforced
PMMA

3% Kevlar fiber-
reinforced PMMA
(untreated)

-.12222

.18027

.993

-.6735

4290

(silane- treated)

3% Kevlar fiber-
reinforced PMMA
(silane-
treated)

-.70000

.18027

.005

-1.2513

-.1487

5% Kevlar fiber-
reinforced PMMA
(untreated)

-.96667

.18027

.000

-1.5179

-.4154

5% Kevlar fiber-
reinforced PMMA
(silane-
treated)

-1.52222

.18027

.000

-2.0735

-9710

3% Kevlar
fiber- reinforced
PMMA

3% Kevlar fiber-
reinforced PMMA
(silane- treated)

-.57778

.18027

.034

-1.1290

-.0265

(untreated)

5% Kevlar fiber-
reinforced PMMA
(untreated)

-.84444

.18027

.000

-1.3957

-.2932

5% Kevlar fiber-
reinforced PMMA
(silane- treated)

-1.40000

.18027

.000

-1.9513

-.8487

3% Kevlar

5% Kevlar fiber-

fiber- reinforcedireinforced PMMA

PMMA

(untreated)

-.26667

.18027

756

-.8179

.2846

(silane- treated)

5% Kevlar fiber-
reinforced PMMA
(silane- treated)

-.82222

.18027

.001

-1.3735

-.2710

5% Kevlar

5% Kevlar fiber-

fiber- reinforcedireinforced PMMA

PMMA

(silane- treated)

(untreated)

-.55556

.18027

.047

-1.1068

-.0043

2% Kevlar 2%
fiber-
reinforced
PMMA
(silane-
treated)

fiber-
reinforced
PMMA
(untreated)

Kevlar

-2.25556

.98760

.270

-5.2756

.7645

3% Kevlar
fiber-
reinforced
PMMA
(untreated)

-3.80000

.98760

.005

-6.8201

-.7799

3% Kevlar
fiber-
reinforced
PMMA
(silane-
treated)

-6.55556

.98760

.000

-9.5756

-3.5355

5% Kevlar
fiber-

© 2025 European Journal of Clinical Pharmacy; All Right Reserved




How to Cite: Somani JS, Gaikwad A, Sanyal PK.Estimation of Fracture Resistance, Impact Strength and Surface
Roughness on Kevlar Fiber Reinforced Polymethyl Methacrylate Resin: An In Vitro Study. European Journal of Clinical
Pharmacy. 2025;7(1):1711-1723.
I ——
reinforced -6.90000 .98760 .000 -9.9201 -3.8799
PMMA
(untreated)
5% Kevlar
fiber-
reinforced -9.78889 .98760 .000 -
PMMA 12.8090
(silane-
treated)
2% Kevlar3% Kevlar
fiber- fiber- reinforced
reinforced PMMA -1.54444 98760 .705 -4.5645 1.4756
PMMA (untreated)
(silane- treated)|3% Kevlar
fiber- reinforced
PMMA -4.30000 98760 .001 -7.3201 -1.2799
(silane-
treated)
5% Kevlar
fiber- reinforced
PMMA -4.64444 98760 .000 -7.6645 -1.6244
(untreated)
5% Kevlar
fiber- reinforced

-6.7688

PMMA -7.53333 .98760 .000 - 10.5534 -4.5133
(silane-
treated)
3% Kevlar|3% Kevlar
fiber- fiber- reinforced
reinforced PMMA -2.75556 98760 .096 -5.7756 .2645
PMMA (silane-

(untreated) treated)

5% Kevlar
fiber- reinforced
PMMA -3.10000 98760 .041 -6.1201 -.0799
(untreated)

5% Kevlar
fiber- reinforced

PMMA -5.98889 98760 .000 -9.0090 -2.9688
(silane-
treated)
3% Kevlar/5% Kevlar
fiber- fiber- reinforced
reinforced PMMA -.34444 98760 1.000 -3.3645 2.6756
PMMA (untreated)

(silane- treated)|5% Kevlar
fiber- reinforced

PMMA -3.23333 98760 .028 -6.2534 -.2133
(silane-
treated)
5% Kevlar|5% Kevlar
fiber- fiber- reinforced
reinforced PMMA -2.88889 98760 .070 -5.9090 1312
PMMA (silane-

(untreated) treated)
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Table 2. Pairwise Comparison of the Impact Strength between Groups

Multiple Comparisons

Dependent Variable:  Surface Roughness

Tukey HSD

(I) Groups (J) Groups Mean Std. Error P 95%

Difference (I-J) Value |Confidence Interval
Lower rUpper
Bound Bound

Control  groupl2%  Kevlar fiber-

with reinforced PMMAI-.05778 .01336 .001 -.0986 -.0169
unmodified (untreated)
PMMA 2%  Kevlar fiber-
reinforced PMMA|-.02444 .01336 .535 -.0653 .0164

(silane-treated)
3% Kevlar fiber-

reinforced PMMA|-.01111 .01336 981 -.0520 .0298
(untreated)

3%  Kevlar fiber-

reinforced PMMA|.02000 .01336 746 -.0209 .0609

(silane-treated)
5%  Kevlar fiber-

reinforced PMMA|.01222 .01336 .969 -.0286 .0531
(untreated)

5% Kevlar fiber-

reinforced PMMA|.03111 .01336 .249 -.0098 .0720

(silane-treated)
2% Kevlar 2%  Kevlar fiber-

fiber- reinforcedireinforced PMMA.03333 .01336 181 -.0075 .0742
PMMA (silane-treated)
(untreated) 3%  Kevlar fiber-
reinforced PMMA|.04667 .01336 .015 .0058 .0875
(untreated)
3% Kevlar fiber-
reinforced PMMA|.07778 .01336 .000 .0369 .1186

(silane-treated)
5%  Kevlar fiber-

reinforced PMMA|.07000 .01336 .000 .0291 .1109
(untreated)

5%  Kevlar fiber-

reinforced PMMA|.08889 .01336 .000 .0480 .1298

(silane-treated)
2% Kevlar 3%  Kevlar fiber-

fiber- reinforcedfreinforced PMMA|.01333 .01336 952 -.0275 .0542
PMMA (untreated)
(silane- treated) (3%  Kevlar fiber-

reinforced PMMA|.04444 .01336 .025 .0036 .0853

(silane-treated)
5%  Kevlar fiber-

reinforced PMMA|.03667 .01336 .106 -.0042 .0775
(untreated)

5%  Kevlar fiber-

reinforced PMMA|.05556 .01336 .002 .0147 .0964

(silane-treated)

3% Kevlar 3%  Kevlar fiber-
fiber- reinforced [reinforced PMMAJ.03111 .01336 .249 -.0098 .0720
(silane-treated)
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PMMA 5%  Kevlar fiber-
(untreated) reinforced PMMA|.02333 .01336 .589 -.0175 .0642
(untreated)
5%  Kevlar fiber-
reinforced PMMA|.04222 .01336 .038 .0014 .0831
(silane-treated)
3% Kevlar 5%  Kevlar fiber|-.00778 .01336 997 -.0486 .0331
fiber- reinforcedireinforced PMMA
PMMA (untreated)
(silane- treated) 5%  Kevlar fiber{|.01111 .01336 981 -.0298 .0520
reinforced PMMA
(silane-treated)
5% Kevlar 5%  Kevlar fiber-|.01889 .01336 .792 -.0220 .0598
fiber- reinforcedireinforced PMMA
PMMA (silane-treated)
(untreated)

Table 3. Pairwise Comparison of the Surface Roughness between Groups

DISCUSSION

Based on the objective of the present study, PMMA
showed enhanced properties, when reinforced with
Kevlar fibers at varying concentrations. The study
inferred that Kevlar fibers increased the stiffness and
flexural  strength, absorbed impact energy,
maintained light weight and workability of PMMA,
thereby making it resistance to repetitive and sudden
forces during accidental drops or fractures and
preventing permanent deformation. Additionally, the
crack-arresting nature of Kevlar fibers prevents the
growth of internal flaws, reducing the likelihood of
fracture under cyclic loading. Furthermore, the low
density of these fibers makes it comfortable for the
patient as the prosthesis is light weight and non-
bulky, thereby increasing the mechanical durability
and long-term extended service life with fewer repair
visits. Being chemically inert, it did not provoke any
reactions and imparted better fiber matrix interaction
with silane treatment. Hence it improved the clinical
longevity, reinforced toughness without added bulk,
increased crack resistance and proved to be
biocompatible and safe for intraoral use. These
findings were consistent with those of John et al. [28]
in 2001 and Vallittu et al. [29] in 1996, who found
that the flexural strength of heat-polymerized
PMMA resin was significantly improved by Kevlar
fibers when compared to unreinforced resin and
those reinforced with nylon fibers. Furthermore,
Karacaer et al. [30] in 2003 inferred that the length &
concentration of reinforcing fibers had a significant
influence on the material's final strength. Stipho
(1998) observed similar outcomes when glass fibers
were added to autopolymerizing PMMA, with the
most impacts occurring at higher concentrations of 5-
7%. [31] These results were corroborated by the
study's present findings. Vallittu in 1996 emphasized
the importance of fiber orientation, stating that
unidirectional arrangement parallel to stress
application produces the best reinforcement.[29]

Although the fibers in the present research were short
fibers that were manually added, giving them a
random orientation of multidirectional stress
distribution, the mechanical results were still
noticeably superior to the control.

The impact strength of PMMA was evaluated using
Kevlar and polyethylene fibers by Kamath and
Bhargava et al. in 2002 [24]. They found that Kevlar
is more effective and offers greater impact resistance
because of its inherent high tensile strength and
energy-absorbing capacity. Similar improvements
with aramid fibers and other woven fibers were
demonstrated by Uzun et al. [32] in 1999, indicating
that woven or randomly oriented short fibers
continue to provide significant reinforcing.

Although the mechanical qualities improved with the
addition of Kevlar fibers, there was initially a modest
increase in surface roughness, especially at lower
fiber concentrations without silane treatment.
Nevertheless, surface roughness gradually decreased
with increasing concentrations of silane application,
producing a smoother and more clinically
advantageous surface.This outcome was consistent
with research by Ellakwa et al. [33] (2002). In our
study, the silane-treated groups showed smoother
surfaces than the untreated groups, perhaps as a
result of better fiber integration and fewer voids. This
study demonstrated improved mechanical property
performance using the silane surface treatment
method. This outcome was consistent with the
findings of Ellakwa et al. [33] (2002). Additionally, it
closes gaps that could jeopardize structural integrity.
Additionally, when full dentures are reinforced with
E-glass fibers, Kim and Watts (2004) demonstrated
the significance of fiber pretreatment in obtaining the
best bonding and fracture resistance. [34]
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However, there were few limitations. Since the study
was conducted wunder controlled laboratory
conditions, it could not fully replicate the complex
intraoral environment. It did not include standard
operating procedures (thermal cycling or water
aging), thereby simulating long-term oral use. These
processes can influence both fiber- matrix integrity
and surface characteristics. Moreover, the fibers were
mixed manually with random orientation within the
PMMA matrix. A uniform, directional alignment
may have provided even greater mechanical
reinforcement. The standardized rectangular bar
specimens may not fully reflect the anatomical shape
and stress distribution in actual denture bases or
clinical prostheses. Future research can be conducted
on stimulated models depicting intraoral conditions
reflecting the actual anatomy and unidirectional
stress distribution.

CONCLUSION: Kevlar fibers are unique
because of their outstanding tensile strength,
resistance to fatigue, and biocompatibility. Kevlar
fiber reinforcement significantly improved both

fracture and impact strength compared to
unmodified PMMA.
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