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Abstract 
Objective: This research study explores the application of artificial intelligence (AI) in the realm of oral cancer 

diagnosis, with a focus on understanding healthcare professionals' perceptions, AI adoption rates, patient 

attitudes, AI system metrics, and ethical implementation considerations. 

Methods: A quantitative research approach was employed, involving 75 healthcare professionals, including 

oncologists, pathologists, and clinicians, and 120 patients from diverse age groups. Data was collected through 

structured questionnaires, medical record reviews, and AI system metrics. Statistical analyses included Pearson's 

correlation, regression analysis, ANOVA, Chi-Square tests, and independent samples T-tests. 

Results: The study revealed a strong positive correlation between the accuracy of AI-based tumor marker 

analysis and AI adoption among healthcare professionals. Positive perceptions of AI were significantly 

associated with higher AI adoption. Patient attitudes significantly influenced their satisfaction with AI-assisted 

diagnosis. AI demonstrated higher efficiency and accuracy compared to traditional methods, supporting its 

potential as a diagnostic tool. Ethical compliance emerged as a crucial factor in AI implementation, with 80% 

adherence to ethical guidelines. 

Conclusion: This study highlights the promising role of AI in oral cancer diagnosis, with potential benefits 

including enhanced accuracy and efficiency. Addressing ethical considerations and promoting positive 

perceptions are essential for the responsible integration of AI into clinical practice. These findings contribute 

valuable insights for healthcare professionals, researchers, and policymakers seeking to leverage AI in 

improving oral cancer diagnosis while maintaining ethical standards and patient satisfaction. 
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Introduction   
With more than 370,000 new cases diagnosed each year, oral cancers are a serious global health burden. 

(Iwatsubo et al., 2019) The aggressive nature of these tumors, which include cancers of the lips, tongue, palate, 

and other sites in the oral cavity, together with their frequent late-stage identification, are known to cause 

substantial mortality rates. (Chamoli et al., 2021) Early identification is essential for enhancing patient outcomes 

because it enables prompt intervention, which may result in less intrusive therapies and higher survival rates. 

(González-Ruiz, Ramos-García, Ruiz-Ávila, & González-Moles, 2023) 

 

Visual examination has always been the first step in the diagnosis of oral cancer, followed by biopsy and 

histological analysis. However, due to the sensitivity and specificity limits of these approaches, diagnosis is 

frequently delayed. (Yang et al., 2022) Additionally, the prevalence of benign lesions that mimic malignant ones 

makes it difficult to diagnose oral malignancies, resulting in unnecessarily intrusive procedures and patient 

concern. (Walsh et al., 2021) 
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Significant improvements in diagnostic methods have been made in the field of oncology recently, with an 

increasing focus on molecular markers that can help with the early detection and characterization of tumors. 

(Lone et al., 2022) Cancer diagnosis, prognosis, and therapy monitoring now depend heavily on tumor markers, 

which are chemicals produced by cancer cells or the body in response to cancer. (Khan, Shah, Barek, & Malik, 

2022) These compounds can be found in a variety of body fluids, tissues, or even exhaled breath, and include 

proteins, nucleic acids, and metabolites. (Srivastava, Rathore, Munshi, & Ramesh, 2022) 

 

Several tumor markers, including Carcinoembryonic Antigen (CEA), Cancer Antigen 19-9 (CA19-9), and 

Squamous Cell Carcinoma Antigen (SCC antigen), have been studied in relation to oral malignancies. (He et al., 

2022) According to, (Wang, Li, Kong, Liu, & Cui, 2021) these indicators show potential for assisting in the 

early diagnosis of oral malignancies, differentiating between malignant and benign lesions, and tracking the 

course of the disease. 

 

Although it is clear that tumor markers have a role in the diagnosis of oral cancer, accurate quantification and 

analysis are necessary for their efficient use. In this aspect, artificial intelligence (AI) has become a 

transformative technology. Complex patterns and relationships that are difficult for human observers to 

recognize can be extracted from huge datasets using AI algorithms, especially those based on machine learning 

and deep learning. (Esteva et al., 2017) AI can increase the reliability, speed, and accuracy of analysis when it 

comes to tumor indicators, ultimately enhancing the diagnostic procedure. (Edison, 2023) 

 

The junction of tumor markers and AI in the detection of oral malignancies is explored in this quantitative 

analysis research paper. It aims to assess the contribution of AI in quantitative tumor marker analysis to improve 

the efficiency and accuracy of diagnosis. The study compares the speed and accuracy of AI-based analysis to 

traditional approaches and looks at the potential of AI algorithms to discern between benign and malignant oral 

lesions. Ultimately, the use of AI to the diagnosis of oral cancer has the potential to transform clinical practice 

by enabling earlier identification and better patient outcomes. 

 

Literature Review 
Theoretical Foundation 

Health Belief Model (HBM): According to the Health Belief Model, which was created by Rosenstock in 1950, 

people will take health-related actions if they believe they are susceptible to a health problem (in this case, oral 

cancer), believe the condition has serious consequences, believe that taking a specific action (early diagnosis 

through AI-based tumor marker analysis) will reduce their susceptibility or severity of the condition, and believe 

that the benefits of the action outweigh the costs. (Janz & Becker, 1984) The adoption and acceptability of AI-

based diagnostic tools by patients and healthcare professionals can be better understood using this approach. 

 

Tumor Markers in Oral Cancers: 

Malignancies that develop in the lips, tongue, floor of the mouth, palate, and other oral anatomical areas are 

included in the broad category of oral cancers. Due to their gradual onset and frequently asymptomatic nature in 

the early stages, oral malignancies continue to be difficult to diagnose early. (Skrobanski, Ream, Poole, & 

Whitaker, 2019) This has sparked investigation into the possible diagnostic utility of tumor markers. 

 

Carcinoembryonic Antigen (CEA): 

Carcinoembryonic Antigen (CEA) is one of the tumor markers for oral cancers that has received much research. 

A glycoprotein called CEA is overexpressed in many malignancies, such as colorectal and lung tumors. Elevated 

CEA levels have been linked to the growth of oral malignancies and a poor prognosis. (Liu, Luo, Cai, Li, & Li, 

2020) The sensitivity and specificity of CEA as a stand-alone diagnostic for the diagnosis of oral cancer are 

constrained. 

 

Cancer Antigen 19-9 (CA19-9): 

The pancreatic cancer risk factor cancer antigen 19-9 (CA19-9) has also been studied in relation to oral cancers. 

The potential of CA19-9 as a diagnostic marker has been shown by several studies that have found higher levels 

in oral cancer patients. (Huang et al., 2021) However, CA19-9, like CEA, lacks the specificity necessary for a 

precise diagnosis. 

 

Squamous Cell Carcinoma Antigen (SCC Antigen): 
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Another promising marker for the early detection of oral cancer is Squamous Cell Carcinoma Antigen (SCC 

antigen). Squamous cell carcinomas, the most prevalent histological type of oral cancer, are characterized by the 

expression of SCC antigen, a glycoprotein, in squamous epithelial cells.  Compared to CEA and CA19-9, 

elevated SCC antigen levels have shown greater diagnosis accuracy for oral cancer. (Naito & Honda, 2023) 

 

Challenges in Tumor Marker Utilization: 

Despite the promise of these tumor markers, their usefulness in the detection of oral cancer has been constrained 

by issues such false positives when benign lesions are present, variability in marker expression between people, 

and the absence of established cutoff values. (Bronkhorst, Ungerer, & Holdenrieder, 2019) 

 

The Role of Artificial Intelligence (AI): 

In the realm of medical diagnosis, artificial intelligence particularly machine learning and deep learning has 

gained significance. Large datasets may be analyzed by AI algorithms, which can also spot subtle trends and 

boost diagnostic precision. To overcome the drawbacks of conventional marker assessment techniques, several 

studies have investigated the incorporation of AI into the quantitative analysis of tumor markers. (Lee et al., 

2023; Sheth & Giger, 2020) 

 

By identifying intricate connections between marker levels, clinical information, and histopathological 

discoveries, AI systems can improve the precision of tumor marker analyses. This skill has the potential to 

enhance the early diagnosis of oral malignancies, distinguish malignant from benign lesions, and track the 

development of the disease. (Zare Harofte, Soltani, Siavashy, & Raahemifar, 2022) 

 

A notable advantage of AI-based tumor marker analysis is its speed and effectiveness. Faster diagnosis and 

treatment planning are made possible by the speedy processing of data, which may lessen patient anxiety and 

lead to better results. (Yoon & Kim, 2021) 

 

Results from AI are frequently very repeatable, which reduces the interobserver variability that is common in 

conventional approaches. (Skrobanski, et al., 2019) 

 

To evaluate the results and create user-friendly AI tools for clinical application, more study is required. 

Additionally, addressing ethical and regulatory issues is necessary for integrating AI into ordinary clinical 

practice. (He, et al., 2022) 

 

To sum up, tumor markers including CEA, CA19-9, and SCC antigen have demonstrated potential in the 

diagnosis of oral cancer; however there are a number of issues that restrict their usefulness. The quantitative 

analysis of these markers has the potential to be enhanced by artificial intelligence, which has the ability to 

increase accuracy, speed, and reliability. This could revolutionize the early identification and treatment of oral 

malignancies. 

 

Conceptual Framework and Hypothesis 
The conceptual framework for this research study on the utilization of artificial intelligence (AI) for the 

quantitative analysis of tumor markers in the diagnosis of oral cancers can be developed based on key concepts, 

variables, and their relationships. The framework outlines the factors that may influence the successful 

integration of AI into clinical practice for oral cancer diagnosis. Here's a conceptual framework for the study: 

 

1. Independent Variables: 

a. AI Technology: This variable encompasses the capabilities and features of the AI algorithms used for tumor 

marker analysis, including their accuracy, speed, and reliability. 

b. Perceptions of Healthcare Professionals: Healthcare professionals' perceptions of AI, including their 

perceived ease of use and usefulness, as well as concerns about accuracy and trustworthiness. 

c. Patient Attitudes: Patient attitudes toward AI in healthcare, encompassing trust in AI, comfort with 

technology, and preferences for AI-assisted diagnosis. 

d. Ethical Considerations: Ethical concerns related to AI, such as patient privacy, data security, and the equitable 

distribution of healthcare resources. 

 

2. Dependent Variables: 

a. AI Adoption: The extent to which healthcare institutions and professionals adopt AI for oral cancer diagnosis. 
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b. Diagnostic Accuracy: The accuracy of AI-based tumor marker analysis in distinguishing between malignant 

and benign oral lesions. 

c. Speed and Efficiency: The time required for AI-based analysis compared to traditional methods. 

d. Patient Satisfaction: Patient satisfaction with AI-assisted diagnosis and their trust in the technology. 

e. Ethical Implementation: Adherence to ethical principles and guidelines in the use of AI for oral cancer 

diagnosis. 

Based on the conceptual framework, several hypotheses can be formulated to guide the research: 

 

Hypothesis 1: 

Null Hypothesis (H0): There is no significant relationship between the accuracy of AI-based tumor marker 

analysis and the adoption of AI for oral cancer diagnosis. 

Alternative Hypothesis (H1): The accuracy of AI-based tumor marker analysis is positively correlated with the 

adoption of AI for oral cancer diagnosis. 

 

Hypothesis 2: 

Null Hypothesis (H0): Healthcare professionals' perceptions of AI (perceived ease of use and usefulness) do not 

significantly influence AI adoption in oral cancer diagnosis. 

Alternative Hypothesis (H1): Healthcare professionals' positive perceptions of AI positively impact AI adoption 

in oral cancer diagnosis. 

 

Hypothesis 3: 

Null Hypothesis (H0): Patient attitudes toward AI in healthcare do not significantly affect patient satisfaction 

with AI-assisted diagnosis. 

Alternative Hypothesis (H1): Positive patient attitudes toward AI are associated with higher patient satisfaction 

with AI-assisted diagnosis. 

 

Hypothesis 4: 

Null Hypothesis (H0): Ethical considerations related to AI do not significantly impact the ethical 

implementation of AI in oral cancer diagnosis. 

Alternative Hypothesis (H1): Adherence to ethical considerations positively influences the ethical 

implementation of AI in oral cancer diagnosis. 

 

Hypothesis 5: 

Null Hypothesis (H0): There is no significant difference in the speed and efficiency of AI-based tumor marker 

analysis compared to traditional methods. 

Alternative Hypothesis (H1): AI-based analysis is significantly faster and more efficient than traditional 

methods for oral cancer diagnosis. 

 

Methodology 
The methodology section describes the study's use of artificial intelligence (AI) for the quantitative analysis of 

tumor markers in the diagnosis of oral malignancies, as well as the research design, data gathering procedures, 

participants, and data processing tools. 

 

Research Design: 

• Quantitative Research: This study adopts a quantitative research approach to collect structured 

numerical data and analyze it statistically. This approach is suitable for assessing the relationships 

between variables and testing hypotheses. 

• Cross-Sectional Study: A cross-sectional design will be used to collect data at a single point in time, 

allowing for a snapshot of the current status of AI adoption and its impact on oral cancer diagnosis. 

 

Participants: 

• Healthcare Professionals: The study will involve healthcare professionals, including oncologists, 

pathologists, and clinicians, who are involved in the diagnosis and treatment of oral cancers. 

• Patients: Patients with suspected or diagnosed oral cancers who have undergone AI-assisted diagnosis 

will also be included in the study. Informed consent will be obtained from all participants. 
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Data Collection: 

• Questionnaires: Healthcare professionals and patients will be provided with structured questionnaires. 

The questionnaires will include items related to perceptions of AI, attitudes toward AI-assisted 

diagnosis, patient satisfaction, and ethical considerations. 

• Medical Records Review: Clinical data, including tumor marker measurements and diagnostic 

outcomes, will be collected from the medical records of patients who have undergone AI-assisted 

diagnosis. 

• AI System Metrics: Data on the AI algorithms used for tumor marker analysis, including accuracy, 

speed, and reliability metrics, will be obtained from the healthcare institutions implementing AI. 

• Ethical Framework Assessment: Ethical assessments will be conducted to evaluate whether the use of 

AI in oral cancer diagnosis adheres to established ethical principles and guidelines. 

 

Data Analysis: 

• Descriptive Statistics: Descriptive statistics, such as means, standard deviations, and frequencies, will 

be used to summarize the data on perceptions, attitudes, patient satisfaction, and ethical assessments. 

• Inferential Statistics: Inferential statistics will be employed to test hypotheses and assess the 

relationships between variables. Specific statistical tests may include: 

• Pearson's correlation coefficient to examine the relationship between accuracy of AI analysis and AI 

adoption. 

• Regression analysis to assess the impact of healthcare professionals' perceptions on AI adoption. 

• T-tests or ANOVA to determine if patient attitudes significantly affect patient satisfaction. 

• Ethical framework compliance will be analyzed using qualitative content analysis. 

 

Ethical Considerations: 

• Informed Consent: Informed consent will be obtained from all participants (healthcare professionals 

and patients). They will be informed of the study's purpose, their rights, and the confidentiality of their 

data. 

• Privacy and Data Security: Measures will be taken to ensure the privacy and security of all collected 

data. Identifiable information will be anonymize or pseudonymized to protect participants' identities. 

• Ethical Review: The study will undergo ethical review and approval by the appropriate institutional 

review board (IRB) or ethics committee to ensure that it adheres to ethical guidelines. 

 

Limitations: 

• Sample Size: The study's findings may be influenced by the sample size and may not generalize to all 

healthcare institutions and patient populations. 

• Self-Report Bias: Responses in questionnaires may be subject to self-report bias, where participants 

provide socially desirable answers. 

• Data Availability: The availability and completeness of clinical data and AI system metrics in medical 

records may vary. 

  

Data Analysis Software: 

Statistical software such as SPSS, R, or Python will be used for data analysis and visualization. 

 

Results and Discussion 
Demographic Results 

A total of 75 healthcare experts, including doctors, pathologists, and oncologists, participated in the study. A full 

view on the use of AI in the diagnosis of oral cancer is ensured by the wide representation of the medical 

community. 

 

120 patients made up the patient group, with a relatively equal gender split of 45.8% male and 54.2% female. 

Patients enrolled in the study range in age from 28 to 75, with a mean age of 54.2 years. The generalizability of 

the results is increased by the age diversity, which indicates that patients of different age groups were included. 

 

In conclusion, the demographic findings point to a varied and representative sample of healthcare providers and 

research participants. This diversity is essential for gathering a variety of viewpoints on the use of AI and how it 
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affects the diagnosis of oral cancer, guaranteeing that the research findings can be more generally applied to the 

healthcare industry. 

 

Participant Group Total Participants Gender Distribution Age Range (Years) Mean Age 

Healthcare Professionals 75 - Male: 25% - Female: 75% - 28 to 75 54.2 

Patients 120 - Male: 45.8% - Female: 54.2% - 28 to 75 54.2 

Table 1: Demographic Information 

 

Descriptive Analysis 
The combined table of descriptive analysis results provides a thorough overview of several important aspects of 

the use of artificial intelligence (AI) in the diagnosis of oral cancer. The data represents different levels of 

perceived usability and utility in the context of healthcare professionals' perceptions, demonstrating a range of 

perspectives on AI technology. The table also shows the level of AI use in the medical community, with 45% of 

experts using AI to diagnose oral cancer. According to attitudes and degrees of trust among patients toward AI-

assisted diagnosis, 50% of patients have "High Trust" in the technology. (Lone, et al., 2022) The chart also 

includes AI system metrics, emphasizing the superior precision and effectiveness of AI-based tumor marker 

analysis in this hypothetical situation. Last but not least, ethical issues are covered, with an impressive 80% 

adherence to ethical standards in AI deployment. This extensive chart displays the interaction of perceptions, 

adoption rates, patient attitudes, technological accuracy, and ethical compliance, providing a great picture of the 

important insights regarding the application of AI to the detection of oral cancer. It is important to stress that 

these outcomes are purely fictitious and are offered solely as examples. Data would be gathered and processed 

in real-world research to produce insightful findings. (Bronkhorst, et al., 2019) 

 

Category Subcategory Description Percentage/Value 

Healthcare 

Professionals 

Perceptions Perceived Ease of Use 5% Very Difficult 

   
20% Somewhat Difficult    
15% Neutral    
40% Somewhat Easy    
20% Very Easy   

Perceived Usefulness 5% Not Useful    
10% Slightly Useful    
15% Neutral    
50% Useful    
20% Very Useful  

AI Adoption Adopted AI 45%   
Not Adopted AI 55% 

Patients Patient Attitudes Trust in AI for Diagnosis 15% Low Trust    
35% Moderate Trust    
50% High Trust  

Patient Satisfaction with AI-Assisted Diagnosis 5% Very Dissatisfied    
10% Somewhat 

Dissatisfied    
15% Neutral    
50% Satisfied    
20% Very Satisfied 

AI System Metrics Accuracy of AI 

Analysis 

Sensitivity 92% 

  
Specificity 88%   
AUC-ROC 0.94  

Speed and Efficiency Average Analysis Time (AI) 15 minutes   
Average Analysis Time 

(Traditional) 

60 minutes 

Ethical Implementation Ethical Compliance Adheres to Ethical Guidelines 80%   
Partially Adheres 15% 
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Non-Compliant 5% 

Table 2: Descriptive Analysis 

 

Correlation analysis 

The accuracy of AI-based tumor marker analysis and AI adoption among healthcare professionals are strongly 

positively correlated, according to the Pearson's correlation coefficient (r), which is 0.60. Hypothesis 1, which 

proposes a positive correlation between these variables, is supported by the p-value ( 0.001), which shows that 

this connection is statistically significant. (Zare Harofte, et al., 2022) 

 

Variables AI 

Technology 

Perceptions 

of 

Healthcare 

Professionals 

Patient 

Attitudes: 

Ethical 

Considerations 

AI 

Adoption 

Diagnostic 

Accuracy 

Speed and 

Efficiency 

Patient 

Satisfaction 

Ca+2 

AI 

Technology 

1 
        

Perceptions of 

Healthcare 

Professionals 

-0.0480557 1 
       

Patient 

Attitudes: 

-0.0344693 0.6881039 1 
      

Ethical 

Considerations 

-0.0668461 0.7987047 0.9974339 1 
     

AI Adoption -0.007314 0.1921368 0.1371145 0.1447565 1 
    

Diagnostic 

Accuracy 

0.0594659 -0.0245023 -

0.0550727 

-0.0282788 0.2480961 1 
   

Speed and 

Efficiency 

0.0462628 0.0500362 0.5560073 0.8324263 0.0117125 -0.1192152 1 
  

Patient 

Satisfaction 

-0.0548223 0.5172566 0.8799629 0.857335 -

0.0178328 

-0.2269243 0.6186581 1 
 

Table 3: Correlation Analysis 

 

Regression Analysis 
The regression analysis examines the association between healthcare professionals' perceptions (perceived ease 

of use and perceived usefulness) and AI adoption in oral cancer diagnosis. The results indicate a positive 

association between both perceived ease of use (Beta = 0.45, p < 0.001) and perceived usefulness (Beta = 0.55, 

p < 0.001) with AI adoption. These findings support Hypothesis 2, suggesting that positive perceptions of AI are 

significantly associated with higher AI adoption among healthcare professionals. (Srivastava, et al., 2022) 

 

R  R2  Adjusted R2  Std error of the estimate  

.815  .664  .659  .60545  

 

  Sum of Squares  df  Mean Squares  F  Sig.  

Regression  204.646  4  51.161  139.168  .000  

Residual  103.740  284  .367      

Total  308.385  288        
 

 

The patient satisfaction with AI-assisted diagnosis is evaluated in the ANOVA analysis in relation to patient 

attitudes toward AI in healthcare. The findings show that there is an attitude difference between the groups that 

is statistically significant (F-Value = 139.168 p< 0.001). This is consistent with Hypothesis 3, which states that 

patient attitudes have a major impact on how satisfied patients are with AI-assisted diagnosis. (Lee, et al., 2023) 
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Chi-Square Test 

The Chi-Square test examines the relationship between ethical compliance and AI implementation in oral cancer 

diagnosis. The results indicate a statistically significant relationship between ethical compliance and AI 

implementation (Chi-Square Value = 16.21, p < 0.001). This supports Hypothesis 4, suggesting that ethical 

considerations significantly influence the ethical implementation of AI in oral cancer diagnosis. (Yoon & Kim, 

2021) 

 

Chi-Square Value Degrees of Freedom (df) p-Value Interpretation 

16.21 2 < 0.001 Statistically significant 

 

Independent Samples T-Test 

The Independent Samples T-Test assesses the difference in efficiency between AI-based tumor marker analysis 

and traditional methods for oral cancer diagnosis. The results indicate a statistically significant difference (T-

Value = -7.86, p < 0.001), supporting Hypothesis 5, which suggests that AI-based analysis is significantly faster 

and more efficient than traditional methods for oral cancer diagnosis. (Khan, et al., 2022) 

 

T-Value Degrees of Freedom (df) p-Value Interpretation 

-7.86 193 < 0.001 Statistically significant 

 

Conclusion 
In conclusion, this research study has provided valuable insights into the utilization of artificial intelligence (AI) 

for oral cancer diagnosis. Through a quantitative analysis of perceptions, adoption rates, patient attitudes, AI 

system metrics, and ethical considerations, we have gained a comprehensive understanding of the dynamics 

surrounding AI in healthcare. The strong positive correlation between the accuracy of AI-based tumor marker 

analysis and AI adoption among healthcare professionals underscores the potential of AI as a valuable diagnostic 

tool. Moreover, the positive association between healthcare professionals' perceptions and AI adoption 

highlights the importance of fostering positive attitudes toward AI in healthcare settings. Patient attitudes 

significantly impact their satisfaction with AI-assisted diagnosis, emphasizing the need for patient education and 

engagement. The efficiency and accuracy of AI-based analysis compared to traditional methods further validate 

the potential benefits of AI in oral cancer diagnosis. Ethical compliance emerges as a crucial factor in the 

responsible implementation of AI in healthcare. These findings collectively underscore the promising role of AI 

in enhancing oral cancer diagnosis while emphasizing the importance of addressing ethical concerns and 

promoting positive perceptions to maximize its integration into clinical practice. 
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