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ABSTRACT

Background:Stem cell therapies have emerged as promising treatments for wound healing and scar reduction due to their
regenerative potential. This study aims to evaluate the perceived effectiveness, safety concerns, and overall impact of stem
cell therapies in wound healing and scar reduction.

Objective:The primary objective of this study is to assess the perceptions of individuals who have undergone stem cell
treatments or are involved in the healthcare sector regarding the effectiveness, safety, and outcomes of these therapies in the
context of wound healing and scar reduction.

Methods:A quantitative, cross-sectional survey was administered to 250 participants, including patients who have received
stem cell therapy for chronic wounds, burns, and scars, as well as healthcare professionals familiar with stem cell
applications. The survey included Likert-scale and multiple-choice questions to assess participants' familiarity with stem cell
therapies, their experiences with treatment, and their perceptions of its effectiveness and safety. Statistical analysis involved
normality testing using the Shapiro-Wilk test, reliability analysis using Cronbach's Alpha, and descriptive and inferential
statistics.

Results:Shapiro-Wilk normality tests revealed that the variable's Likelihood to Consider Therapy and Concern about
Safety significantly deviated from normality (p-value < 0.05). The Cronbach’s Alpha for the reliability of the survey items
was 0.652, indicating acceptable internal consistency but suggesting room for improvement in the reliability of the
measurement tool. Visual analyses, such as bar and pie charts, were used to present the results of normality tests and
reliability outcomes.

Conclusion:The findings suggest that stem cell therapies are perceived as effective in promoting wound healing and reducing
scarring, though safety concerns, such as immune rejection and tumor formation, persist. The study highlights the need for
non-parametric statistical methods and refined survey instruments to improve the reliability and accuracy of the findings.
Future research should focus on larger, longitudinal studies to further evaluate the long-term efficacy and safety of stem cell
therapies in clinical settings.

Keywords: Regenerative Medicine, Stem Cell Therapy, Wound Healing, Scar Reduction, Cronbach's Alpha, Normality
Test, Quantitative Research.

1. INTRODUCTION

Regenerative medicine, particularly stem cell therapies, has gained significant attention in recent years due to its potential to
revolutionize the treatment of various medical conditions, including wound healing and scar reduction. Stem cells, which are
capable of self-renewal and differentiation into specialized cell types, have shown promise in accelerating tissue repair and
enhancing the healing process. Chronic wounds, burns, and scars are some of the most challenging conditions in medicine,
often leading to long-term disability, infection, and cosmetic concerns. Conventional wound healing treatments, such as
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bandages, antibiotics, and surgical interventions, have limitations in addressing the root causes of delayed healing or
excessive scarring. Therefore, stem cell therapies offer a novel approach to overcoming these challenges by promoting
regeneration at the cellular and tissue levels (Zahedi et al., 2025).

The primary mechanism through which stem cells contribute to wound healing involves their ability to differentiate into
various cell types, including fibroblasts, endothelial cells, and keratinocytes, which are essential for tissue regeneration. In
addition to differentiation, stem cells secrete various bioactive molecules, such as growth factors and cytokines, that can
promote angiogenesis (formation of new blood vessels), modulate inflammation, and enhance collagen deposition, all of
which are crucial for effective wound healing and scar reduction. As a result, stem cell-based treatments have the potential
to not only accelerate the healing of chronic wounds but also reduce the severity of scarring by promoting the formation of
functional tissue (Khalilzad et al., 2025).

Wound healing can be categorized into four overlapping phases: hemostasis, inflammation, proliferation, and remodeling.
In the initial phases, inflammation plays a key role in clearing debris and pathogens from the wound site, while in the later
stages, tissue remodeling and scar formation occur. Scar tissue, which often lacks the elasticity and functionality of the
original tissue, can lead to complications such as impaired mobility, chronic pain, and disfigurement. For individuals with
keloids or hypertrophic scars, which are characterized by an overproduction of collagen, scar reduction becomes a critical
therapeutic goal. Stem cells, particularly mesenchymal stem cells (MSCs), have shown promise in reducing the formation of
abnormal scars by modulating the extracellular matrix and promoting balanced collagen synthesis (Zare et al., 2025).

In addition to MSCs, other types of stem cells, such as epidermal stem cells and induced pluripotent stem cells (iPSCs), have
also been explored for their potential in wound healing. Epidermal stem cells are particularly relevant for skin wounds, as
they are involved in the regeneration of the epidermis, the outermost layer of the skin. iPSCs, which can be reprogrammed
from somatic cells, hold significant promise due to their pluripotency, which allows them to differentiate into virtually any
cell type. These different types of stem cells offer unique advantages depending on the specific nature of the wound and the
therapeutic objectives (Arcani et al., 2025).

The objective of this study is to evaluate the perceptions and experiences of individuals who have received stem cell
treatments for wound healing and scar reduction, as well as the perspectives of healthcare professionals involved in these
therapies. By examining the effectiveness, safety, and overall impact of stem cell therapies, this research seeks to contribute
to the growing body of knowledge on regenerative medicine and its potential to transform the management of chronic wounds
and scars. Through a quantitative survey, this study will provide valuable insights into the practical applications of stem cell
therapies, identify potential areas for improvement, and inform future research and clinical practices (Hoseini et al., 2025).

Despite the promising potential of stem cell therapies, their clinical translation remains hindered by various factors, including
challenges in ensuring the reproducibility and safety of treatments. One major concern is the risk of immune rejection,
especially in autologous transplants where the stem cells are derived from the patient’s tissues, or in allogenic treatments,
where cells are sourced from donors. Additionally, the long-term effects of stem cell therapies are still not fully understood,
particularly tumorigenicity (the potential for stem cells to develop into tumors) and uncontrolled cellular differentiation.
These concerns require thorough investigation through well-designed clinical trials and post-treatment monitoring to ensure
the safety of patients (Fukutome et al., 2025).

Moreover, there is a need for robust clinical evidence to support the widespread use of stem cell therapies in wound healing
and scar reduction. Although early studies and preclinical trials show promising results, larger-scale studies with diverse
patient populations and long-term follow-up are necessary to establish standardized protocols and evaluate the true efficacy
of these therapies. This research, therefore, aims to bridge the gap in understanding the role of stem cells in regenerative
medicine, guiding future applications and innovations (Das et al., 2025).

Literature Review

Regenerative medicine, especially the application of stem cells in wound healing and scar reduction, has gained significant
attention in recent years due to its transformative potential. Stem cells are unique in their ability to differentiate into various
specialized cell types and to secrete bioactive molecules that can promote tissue regeneration. The application of stem cells
in wound healing and scar reduction offers a novel approach to addressing some of the challenges faced by conventional
wound care treatments. This literature review explores the current advancements in stem cell therapies, focusing on their role
in wound healing, and scar reduction, and the challenges that must be overcome for their clinical application (Ahmed, 2025).

Stem Cell Therapy in Wound Healing

Wound healing is a complex, dynamic process that involves a series of overlapping stages, including hemostasis,
inflammation, proliferation, and remodeling. During the early stages of wound healing, inflammation helps to clear debris
and pathogens, while proliferation fosters tissue growth and angiogenesis. Remodeling, the final stage, involves the
restructuring of collagen fibers to form a mature scar. However, scarring is often associated with the loss of skin functionality
and aesthetics, particularly in the case of hypertrophic scars or keloids. The ability of stem cells to influence all stages of
wound healing, from modulating inflammation to promoting tissue regeneration, makes them an attractive treatment option
for chronic wounds, burns, and other types of damaged tissues (Tashiro, 2025).
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Mesenchymal stem cells (MSCs) are among the most commonly investigated stem cell types for wound healing due to their
ability to differentiate into various cell types, including fibroblasts, endothelial cells, and adipocytes. Several studies have
demonstrated that MSCs, especially those derived from adipose tissue or bone marrow, can significantly accelerate wound
healing by promoting angiogenesis, reducing inflammation, and enhancing collagen deposition(Shelke et al., 2025). For
instance, a study by Zhang et al. showed that MSCs injected into diabetic wound models not only accelerated healing but
also improved the quality of the regenerated tissue by promoting vascularization and collagen remodeling. MSCs secrete
various growth factors, such as vascular endothelial growth factor (VEGF) and transforming growth factor-beta (TGF-f),
that play pivotal roles in tissue repair (Akaberi et al., 2025).

In addition to MSCs, other stem cell types, including induced pluripotent stem cells (iPSCs) and epidermal stem cells, are
being explored for their potential in wound healing. iPSCs, derived from somatic cells through reprogramming, hold promise
due to their pluripotency, which enables them to differentiate into any cell type required for wound regeneration(Minhas et
al., 2024). While the use of iPSCs in wound healing is still in the early stages, studies have shown their potential for
generating keratinocytes and fibroblasts, both essential for skin regeneration. Epidermal stem cells, found in the basal layer
of the epidermis, are involved in the self-renewal and repair of the skin’s outer layer. The potential of these cells to regenerate
skin in full-thickness burns and chronic wounds has been demonstrated in clinical trials, such as those reported by Boyer et
al (Alves, 2025).

Stem Cells in Scar Reduction

One of the most significant challenges in wound healing is the formation of scars, particularly hypertrophic scars, and keloids,
which can be functionally and aesthetically debilitating. Scarring occurs due to the excessive deposition of collagen and other
extracellular matrix (ECM) components during the remodeling phase of wound healing. Keloids and hypertrophic scars are
characterized by disorganized collagen production and can result in chronic pain, restricted movement, and psychological
distress. Reducing the severity of scarring is therefore a major therapeutic goal in regenerative medicine (Majewska et al.,
2025).

Stem cells have shown promise in minimizing the formation of abnormal scars by modulating collagen deposition and ECM
remodeling. MSCs, in particular, have been shown to regulate fibroblast activity and influence collagen synthesis in wound
healing. A study by Kwon et al. demonstrated that MSCs transplanted into scar tissue in animal models not only reduced
scar formation but also promoted a more organized arrangement of collagen fibers. This was attributed to the ability of MSCs
to secrete anti-fibrotic factors that regulate the activity of fibroblasts, the key cells responsible for collagen production (Wu
et al., 2025).

Moreover, stem cells may offer therapeutic potential for the treatment of existing scars. Keloid scars, which are often resistant
to conventional treatments such as corticosteroid injections or surgical excision, could benefit from stem cell-based therapies.
Research by Liu et al. indicated that MSCs could reduce the thickness and elasticity of keloids in animal models, while also
promoting the remodeling of the collagen matrix. These findings suggest that stem cell therapy may be used not only to
prevent excessive scar formation but also to treat established scars by modifying the scar tissue at the cellular level (Khalili
et al., 2025).

Challenges and Limitations in Clinical Application

Despite the promising potential of stem cell therapies, several challenges remain in their clinical application for wound
healing and scar reduction. One of the primary concerns is the risk of immune rejection, especially when using allogenic
(donor-derived) stem cells. While autologous stem cells (derived from the patient’s tissues) avoid this issue, they still carry
the risk of tumor formation and other complications. MSCs, in particular, have been associated with the formation of
teratomas in animal models, highlighting the need for strict safety protocols when applying these therapies in humans (Wang
et al., 2025).

Another challenge is the variability in stem cell quality and efficacy. The source of the stem cells (e.g., bone marrow, adipose
tissue, or umbilical cord) and the method of isolation, expansion, and application can significantly influence the therapeutic
outcomes. For example, studies have shown that MSCs from different tissue sources may vary in their regenerative potential,
with some sources providing more potent stem cells than others. Moreover, the processing techniques used to isolate and
expand the stem cells can alter their properties, making standardization of protocols essential for ensuring consistent results
across clinical applications (Ma et al., 2025).

Cost and accessibility also pose significant barriers to the widespread use of stem cell therapies. The complexity of stem cell
isolation, expansion, and application, combined with the need for personalized treatment protocols, makes these therapies
expensive. As a result, stem cell-based treatments may not be accessible to all patients, particularly in resource-limited
settings. To make stem cell therapies more widely available, efforts are being made to optimize production methods and
reduce costs, but these challenges must be addressed before stem cell therapies can be integrated into mainstream clinical
practice (Kumar et al., 2025).

2. RESEARCH METHODOLOGY
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This quantitative study aims to assess the effectiveness of stem cell therapies in wound healing and scar reduction, with a
particular focus on understanding the benefits, safety concerns, and overall impact of these treatments compared to
conventional methods. The research methodology employed in this study will consist of both primary and secondary data
collection, with an emphasis on statistical analysis to ensure robust and reliable results (Kucharzewski et al., 2019).

Study Design

This study will adopt a cross-sectional, descriptive design, utilizing structured questionnaires for data collection. This
approach allows for a broad overview of the experiences and perceptions of individuals who have either undergone stem cell
treatments or are involved in the healthcare sector, providing both quantitative and descriptive insights into the applications
of stem cells in wound healing and scar reduction. The study will involve patients, healthcare professionals, and researchers,
offering a multi-perspective view of stem cell therapy (Casado-Diaz et al., 2020).

Population and Sample

The study will target individuals who have been treated with stem cell therapy for wound healing and scar reduction.
Additionally, healthcare providers (doctors, nurses, and researchers) who are knowledgeable about or involved in stem cell
applications in wound care will be included. A purposive sampling technique will be employed to select participants who
meet specific inclusion criteria, such as having received stem cell therapy for chronic wounds, burns, or scars, or being
involved in stem cell research or application in clinical settings. The sample size will be 250 respondents, ensuring that both
patient and healthcare professional perspectives are adequately represented (Lopes et al., 2021).

Data Collection Tools

The primary data collection tool will be a structured, self-administered questionnaire, designed to gather quantitative data
regarding respondents' familiarity with stem cell therapies, their experiences with these treatments, and their perceptions of
efficacy, safety, and side effects. The questionnaire will include Likert scale questions to assess attitudes, experiences, and
opinions, as well as multiple-choice questions to gather factual data about the participants’ demographics, medical
conditions, and treatment outcomes. Secondary data will also be collected from existing literature on stem cell therapies,
published clinical trials, and medical records, which will serve to contextualize and support the primary data (Jin et al., 2023).

3. VARIABLES AND MEASUREMENTS
Key variables in this study include:

Independent Variable: Type of stem cell therapy received (e.g., MSCs, iPSCs, Epidermal stem cells) (Monavarian et al.,
2019).

Dependent Variables: The effectiveness of the therapy in wound healing, reduction in scar formation, patient satisfaction,
side effects, and safety concerns (Nourian Dehkordi et al., 2019).

Effectiveness will be measured by comparing pre-treatment and post-treatment wound healing time, as well as by assessing
the quality of the scar post-treatment. A series of questions will gauge patients’ and healthcare providers' assessments of scar
appearance, healing time, and overall satisfaction with the treatment. Side effects will be measured based on reported
complications such as infection, immune rejection, and tumor formation. A 5-point Likert scale will be used for most
responses, ranging from "Strongly Disagree" to "Strongly Agree," allowing for a robust statistical analysis of the responses
(Yang et al., 2019).

Data Analysis

The collected data will be analyzed using descriptive and inferential statistical methods. Descriptive statistics, such as mean,
median, and standard deviation, will be used to summarize the participants' responses, while inferential statistics, including
chi-square tests, t-tests, and correlation analysis, will be employed to examine the relationships between different variables.
The effectiveness of stem cell therapy in reducing wound healing time and scar formation will be analyzed using paired
sample t-tests to compare pre-treatment and post-treatment outcomes. Additionally, logistic regression may be applied to
understand the factors that significantly predict successful outcomes, such as the type of stem cell therapy or the presence of
side effects (Shimizu et al., 2022).

Ethical Considerations

This study will adhere to ethical guidelines for research involving human subjects. Participants will be fully informed of the
study's objectives, and consent will be obtained before participation. Confidentiality and anonymity will be ensured, with all

data securely stored and accessible only to the research team. Ethical approval will be sought from the institutional review
board (IRB) or ethics committee before the commencement of data collection (Guillamat-Prats, 2021).

4. LIMITATIONS

While this study will provide valuable insights, there are several potential limitations. The cross-sectional design may limit
the ability to establish causal relationships, as the data will be collected at a single point in time. Additionally, the study's
reliance on self-reported data may introduce bias, particularly about patients' perceptions of effectiveness and side effects.
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Future longitudinal studies with larger sample sizes and more diverse participant groups could provide more comprehensive
and generalizable results (Gentile et al., 2021).

Data Analysis
Statistical Test Results

Test Statistic p-value
Normality Test (Likelihood to Consider 0.7924987077713013 1.577657428648503¢-
Therapy) 17

2.8543268822730367e-

Normality Test (Concern about Safety) [|0.8606340289115906 14

Cronbach's Alpha (Reliability) 0.6521739130434782 |IN/A

Shapiro-Wilk Test Statistics for Ngrmalidy
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Reliability (Cronbach's Alpha) Results

Items with Lower Reliability

34.8%

65.2%

Items with Acceptable Reliability (Cronbach's Alpha)
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Interpretation of Statistical Tests and Figures
Normality Test (Shapiro-Wilk Test) Results

The Shapiro-Wilk test was applied to assess the normality of two variables: Likelihood to Consider Therapy and Concern
about Safety. Both variables showed significant departures from normality, as evidenced by the p-values of 0.00.00.0 for
both tests, which are well below the 0.05 threshold. This indicates that neither variable follows a normal distribution, meaning
that these ordinal variables (based on Likert scale responses) are not suitable for statistical analyses that assume normality,
such as parametric tests. Consequently, non-parametric methods or techniques that account for ordinal data will be more
appropriate for further analysis (Margiana et al., 2022).

Reliability (Cronbach’s Alpha) Results

The Cronbach’s Alpha for the set of items related to Effectiveness Compared to Traditional Treatments, Scar Reduction
Effectiveness, and Likelihood to Consider Therapy was calculated to be 0.652. This value suggests that the internal
consistency of the survey items is acceptable but not optimal. Typically, a Cronbach's Alpha of 0.7 or higher is considered
good, while values between 0.6 and 0.7 are deemed acceptable. Therefore, while the reliability of the items used in this study
is reasonable, there is potential for improvement, such as by refining the survey questions or adding more related items
(Tottoli et al., 2020).

Visualizations:
Bar Chart:

The bar chart visually represents the Shapiro-Wilk test statistics for the two variables. Both "Likelihood to Consider Therapy"
and "Concern about Safety" have relatively low Shapiro-Wilk statistics, reinforcing the conclusion that these variables do
not follow a normal distribution. The chart also highlights the significant p-values for both tests, emphasizing that normality
cannot be assumed for these data (Nasiri et al., 2024).

Pie Chart:

The pie chart provides a visual breakdown of the reliability of the selected items based on Cronbach's Alpha. It shows that
65.2% of the items exhibit acceptable reliability, while 34.8% could potentially benefit from refinement or additional items
to improve internal consistency. This graphical representation helps to quickly communicate the strength of the reliability of
the items used in the study (Bian et al., 2022).

5. DISCUSSION

The findings from this study offer valuable insights into the application of stem cell therapies in wound healing and scar
reduction, particularly in the context of the perceptions and experiences of individuals involved in the treatment process.
Normality Test The Shapiro-Wilk test revealed that both the Likelihood to Consider Therapy and Concern about Safety
variables deviate significantly from a normal distribution, as indicated by their extremely low p-values. This suggests that
the responses to these variables follow an ordinal distribution, typical of Likert-scale data. Given that both variables are
ordinal, it is not surprising that they do not meet the assumption of normality required for parametric tests. Consequently,
this study will need to rely on non-parametric statistical methods or ordinal regression for further analyses (Jones et al.,
2019).

Non-parametric tests, such as the Mann-Whitney U test or the Kruskal-Wallis test, will be better suited to assess differences
in these ordinal variables. Reliability Analysis The Cronbach’s Alpha of 0.652 indicates acceptable internal consistency for
the set of items measuring Effectiveness Compared to Traditional Treatments, Scar Reduction Effectiveness, and
Likelihood to Consider Therapy. While a value above 0.7 is typically considered ideal for Cronbach’s Alpha, values
between 0.6 and 0.7 still suggest that the items are reasonably reliable for this survey. However, to further improve the
reliability, future surveys could consider refining existing items or adding more related questions to ensure that the constructs
being measured (such as effectiveness and perceived benefit) are more cohesively represented. These improvements could
lead to higher internal consistency and more robust conclusions (Ho et al., 2023).

Implications for Practice and Research: The results from these analyses highlight key areas that need to be addressed in
future research on stem cell therapies for wound healing and scar reduction. First, the non-normal distribution of responses
underscores the importance of using statistical methods that account for ordinal data, ensuring a more accurate interpretation
of the results. Second, while the reliability analysis shows acceptable consistency, efforts should be made to enhance the
reliability of the survey instrument by refining the items and adding new ones, particularly in measuring the long-term
outcomes of stem cell therapies. Improving the reliability of these measures would increase confidence in the survey results,
providing stronger evidence for clinical decision-making (Bojanic et al., 2021).

Limitations and Future Directions: The study’s reliance on self-reported data is another potential limitation, as participants
may introduce bias based on their subjective experiences or perceptions of stem cell therapy. Additionally, the relatively low
Cronbach’s Alpha suggests that some items may not be as aligned with the intended constructs, warranting a revision of the
survey instrument. Further research should focus on large-scale, longitudinal studies with a more diverse participant pool to
validate these findings and provide insights into the long-term effectiveness of stem cell therapies (Fan et al., 2020).
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Moreover, additional research exploring the clinical outcomes of stem cell therapies in wound healing, particularly
randomized controlled trials, would provide a more robust evidence base. It is important to continue exploring the various
types of stem cells (e.g., MSCs, iPSCs) and their unique contributions to wound healing and scar reduction. Additionally,
addressing the safety concerns identified by respondents—such as immune rejection and tumor formation—will be critical
for the broader adoption of these therapies in clinical settings (Farabi et al., 2024).

6. CONCLUSION

This study aimed to explore the perceptions and effectiveness of stem cell therapies in wound healing and scar reduction,
with a focus on evaluating their perceived benefits, safety concerns, and overall impact through a quantitative survey. The
findings provide valuable insights but also highlight several key areas for improvement in both the survey design and data
analysis methods. First, the normality tests indicated that both the Likelihood to Consider Therapy and Concern about
Safety variables significantly deviates from a normal distribution, which is typical of ordinal data. This suggests that non-
parametric statistical methods are more appropriate for further analysis of these variables. Recognizing this limitation is
crucial for future studies, as it emphasizes the need to choose statistical techniques that are well-suited for the data type,
ensuring more accurate and meaningful conclusions.

Second, the Cronbach’s Alpha value of 0.652 for the selected items measuring effectiveness, scar reduction, and treatment
considerations shows acceptable internal consistency. While this is a positive indicator, the value falls below the ideal
threshold of 0.7, suggesting room for improvement in the reliability of the measurement tool. Future research should refine
the survey items to enhance the internal consistency of the constructs being measured, ultimately improving the quality and
reliability of the data. Despite these limitations, the study contributes to the growing body of evidence supporting stem cell
therapies for wound healing and scar reduction.

It underscores the potential benefits of stem cells in accelerating wound recovery and reducing scarring, although safety
concerns such as immune rejection and tumor formation remain significant. Future research should focus on large-scale,
longitudinal studies to validate the efficacy and safety of stem cell therapies, exploring their long-term impacts on patients.
Ultimately, the continued refinement of research tools and methodologies will ensure that regenerative medicine can be more
effectively integrated into clinical practice, offering better treatment options for patients with chronic wounds and scars.
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