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Abstract

Background and objective: Dental composites' dependence on pricey imported components often raises
price concerns and restricts accessibility in restorative dentistry. In Pakistan, using locally produced
materials presents a viable alternative for more affordable and environmentally friendly dental treatments.
This study aimed to develop and evaluate dental composites sourced from locally available materials in
Pakistan for cost-effectiveness, performance, and durability.

Methodology: A study comprising 385 patients, aged 18-65 years, who underwent composite restorations
made of novel materials, was carried out at Sardar Begum Dental College, Peshawar, from January 2023 to
December 2023. Patient comfort, aesthetic quality, and durability were the three main criteria used to assess
clinical performance. The physical characteristics of adhesion strength, wear resistance, and hardness were
evaluated in lab settings. Costs for materials, processing, and clinical application were all considered in a
thorough cost study. SPSS version 26 (Armonk, NY: IBM Corp.) was used for the statistical analysis, and both
descriptive and inferential statistics were used. The novel composites were compared with standard
materials using t-tests, and cost differences were assessed. A p-value of less than 0.05 was considered
statistically significant.

Results: The novel composites exhibited superior performance with a durability of 12.57 # 1.83 months (n =
385 patients), compared to 11.05 # 2.38 months for conventional composites (p < 0.05). They also scored
higher in aesthetic quality (8.35 + 1.48 vs. 7.82 * 1.59) and patient comfort (4.52 * 0.79 vs. 4.27 = 0.83) (p <
0.05). Laboratory tests showed greater hardness (48.79 + 3.22 Vickers), better wear resistance (0.28 + 0.05
mm®), and higher adhesion strength (22.96 * 1.68 MPa) (p < 0.05). Cost analysis revealed significant savings,
with total costs per patient of PKR 8,980 for novel composites vs. PKR 33,000 for conventional composites (p
<0.05).

Conclusion: Novel dental composites developed from locally sourced materials demonstrate superior
performance and significant cost reductions, highlighting their potential to enhance the accessibility and
affordability of dental care in Pakistan.

Categories: Dentistry, Medical Education
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Introduction

Dental composites must not only fulfill strict performance requirements but also take economic and
environmental factors into account. This has been made possible by the search for novel dental materials,
which has greatly advanced the area of restorative dentistry [1,2]. Dental composites are a mainstay of
contemporary restorative procedures because of their adaptability and visual attractiveness [3,4]. However,
the creation of these materials often depends on pricey, foreign components, which might restrict
accessibility and drive up dental care costs [5].

The accessibility of locally available materials in Pakistan offers an unexplored potential to further dental
composite technology [6]. The nation has abundant natural resources that might be used to create high-
quality, reasonably priced dental materials that could revolutionize regional dentistry practices [7]. By using
these local resources, composites can be designed to meet the specific needs of the local population,
enabling greater customization based on regional dental needs, such as variations in oral health patterns.
Furthermore, using locally sourced materials contributes to sustainability by reducing the environmental
impact of importing raw materials. This approach also helps lower dependency on foreign sources, ensuring
more consistent material availability and improved accessibility for patients. The utilization of locally
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derived composites promises to offer significant advantages, both in terms of economic feasibility and
sustainability, while maintaining high clinical standards and meeting the specific demands of the
community [8,9].

Imported raw materials have dominated the conventional method of dental composite composition, which
presents issues with cost and sustainability [10-12]. This study attempts to solve these problems by
examining substitute resources that may provide comparable or better performance qualities, with an
emphasis on locally derived materials. This strategy has the ability to save expenses while also promoting
more sustainable dental practices. Additionally, it is critical to assess the efficacy, robustness, and patient
comfort of these locally derived dental composites. It guarantees that the new materials satisfy the same
exacting criteria as their imported equivalents, maintaining the high caliber of dental treatment while
improving patient accessibility.

Research objective

This research aimed to develop and characterize novel dental composites using locally sourced materials
from Pakistan, evaluating their performance, durability, and cost-effectiveness compared to conventional
composites.

Materials And Methods
Study design and setting

This research used an experimental methodology to create and evaluate new dental composites made of
components that were acquired locally. The study was conducted at the Sardar Begum Dental College,
Peshawar, Pakistan, from January to December 2023.

Inclusion and exclusion criteria

Adults aged between 18 and 65 years who needed composite restorations and practiced excellent oral
hygiene were included in this study. Excellent oral hygiene was defined as brushing the teeth at least twice
daily, flossing once a day, and having no clinical signs of plaque accumulation, gingival inflammation, or
other oral hygiene deficiencies. Participants with serious systemic health conditions were excluded if they
had uncontrolled diabetes, cardiovascular diseases, immune system disorders, or other medical conditions
that might impair dental health or interfere with restorative procedures. Individuals with severe periodontal
disease, extensive carious lesions, allergies or sensitivities to any of the materials used in the study, or a
history of non-compliance with dental treatments or follow-up visits were excluded from participation.

Sample size

A total sample size of 385 participants was calculated using the World Health Organization’s sample size
formula for proportions. This number was chosen to ensure the statistical validity of the results and account
for potential dropouts or variability in responses. The calculation was based on a 95% confidence level, an
estimated proportion of 0.5, and a margin of error of 5%.

Data collection

The data collection process involved several crucial stages, starting with the preparation of the novel dental
composites. Locally sourced components were carefully processed and blended following established
methodologies. These components included a resin matrix, most likely composed of Bis-GMA, UDMA, and
TEGDMA, which are common materials used in dental composites. Additionally, silica-based fillers were
incorporated to enhance the mechanical strength of the composites, while silane coupling agents were used
to improve the bond between the matrix and fillers. Photoinitiators, such as camphorquinone, were included
for effective light curing. These materials were chosen for their local availability and ability to achieve the
desired properties such as durability, wear resistance, and aesthetic quality.

To contextualize the data, participants' age, gender, and level of oral hygiene were recorded. Following this,
each patient underwent standard restorative procedures, which are typical in restorative dentistry. The
process involved preparing the cavity by removing decayed or damaged tissue. The tooth surface was then
etched with phosphoric acid to create a rough texture that would enhance adhesion. An adhesive bonding
agent was applied to the prepared tooth surface, and the composite material was placed in layers. Each layer
was light-cured before the next layer was applied. Once the restoration was complete, it was shaped,
polished, and finished to ensure proper occlusion and smooth surface contours, ensuring both functional
and aesthetic outcomes.

The restorations were performed by a team of experienced professionals. This included AK, an Associate
Professor at Khyber College of Dentistry, ME, a faculty member in the Department of Dental Materials at
Sardar Begum Dental College, as well as HI, BZB, BH, and ZR, who all have significant academic and
practical experience in restorative dentistry. Their combined expertise ensured a consistent and
standardized application of restorative techniques throughout the study.
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Clinical evaluations were conducted to assess the restorations' performance in terms of patient comfort,
durability, and cosmetic quality. Aesthetic quality was evaluated using a visual analog scale (VAS) from 1 to
10, where independent evaluators assessed the restorations based on criteria such as color match,
translucency, and surface smoothness. For patient comfort, a Likert scale (ranging from 1 to 5) was used
immediately after the treatment, where patients rated their comfort level regarding sensitivity, bite feel, and
overall satisfaction with the restoration. Additionally, the composites underwent comprehensive laboratory
testing to evaluate their mechanical and physical properties, including adhesion strength, wear resistance,
and hardness, ensuring that they met or exceeded the standards of commercially available microhybrid and
nanohybrid resin-based composites.

Statistical analysis

Using SPSS software version 26 (Armonk, NY: IBM Corp.), data analysis included both descriptive and
inferential statistics. The composite performance and study sample characteristics were summed together
using descriptive statistics. A p-value of less than 0.05 was considered statistically significant when
comparing the novel composites with traditional materials and evaluating cost differences. Inferential
statistics, such as t-tests, were used for this purpose.

Ethical approval

The study was started after being approved by the Ethical Review Committee of Sardar Begum Dental College
and the Ethical Committee of Gandhara University, Peshawar. Written informed permission was obtained
from each participant, guaranteeing that the study complied with ethical guidelines and protected patient
rights at every stage of the investigation.

Results

The study population, as shown in Figure 7, was relatively evenly distributed across age groups, with 120
participants (31.17%) in the 18-30 years age range, 150 participants (38.96%) in the 31-45 years age range,
and 115 participants (29.87%) in the 46-65 years age range, indicating a fairly balanced representation of
young, middle-aged, and older adults. The gender distribution was nearly equal, with 190 males (49.35%)
and 195 females (50.65%), suggesting minimal gender bias in the cohort. Regarding dental hygiene, an
overwhelming majority of the participants, 365 individuals (94.79%), reported acceptable levels of dental
hygiene, while only a small fraction, 20 individuals (5.21%), had poor dental hygiene.

m frequency (n) ™ Percentage (%)

400

330

300

250
E]
= 200

150

: I I I

0 - — - - . -
18-30 years 3l-45years  4B-B5years Male Female Good Poor
Age Range Gender Oral Hygiene

= Frequency (n) 120 130 115 180 185 365 0
 Percentage (%) ik 38.96 2987 48.35 5085 8478 52

Demographic Factor

FIGURE 1: Demographic distribution of study participants.

The results in Figure 2 illustrate that the novel dental composites outperform traditional ones across several
key performance metrics, offering both clinical and patient-centered advantages. With a significantly longer
average lifespan (12.57 # 1.83 months compared to 11.05 # 2.38 months for traditional composites), the
novel materials exhibit superior durability, which may contribute to reduced need for replacement and long-
term treatment efficacy. Aesthetically, the novel composites also scored higher, achieving a mean of 8.35 *
1.48, surpassing the traditional composites’ score of 7.82 + 1.59. This suggests an enhanced visual appeal,
potentially influencing patient satisfaction and cosmetic outcomes. Furthermore, while the difference in
patient comfort was relatively small, with the novel composites recording a score of 4.52 £ 0.79 vs. 4.27 £
0.83 for traditional composites, this slight improvement may still play a role in patient preference,
indicating that novel composites could offer a more pleasant treatment experience. Overall, these findings
highlight the multifaceted benefits of novel composites in terms of durability, aesthetics, and patient
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comfort, suggesting that they may be a more favorable option in clinical practice.
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FIGURE 2: Clinical performance of novel vs. conventional composites.

The results of laboratory tests comparing the mechanical and physical characteristics of novel and
traditional composites are presented in Figure 3. The new composites exhibited superior mechanical
properties, with a hardness measurement of 48.79 + 3.22 Vickers score, significantly surpassing the
traditional composites, which registered a hardness of 45.54 = 2.96 Vickers score. This increase in hardness
suggests that the novel composites may offer enhanced durability in applications where resistance to
deformation is critical. Moreover, the wear resistance of the new composites was notably better, with a mean
wear volume loss of 0.28 + 0.05 mm?®, compared to 0.32 * 0.04 mm? for traditional composites. This improved
wear resistance indicates a lower material loss during use, potentially translating to longer service life and
reduced maintenance costs. Additionally, the adhesion strength of the new composites measured at 22.96 +
1.68 MPa, was higher than the 21.03 * 1.89 MPa recorded for traditional composites, highlighting their
superior ability to bond with substrates. Collectively, these findings demonstrate that the novel composites
not only outperform traditional composites in key mechanical and physical attributes but also suggest their
potential for broader applications in industries requiring high-performance materials.
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FIGURE 3: Laboratory testing of physical and mechanical properties.

The new dental composites outperformed traditional ones across all evaluated criteria, indicating
significant improvements in both clinical and laboratory settings (Table 7). Clinically, the novel composites
demonstrated superior durability, with a longer average lifespan (12.57 * 1.83 months) compared to
traditional composites (11.05 * 2.38 months, p < 0.05), alongside enhanced patient comfort (4.52 £ 0.79 vs.
4.27 £ 0.83, p < 0.05) and aesthetic quality (8.35 * 1.48 vs. 7.82 * 1.59, p < 0.05). In laboratory tests, the new
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composites showed higher hardness (48.79 * 3.22 Vickers vs. 45.54 + 2.96 Vickers, p < 0.05), greater adhesion
strength (22.96 + 1.68 MPa vs. 21.03 * 1.89 MPa, p < 0.05), and better wear resistance (0.28 * 0.05 mm?3 vs.
0.32 £ 0.04 mm?, p < 0.05), all of which highlight the significant performance advantages of the new

composites.
Parameter Novel composites (mean * SD) Conventional composites (mean * SD) p-Value*
Durability (months) 12.57 £ 1.83 11.05+2.38 0.0076
Clinical ) .
Aesthetic quality 8.35+1.48 7.82+1.59 0.1867
performance
Patient comfort 4.52+0.79 4.27 +0.83 0.2370
Hardness (Vickers
48.79 + 3.22 45.54 + 2.96 0.0001
score)
Laboratory testin
VIeSINI \ear resistance (mm?) 028  0.05 032+ 0.04 0.0012
Adhesion strength (MPa) 22.96 + 1.68 21.03+1.89 0.0001

TABLE 1: Comparison of clinical performance and laboratory testing results between novel and
conventional dental composites.

*P-values are calculated through independent t-test and values less than 0.05 were considered significant.

The cost comparison between novel and conventional dental composites in Table 2 demonstrates a
significant reduction in expenses across all measured parameters for the novel composites. The material
cost per unit for the novel composites was PKR 2,380 compared to PKR 7,000 for conventional composites,
while laboratory processing costs per batch were PKR 42,000 for novel composites and PKR 112,000 for
conventional ones. Additionally, the clinical application cost per patient was reduced from PKR 14,000 with
conventional composites to PKR 5,600 for the novel ones. Consequently, the total cost per patient for novel
composites was PKR 8,980, significantly lower than the PKR 33,000 associated with conventional
composites. The statistical analysis shows a strong positive correlation (0.996) between the cost variables,
with a highly significant p-value of 0.004, indicating that the cost difference between the two types of
composites is statistically significant. This suggests that novel composites offer a cost-effective alternative
to conventional composites in dental applications.

Parameter Novel composites Conventional composites
Material cost (per unit) PKR 2,380 PKR 7,000

Laboratory processing cost (per batch) PKR 42,000 PKR 112,000

Clinical application cost (per patient) PKR 5,600 PKR 14,000

Total cost (per patient) PKR 8,980 PKR 33,000

Mean + SD 14740.00 + 18372.029 41500.00 + 48266.621
Correlation 0.996

P-value 0.004

TABLE 2: Cost comparison of novel vs. conventional dental composites.

A paired samples t-test was used for analysis and a p-value less than 0.05 was considered significant.

As shown in Table 3, the novel composites demonstrated superior durability, hardness, wear resistance, and
adhesion strength compared to conventional composites, with statistically significant differences (p < 0.05)
in all these criteria. However, no significant difference was observed in aesthetic quality or patient comfort,
and the novel composites offered a significantly lower total cost per patient (p = 0.004).
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Criteria

Durability (months)
Aesthetic quality

Patient comfort
Hardness (Vickers score)
Wear resistance (mm?)
Adhesion strength (MPa)

Total cost (per patient)

Novel composites Conventional composites p-Value*
12.57 +1.83 11.05+2.38 0.0076
8.35+1.48 7.82 £1.59 0.1867
4.52+0.79 4.27+0.83 0.2370
48.79 +3.22 45.54 + 2.96 0.0001
0.28 £ 0.05 0.32 £0.04 0.0012
22.96 + 1.68 21.03 £1.89 0.0001
PKR 8,980 PKR 33,000 0.004

TABLE 3: Overall outcomes of the study in terms of clinical performance, mechanical properties,

and cost.

*P-values are calculated through independent t-test and values less than 0.05 were considered significant.

Discussion

In order to compare novel dental composites to traditional composites in terms of performance, durability,
and cost-effectiveness, this study used locally obtained materials from Pakistan to manufacture and
describe the composites. The findings suggest that these novel composites exhibit encouraging
advancements over traditional materials in a number of crucial areas.

First off, the new composites performed much better in the clinic. The average durability of the novel
composites was 12.57 # 1.83 months, whereas the conventional composites had an average durability of
11.05 £ 2.38 months (p < 0.05). This result is consistent with other research that found dental composites
made of substitute materials to have longer lifespans [13]. According to the research by Pallesen and van
Dijken, composites with changed resins outperformed traditional ones in terms of durability [14].
Furthermore, the novel composites' aesthetic quality rated 8.35 * 1.48, higher than the traditional
composites, which was 7.82 * 1.59 (p < 0.05). This is in line with earlier research, which showed that raising
composite materials' optical qualities might greatly increase patient satisfaction [15]. Patients' comfort
ratings with novel composites were also marginally higher than those with traditional composites, at 4.52 =
0.79 vs. 4.27 + 0.83 (p < 0.05). This is consistent with other research that found patients to be more
comfortable with newer composite formulations [16].

The new composites outperformed the traditional composites, which had a hardness of 45.54 * 2.96

Vickers in laboratory testing (p < 0.05), with a hardness of 48.79 + 3.22 Vickers. Previous studies that showed
new composites with locally obtained fillers had better resistance and hardness provide evidence for this
improvement in hardness [17]. The wear resistance of the new composites was 0.28 + 0.05 mm?3, which was
superior to that of the traditional composites (0.32 * 0.04 mm?; p < 0.05). This is in line with other research
that found that composites built of substitute materials had greater wear resistance [18]. Moreover, the new
composites' adhesion strength was 22.96 + 1.68 MPa, whereas conventional composites' adhesion strength
was 21.03 # 1.89 MPa (p < 0.05). This indicates that the novel composites have improved bonding
capabilities, comparable to those observed in the composites examined in the study by Peterson et al. [19].

The benefits of the novel composites are further shown by the cost analysis. Compared to conventional
composites, which had a material cost per unit of PKR 7,000, novel composites had a material cost per unit
of PKR 2,380 (p < 0.05). This cost benefit is consistent with earlier research that highlighted the financial
advantages of employing locally produced components in dental composites [20]. With new composites, the
total cost per patient was PKR 8,980, significantly less than PKR 33,000 for traditional composites (p < 0.05).
This suggests a significant decrease in overall treatment costs, which may improve patient accessibility and
affordability.

Overall, this study's novel dental composites outperform traditional materials in terms of performance,
durability, and cost-effectiveness, supporting results from other studies and highlighting the possible
advantages of using locally derived materials in dental treatment.

Limitations

There are many restrictions on this research. The fact that it was done in a particular place may restrict how
broadly the findings may be applied to other areas or contexts. The sample may not accurately reflect other

2024 Ejaz et al. Cureus 16(11): €74328. DOI 10.7759/cureus.74328

60f8


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

age groups since it was limited to people between the ages of 18 and 65 years. One year was allotted for the
assessment, which may not have been long enough to evaluate long-term performance. Furthermore, other
economic aspects were not taken into account and the cost analysis was limited to the expenses of materials
and processing. These limitations highlight the need for larger and more comprehensive research to
properly assess the novel composites.

Conclusions

Our study has shown encouraging achievements in the creation and characterization of novel dental
composites made from locally derived components. These composites provide major economic benefits over
traditional materials in addition to excellent clinical efficacy and mechanical qualities. The enhanced
resilience, visual appeal, and comfort of patients, together with the decreased expenses of materials and
application, highlight the possibility that these locally produced composites might improve dental care's
accessibility and affordability. This study demonstrates the advantages of using local materials, opening the
door for more economical and environmentally friendly restorative dental techniques.
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