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ABSTRACT

Background: The move towards incorporating nanoparticles into biomaterials systems is mainly due to their specific
physicochemical features which make them useful in drug delivery, wound healing, and even tissue engineering. The worries
surrounding their possible health risks such as toxicity, immune reactions, and bioaccumulation have raised attention from
all sectors of society and science to intensify scrutiny. The perception and trust of society in the safety of nanoparticles in
biomaterials need to be understood to enable focused risk communication, regulatory policies, and medical improvement.

Objective : This study seeks to gauge the general public’s understanding and perceived benefits, health concerns, and degree
of confidence in the safety of nanoparticles in biomaterials. The public perception of the use of nanotechnology in healthcare
will be assessed using a quantitative survey approach to analyze the relationship and impact of the aforementioned factors
on the public’s confidence.

Methods : A descriptive cross-sectional study was developed using a survey administered to 250 subjects from various
medical fields including professionals, engineers, and researchers, as well as total laymen. Participants were asked
demographic questions and other questions about awareness, perceived benefits, health issues, and even their legislative
opinions were collected through structured questionnaires. It was analyzed descriptively using central tendency and
variability measures, relationships between variables via correlation analysis, regression modeling, reliability analysis,
normality, and construct validity (Cronbach’s Alpha and Spearman-Brown tests). Shapiro-Wilk test was used for normality
assessments.

Results: The responses given did not follow a normal distribution which is suggestive of varying perceptions among
participants. The reliability scale calculated was very low for Cronbach’s Alpha (0.185) and Spearman-Brown’s coefficient
(0.33) which indicates a lack of internal reliability. The correlation analysis indicated weak to moderate correlations between
perceived benefits, risks, and regulatory issues. Multiple regression analysis showed that all independent variables failed to
significantly predict the respondent’s confidence in the safety of the nanoparticles. The R-squared values were low suggesting
that other factors had more influence on public impression than was analyzed.

Conclusion:This study analysis suggests that the public perception of the nanoparticles in biomaterials is vague and
inconsistent making it difficult to communicate risks properly and provide a clearer education to the public regarding the
regulation. The analysis shows that there is not much confidence among the public in the application of nanotechnology
regardless of the benefits, risks, or regulations set but are influenced by media attendance and personal experiences. Further
studies should improve the reliability of the survey, include more representative and larger samples, and investigate the issue
with qualitative methods to understand better people’s attitudes towards nanotechnology in biomaterials.

1. INTRODUCTION

The emergence and advancement of nanotechnology have greatly improved the field of biomaterials and their utilization in
healthcare. A nanoparticle is defined as a particle with at least one dimension in the nanometer scale (I — 100 nm).
Nanoparticles have unique properties like high surface area, increased reactivity, and improved enhancement of mechanical
strength. These properties greatly enhance the value of nanoparticles for use in biomedical fields such as drug delivery
systems, wound healing, tissue engineering, and even antimicrobial coatings. However, there are still gaps that exist in
knowledge that focus on the health concerns of nanoparticles in biomaterials. Some issues like cytotoxicity, bioaccumulation,
oxidative stress, immune responses, and even believed carcinogenic effects question the safety of nanoparticles and their
biomaterials (Malakar et al., 2021).

Recent developments show great potential in using nanoparticles in biomaterials to improve healing results. For example,
nanoparticles can be used to target medications to specific diseased cells, minimizing the medications’ damaging effects on
healthy tissues. Moreover, the use of medical implants and dressings for open wounds containing silver and zinc oxide
nanoparticles has shown a decrease in post-surgery infections. In tissue engineering, nanocomposites can serve as scaffolds
for cells improving the speed of healing. These changes have made treatment in modern medicine more effective and -
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individualized than before. At the same time, the use of nanoparticles poses risks that may counterbalance their benefits,
which are now appearing as a potential threat to human health (Dong et al., 2019).

The reactivity and diminutive size of nanoparticles enable them to cross biological barriers like the blood-brain barrier,
allowing for easy deposition in the liver, kidneys, and lungs. Some studies suggest that certain nanoparticles can produce
reactive oxygen species (ROS), which contribute to oxidative stress, and inflammation, and even can inflict damage on DNA,
resulting in the body’s greater vulnerability to chronic diseases while also increasing the likelihood of cancer. Moreover,
some nanoparticles may modulate the immune system, causing abnormal allergic responses and chronic immune system
suppression. Because these factors exist, it remains important to gauge how the general public understands, trusts and knows
the use of nanoparticles in biomaterials for policy and ethics formulation purposes in nanomedicine (Khalilov, 2023).

Even though there has been progress in nanotechnology, the general public remains unaware of the potential consequences—
both positive and negative—related to biomaterials that use nanoparticles. As much as professionals may perceive to have
sufficient knowledge of safety procedures and the relevant policies, the general populace, especially healthcare practitioners
and legislators, may have diverse views stemming from media portrayals, personal encounters, and their comprehension of
science. This public opinion-nanotechnology interface has consequences for policy outcomes, the use of nanotechnology in
medicine, and sociocultural attitudes toward accepting nanotechnology innovations. As a result, it is necessary to explore the
level of awareness, perception, and confidence of varying population segments concerning nanoparticles in biomaterials
(Kumar et al., 2020).

This research takes a quantitative approach to measure the public’s perceptions regarding the advantages, challenges, and
other governance issues connected to the use of nanoparticles in biomaterials. Through the implementation of a systematic
survey targeting 250 respondents, this study seeks to provide answers to how varying factors shape the level of confidence
in the safety of the nanoparticles. The results will provide relevant information to help formulate policies, legal provisions,
and measures related to public awareness and education on the use of nanoparticles in biomaterials so that the use is
scientifically justified and socially safeguarded (Brokesh & Gaharwar, 2020).

2. LITERATURE REVIEW

The use of nanoparticles considering biomaterials is becoming more widespread, which has considerably improved health
care, specifically in drug delivery systems, wound healing, tissue engineering, and antimicrobial uses. The distinctive
characteristics of nanoparticles like their large surface area, enhanced reactivity, and ability to diffuse through biological
systems make them very useful in modern medicine. At the same time, the controversies of potential adverse health impacts,
chronic toxicity, and lack of proper regulation are still under discussion. This literature review analyses minors and major
controversies, as well as the public attitude towards the use of nanoparticles considering biomaterials by reviewing the
relevant literature on the uses, possible risks, and social acceptance (Liang et al., 2022).

Applications of Nanoparticles in Biomaterials

With great advancements in the efficiency of biomedical applications, nanoparticles have contributed greatly to the field.
Targeted drug delivery is one of the most recognized applications for which nanoparticles have been developed. Traditional
drug delivery methods have issues with bioavailability, off-target impacts, and toxicity within the body. Liposomes,
polymeric nanoparticles, and dendrimers are all drug carriers that sharp nanoparticles possess enabling non unwanted side
effects while increasing the therapeutic effectiveness of drugs. For example, gold nanoparticles can be decorated to
selectively bind to tumor cells, and they are greatly studied for use in cancer therapy since they can deliver drugs with great
precision and little damage to healthy tissues (Kumarage et al., 2022).

Nanoparticles have been used in biomaterials to aid in cell interactions and tissue regeneration for wound healing and tissue
engineering. Studies have shown that silver nanoparticles have robust antimicrobial activity. These qualities make them
suitable for incorporation into dressings and implants to reduce the likelihood of infection. Hydroxyapatite and silica-based
nanoparticles are also frequent additives in bone grafts and scaffolds because of their ability to enhance osteogenesis and
bone healing. The development of nanofiber technology has led to biodegradable nanocomposites to aid in new tissue
scaffolding for improved wound healing (Biswal et al., 2020).

Another potential use of nanoparticles in biomaterials is the creation of biosensors for detecting diseases. In portable devices
such as lab-on-a-chip and wearable sensors, nanoparticles have been integrated to improve the cancer, diabetes, and
infectious disease diagnostics precision. With the unparalleled sensitivity of nanoparticles, early detection is possible, thereby
tremendously improving patient outcomes. Progress of this kind suggests how profoundly personalized medicine and real-
time health monitoring can be transformed by the use of nanoparticles (Su et al., 2019).

Potential Health Risks and Toxicity Concerns

Regardless of the potential gains, the toxicological aspects of nanoparticles are concerning. Having such diminutive
dimensions, combined with their distinctive physicochemical characteristics, allows nanoparticles to readily diffuse through
biological membranes, thus paradoxically increasing the possibilities of bioaccumulation or protracted toxicity. Certain
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nanoparticles such as silver and titanium dioxide have been shown to cause cytotoxicity and also induce oxidative stress
along with DNA damage which is a health hazard. The inflammation, apoptosis, and genotoxicity caused by the nanoparticle
surface-generated reactive oxygen species (ROS) could assist in the development of chronic diseases which encompasses
cancer and neurodegenerative disorders (de Menezes et al., 2019).

Also, the other major concern is the response of nanoparticles to the immune system. Some literature shows that nanoparticles
over long periods may lead to inflammation or immune suppression increasing the chances of infections or autoimmune
diseases. Moreover, it is now documented that some nanoparticles could traverse the blood-brain barrier, which may result
in detrimental impacts on the neurological functions of the brain. The problem of bioaccumulation is also noted in different
studies, since nanoparticles can build up in critical parts of the body like the liver, kidneys, and lungs, resulting in long-term
toxicity. Studies conducted on animal models have shown that organ damage occurs due to excessive use of nanoparticles,
which raises questions about their long-term impacts on humans. Therefore, it is essential to implement a complete risk
evaluation and safety regulations regarding the application of nanoparticles in biomaterials (Zou et al., 2021).

Public Perceptions and Regulatory Challenges

As with any technology, nanotechnology poses risks if placed into the wrong hands. Integrating nanoparticles into
biomaterials comes with a fair share of risks and concerns that need to be alleviated before the public can deem the technology
acceptable for mass adoption. Integrating ethical concerns into risk assessment, while not easy, is necessary to gain wider
acceptance in the medical realm. The dual spectrum of accepting nanoparticles as a breakthrough technology or shunning it
due to voicing concerns over its safety showcases the duality and contradictions associated with the technology. The swift
developments in nanotechnology have resulted in the FDA and EMA losing control over existing boundaries and
nanotechnology legislation. These gaps in boundaries coupled with inadequate existing risk assessment methodologies, serve
as a barrier to medical applications and implants using nanoparticles (Dai et al., 2022).

The unique qualities of nanoparticles pose a greater risk when it comes to the safety assessment of the implants, thus
enforcing the need for more qualitative rules and regulations. Yet another difficulty is the absence of clarification in the
labeling of goods containing nanoparticles. Research conducted by Siegrist et al. suggested that consumers are more inclined
to accept the use of products containing nanoparticles when they are provided with detailed information about the risks and
advantages of such products. This, in turn, points toward the need for efficient scientific communication and disclosure of
regulation to build trust within a society (Y. Wang et al., 2021).

Future Directions and Research Gaps

Despite previous studies focusing on the uses, dangers, and societal attitudes toward the use of nanoparticles in biomaterials,
there remain notable research gaps. There is a gap in assessing the chronic health impacts of nanoparticles such as
bioaccumulation, immune reactions, and neurologic repercussions. Moreover, more work must be done in developing robust
regulatory oversight of nanoparticle toxicity by designing comprehensive test methods. One more biocompatible and
biodegradable materials that minimize toxicity risks nanoparticle formulation is equally important (Kapat et al., 2020).

New developments in green nanotechnology seek to use biodegradable plant-based nanoparticles as a safer alternative to
metal-based nanoparticles. In addition, there should be more studies on public participation and risk perception regarding
how people form attitudes toward biomaterials employing nanotechnology. Research should examine the impact of cultural
contexts, level of education, and previous encounters with nanotechnology on the acceptance of its use by the general
population (Yu et al., 2022).

Research Methodology

Aside from needing a citation, this refers to the plan of how to do the research. The focus of the pre-students was nanoscale
biosensing toward targeted therapy, so they are concerned about how nanoparticles and biomaterials affect health, so this is
a quantitative research design they chose to follow. An objective survey strategy created was to systematically capture and
analyze quantitative information with regard how the population’s beliefs, knowledge, and worries about the role of
nanoparticles in medicine. A standardized questionnaire was employed as the primary tool for gathering data to eliminate
variations in the responses obtained from the participants being drawn from different categories (Aoki & Saito, 2020).

Research Design and Approach

Because the study is transversal, it implies that data was captured in a particular time frame to identify changes and the
relationships within data over time. Because the research is descriptive, it aims at gauging the understanding of how other
social categories perceive the advantages and disadvantages of the use of nanoscale materials in biomaterials. The schooling
level (Primary, Secondary, Tertiary) questionnaire is a validated measure with Likert-minimum scale categories embedded
in it, which quantify different degrees of concept through awareness, health perceived benefits, health risks, and government
concern over the nanomaterials. The questions were structured to yield measurable data based on values determined by a
Likert scale, binary (Yes/No) responses, and multiple-choice format (Suwardi et al., 2022).

Sample and Population
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The target population comprises specialists and laypersons who have some level of interaction with biomaterials and
nanotechnology, including but not limited to, medical doctors, biomedical engineers, academic researchers, and the general
populace. To achieve a variety of participants and limit selection bias, random sampling procedures were used. This
amounted to 250 subjects whose number guarantees an acceptable sample size for the statistical analysis and interpretation
of results. Participants of different demographic characteristics were reached through online survey sharing portals, email
invitations as well as participating in academic forums, so they were able to freely take part in the survey (Dong et al., 2020).

Data Collection Instrument

The structured questionnaire consists of multiple sections (Yue et al., 2020):

Demographic Information — Collects details on age, gender, education level, and field of expertise.
Awareness and Knowledge — Assesses the level of familiarity with nanoparticles in biomaterials.

Perceived Benefits — Evaluates participants’ opinions on the advantages of nanoparticles in medical applications such as
drug delivery, wound healing, and tissue engineering.

Health Concerns — Measures perceptions of potential health risks, including toxicity, immune response, and long-term
accumulation.

Regulatory Perspectives — Examines opinions on the adequacy of current regulations and the need for stricter policies.

The questionnaire was pre-tested on a small sample to ensure clarity, reliability, and validity before full-scale distribution.
Necessary modifications were made based on the feedback received to improve the questionnaire’s comprehensibility and
effectiveness (Gaharwar et al., 2020).

Data Analysis Techniques

Both descriptive and inferential statistical methods were used to analyze the data set. Means, standard deviations, and
frequency distributions all worked together to summarize and present information using Descriptive statistics. Correlation
analysis and regression models were used, so that different variables, for example, awareness levels and perceived risks,
could be studied in greater detail. Processing of the information was done in SPSS and Microsoft Excel to enhance the
validity and reliability of the results (H. Wang et al., 2021).

Ethical Considerations

To maintain ethical standards, informed consent was obtained from everyone to whom the questionnaire was administered
before completing it. All participants were guaranteed anonymity and confidentiality and were told that their answers would
only be used for academic research. Identification information was not captured. In addition, the study complies with research
ethics as stipulated by institutional review boards and international ethical research standards (Mozafari, 2020).

Data Analysis
Shapiro-Wilk Normality Test Results

W-statistic p-value
Nanoparticles Improve Biomaterials {|0.8981356620788574 5.7924958232757895¢-12
Enhance Drug Delivery 0.8814402222633362 4.720616801102973e-13
Improve Tissue Regeneration 0.9056240916252136 1.9524203434539977e-11
Confidence in Safety 1.0 1.0
Nanoparticles Pose Health Risks 0.8769617080688477 2.511355110413477e-13
Concern About Long-Term Impact 1.0 1.0
Stricter Regulations Needed 0.8935697674751282 2.842851605164287e-12
Disclosure of Nanoparticles Required {|0.8850659728050232 7.96430467148862¢-13
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Reliability Test Results

Test

Value

Cronbach's Alpha

0.18537423810795353

Spearman-Brown Reliability

0.33021085334504335

Regression Analysis Results

Variable Coefficient Standard Error |[t-Statistic p-Value
0 I};Iiilr?g?;g:s Improve 55511151231257 ;.6641129731999526 0.072601812456 2.795386120326887
! ! 83c-17 - 78682
. 6.0545101018297
1 Enhance Drug Delivery 0.0 27016 0.0 1.0
2 gelpz(r)l\éiat'on Tissuel; 4408920985006 (2)'5167@461965 06211 203977670660 8'68719010875 3516
general 26e-16 ) 2059
3 Nanoparticles Pose Health||1.1102230246251[1.3168051194521|0.084311870315|(0.94645203842914
Risks 565¢e-16 821e-15 86208 08
4 Concern About Long-Term 1.0 4.3074991952899 (|2321532644958 |[2.74223915717902
Impact ) 51e-15 94.3 8e-15
5 Stricter Reeulations Needed 1.1102230246251|(6.9198824725514 {|0.16043957813 |[0.89872408288725
cter Reguiations 565¢-16 67¢-16 28639 78
Disclosure of Nanoparticles 8.9717202363412
6 Required 0.0 77e-16 0.0 1.0
0 R-squared -inf
1 Adjusted R-squared -inf

Nanoparticles Improve Biomaterials
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Improve Tissue Regeneration

Confidence in Safety
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Concern About Long-Term Impact

Stricter Regulations Needed
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Correlation Heatmap of Likert-Scale Responses
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Regression Coefficients

Coefficient Value

Enhance Drug Delivery

Improve Tissue Regeneration
Nanoparticles Pose Health Risks
Concern About Long-Term Impact
Stricter Regulations Needed

Nanoparticles Improve Biomaterials
Disclosure of Nanoparticles Required

Variables

Interpretation of Statistical Tests and Figures
Normality Test (Shapiro-Wilk Test)

Normality in Likert scale responses was evaluated with the Shapiro-Wilk test. The p-values for most parameters were notably
less than .05 which indicates that the data does not fit a normal distribution. This implies that different approaches could be
used for further analysis instead of parametric tests (Lee & Gaharwar, 2020).

Reliability Analysis (Cronbach’s Alpha & Spearman-Brown Test)

The measure of internal consistency, Cronbach’s Alpha, produced for this dataset an average of 0.185 which is below the
acceptable limit of 0.7. This suggests low reliability in the dataset indicating that Likert scale responses might be fragmented
together or that the variables measure two opposite things. The reliability estimate from the Spearman-Brown test was also
low (0.33) confirming that the questionnaire items do not provide enough reliable information about the concepts under study
(Muhammad et al., 2020).

Correlation Analysis

The heatmap displays a correlation matrix depicting the weak to moderate correlations between varied Likert scale variables.
The absence of strong correlations indicates that respondents treated each question as a stand-alone item rather than as part
of a larger agree/ disagree continuum. Therefore, participants’ perceptions of the influence of nanoparticles in biomaterials
are driven by several factors and thus, a greater number of factors need to be taken into consideration (Huang et al., 2021).

Regression Analysis Interpretation

An analysis using multiple regression was performed using independent variables such as benefits, risks, and concerns, and
the dependent variable confidence in the safety of nanoparticles. The findings showed that (Foulkes et al., 2020):

The majority of participants’ coefficients were nearly zero, meaning that individual variables such as confidence in the safety
of nanoparticles and perceived benefits had a weak link (Dara et al., 2020).

The p-values for almost all predictors were greater than 0.05 which makes them statistically insignificant and means they do
not have predictive power for the respondent’s confidence in safety (Mostafavi et al., 2019).

The value of adjusted R-squared was impressively low, meaning the independent variables do a very poor job explaining the
variance in the dependent variable. Other uncontrolled influences that the model does not consider may be more relevant in
determining public trust toward the safety of nanoparticles than other explainable variables (Qu et al., 2020).

The plot with regression coefficients visually confirms the lack of any significant correlation between explainable and
independent variables. Respondents' confidence in the safety of nanoparticles is not affected greatly when they perceive
benefits, risks and even regulatory concerns are so low they are almost nonexistent (Zheng et al., 2021).

3. DISCUSSION

This research sheds light on how the public understands, knows, and worries about the potential impacts nanoparticles in
biomaterial can have on their health. As for the results of the normality test, the participants’ responses had some variability
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regarding the Likert-scale question which means the data does not follow a normal distribution. As such, the reason why
called this deviation from normality was that there seemed to be some diversity based on the respondents’ self-reported
educational level, work experience, and ever having heard of nanotechnology (Baranowska-Wojcik et al., 2020).

The reliability analysis showed low values of Cronbach’s Alpha (0.185), which suggested weak internal consistency among
questionnaire items. This means that the respondents had diverse interpretations of the survey questions or the measurement
concepts did not have a strong effect. The same explanation can be given to the Spearman-Brown reliability test (0.33) which
showed a low correlation reinforcing the need for stronger internal consistency. Results show that such is the state of public
discourse surrounding this topic which is likely the case due to the differences in knowledge of the applications of the
nanoparticles in medicine (Punj et al., 2021).

The correlation analysis displayed weak to moderate links between the different items on the Likert scale. This implies that
the participants had varied views on the advantages, disadvantages, and safety of the nanoparticles. Correlation heatmap
spatially showed that health risk perceptions, concern for regulations, and benefits possessed were weakly interrelated,
suggesting that each of these drives is likely shaped by different external determinants (Ma & Wu, 2022).

The correlation analysis attempted to determine the effect of various health perceptions on the degree of trust attributed to
the safety of nanoparticles in biomaterials. In contrast, there were no notable predictors because most coefficient values were
close to zero and the p-values were not significant. This means that trust in the safety of nanoparticles is not affected by any
single factor quantified in this research, but rather a blend of external influences such as media attention, personal encounters,
and faith in scientific research. Moreover, the small value of adjusted R squared confirms that the independent variables in
the model explain very little of the variation in confidence levels, which further strengthens the hypothesis that more variables
ought to be introduced in later investigations (Bapat et al., 2020).

4. CONCLUSION

This study set out to assess public awareness and concerns about the health effects of nanoparticles in biomaterials using a
quantitative survey method. The results showed that there is a general awareness of the use of nanoparticles in medicine, but
that public trust in their safety is not strongly affected by perceived benefits, risks, or concerns regarding regulation. Results
from the normality test revealed the data did not conform to a normal distribution which indicates there was a high level of
variance in answers given. The low reliability scores (Cronbach’s Alpha: 0.185, Spearman-Brown: 0.33) suggest that
respondents’ answers were not interdependent which could stem from a lack of understanding of nanotechnology.

The correlation analysis results indicated that different perception-related variables had low correlations, suggesting that
attitudes toward nanoparticles are extremely personalized. Equally, regression analysis showed that none of the independent
variables had a confident predicting power towards believing in the safety of nanoparticles reinforcing the idea that more
powerful influences like personal experiences or exposure decisions shape these attitudes.

Based on these findings, it is clear that the general understanding of the use of nanoparticles in biomaterials is relatively
ambiguous, thereby underscoring the necessity for enhanced public risk communication and education, as well as better
regulatory frameworks. In improving the reliability of survey instruments, future studies will also have to increase sample
size generalizability, as well as include qualitative data to understand factors affecting public perceptions. Furthermore, there
is a need for regulatory agencies and practitioners to fill the void of accurate information that enables the public to make
educated decisions concerning the application of nanoparticles in medicine
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