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KNOWLEDGE,ATTITUDE AND AWARENESS OF DENTAL RADIOGRAPHIC WASTE MANAGEMENT AMONG DENTAL STUDENTS: A QUESTIONNAIRE -BASED SURVEY


ABSTRACT
Background: Dental radiography significantly contributes to the generation of radiographic waste such as lead foils and silver-containing fixer solutions. Improper disposal of these materials may pose serious risks to human health and the environment. Dental students, as future practitioners, play a vital role in ensuring safe and responsible waste management practices.
Aim: To assess the knowledge, attitude, and awareness of dental students regarding dental radiographic waste management.
Materials and Methods: A cross-sectional questionnaire-based study was conducted among 200 dental students including undergraduate students, interns, and postgraduate students. A structured self-administered questionnaire was used to collect demographic information and assess knowledge, attitude, and awareness regarding radiographic waste management. Data were analyzed using descriptive statistics. The Shapiro–Wilk test was used to assess data normality, and the Mann–Whitney U test was used for group comparison. Results were expressed as frequencies, percentages, mean, and standard deviation.
Results: The total knowledge scores ranged from 13 to 18 with a mean score of 16.32 ± 1.20, indicating an overall satisfactory level of knowledge among the participants. Most participants demonstrated good awareness regarding environmental and health hazards associated with radiographic waste (90.0%) and correct disposal of fixer solutions (89.0%). However, knowledge regarding proper disposal of lead foils was comparatively lower (44.5%), and only 25.0% of participants had received formal training in radiographic waste management.
Conclusion: Dental students demonstrated satisfactory knowledge and positive attitudes toward radiographic waste management. However, procedural gaps and limited formal training highlight the need for strengthened educational interventions and institutional reinforcement to promote environmentally responsible dental practice.
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INTRODUCTION
Dental radiography is an indispensable diagnostic tool in contemporary dental practice and plays a crucial role in the detection, diagnosis, and treatment planning of various oral and maxillofacial conditions. Despite its clinical importance, conventional radiographic procedures generate several types of hazardous waste materials including lead foils, silver-containing fixer solutions, developer chemicals, and contaminated packaging materials. Improper disposal of these substances can pose serious environmental and public health risks because heavy metals such as lead and silver may contaminate soil and groundwater and accumulate in biological systems over time.¹–³ Environmental concerns related to dental radiographic waste have therefore received increasing attention in recent years, particularly with the growing emphasis on sustainable and environmentally responsible dental practice.⁴–⁶Biomedical waste management has consequently become an essential component of healthcare delivery systems worldwide. Several regulatory authorities, including the World Health Organization and the Central Pollution Control Board, have established guidelines and regulations for the safe segregation, handling, treatment, and disposal of healthcare waste to minimize environmental hazards and occupational exposure risks.²⁴˒²⁵ Despite the presence of such regulations, previous studies have reported inadequate knowledge, poor compliance, and inconsistent implementation of biomedical waste management protocols among healthcare professionals and students.⁷–¹⁰ In dental practice, radiographic waste management requires particular attention because materials such as lead foils and fixer solutions contain toxic components that require proper recycling or disposal procedures to prevent ecological contamination.¹¹–¹⁴Dental students represent the future workforce of dental professionals, and their knowledge, attitudes, and practices regarding waste management play a critical role in promoting environmentally sustainable dentistry. Educational institutions therefore have a responsibility to provide adequate training and awareness regarding biomedical and radiographic waste management during undergraduate and postgraduate education. Previous research has demonstrated that although dental students often possess a reasonable level of theoretical knowledge, gaps may still exist in the practical implementation of safe waste disposal practices.¹⁵–¹⁸ 
Recent studies have further emphasized the importance of integrating environmental sustainability concepts into dental education and promoting responsible waste management practices among future dental practitioners.¹⁹–²³ Therefore, assessing the knowledge, attitude, and awareness of dental students regarding radiographic waste management is essential for identifying educational gaps and improving training strategies. Hence, the present study aimed to assess the knowledge, attitude, and awareness of dental students regarding dental radiographic waste management.
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MATERIALS AND METHODS
Study Design and Setting:
A cross-sectional questionnaire-based survey was conducted among dental students to assess their knowledge, attitude, and awareness regarding radiographic waste management. The study was carried out in a dental institution over a period of 4 months from SEPTEMBER 2025 to DECEMBER 2025
Inclusion Criteria
· Dental students willing to participate in the study
· Students who had prior exposure to dental radiographic procedures
· Undergraduate clinical students and/or postgraduate students
Exclusion Criteria
· Preclinical students with no exposure to radiography
· Students who did not provide informed consent
· Incompletely filled questionnaires
Study Population and Sample Size:
The study population comprised undergraduate and/or postgraduate dental students who were involved in clinical practice and had exposure to dental radiography. A total of 200 dental students participated in the study. The sample size was determined based on previous similar studies and feasibility considerations.
Data Collection Procedure:
Data were entered into Microsoft Excel and analyzed using Jamovi statistical software (version 2.7.18.0). Descriptive statistics were used to summarize the data. Categorical variables were expressed as frequencies and percentages, while continuous variables were presented as mean and standard deviation (SD).Each correct response was assigned a score of 1 and each incorrect response a score of 0. The total knowledge score for each participant was calculated by summing individual item scores. Normality of data distribution was assessed using the Shapiro–Wilk test, which indicated that the data were not normally distributed.Accordingly, non-parametric statistical tests were applied. The Mann–Whitney U test was used to compare total knowledge scores between groups based on dental program. A p-value of < 0.001 was considered statistically significant.
RESULTS
The demographic characteristics of the participants are presented in Table 1.Among the participants, students from different academic years were represented. First-year students constituted 18.0% (n = 36) of the sample, followed by second-year students 13.0% (n = 26), third-year students 18.5% (n = 37), and fourth-year students 15.5% (n = 31). Interns (CRRI) formed the largest group, accounting for 35.0% (n = 70) of the total participants.With regard to the dental program, the majority of respondents were from undergraduate programs (87.5%, n = 175), while 12.5% (n = 25) were enrolled in postgraduate programs.
Knowledge regarding dental radiographic waste management is summarized in Table 2.Only 40.0% (n = 80) of participants reported having prior experience or training in waste management, whereas a larger proportion (60.0%, n = 120) had not received any formal training related to waste handling or disposal.Assessment of knowledge revealed variable levels of understanding among participants. When asked about the types of waste generated during dental radiographic procedures, 69.0% (n = 138) responded correctly, while 31.0% (n = 62) demonstrated inadequate knowledge.Regarding the disposal of lead foils used in dental radiography, only 44.5% (n = 89) identified the correct method, whereas 55.5% (n = 111) reported incorrect disposal practices.A high level of awareness was observed concerning the environmental and health hazards associated with dental radiographic waste, with 90.0% (n = 180) acknowledging the risks involved. However, despite this awareness, only 25.0% (n = 50) of respondents had received formal training on handling and disposing of dental radiographic waste.Knowledge regarding the recommended method for disposing of fixer solution was comparatively high, with 89.0% (n = 178) answering correctly. In contrast, awareness about the frequency of segregation and disposal of radiographic waste was lower, with only 41.5% (n = 83) providing correct responses.
Attitude-related responses are shown in Table 3. The attitude assessment demonstrated a predominantly positive outlook among participants. A majority (60.0%, n =120) considered it important to follow proper protocols for handling and disposing of dental radiographic waste.When asked whether dental radiographic waste poses a significant environmental and health risk,60.0% (n =120)strongly agreed, indicating strong recognition of its potential hazards.An overwhelming 96.0% (n = 192) of participants expressed willingness to participate in training programs related to proper handling and disposal of radiographic waste. Additionally, 50.5% (n = 101) agreed that it is the responsibility of dental students to adhere to proper waste management protocols.
Awareness-related findings are presented in Table 4.Awareness regarding existing guidelines and regulations for managing dental radiographic waste was high, with 88.5% (n = 177) of participants reporting familiarity with such guidelines in their institution.However, 30.5% (n = 61) of respondents reported having witnessed or being aware of improper handling or disposal of dental radiographic waste within their institution, while 69.5% (n = 139) had not observed such practices.A strong perceived need for further education was evident, as 94.5% (n = 189) of participants felt that additional training and education on dental radiographic waste management were necessary. Awareness of the potential consequences of improper disposal was reported by 89.5% (n = 179) of respondents.Furthermore, 81.5% (n = 163) acknowledged that their institution had undertaken efforts to reduce or properly manage dental radiographic waste, whereas 18.5% (n = 37) were unaware of such initiatives.
TABLE 1: The demographic characteristics of the participants
	Variable
	Response
	n
	%

	Year of study
	1st year
	36
	18.0

	
	2nd year
	26
	13.0

	
	3rd year
	37
	18.5

	
	4th year
	31
	15.5

	
	Interns (CRRI)
	70
	35.0

	Dental program
	Undergraduate
	175
	87.5

	
	Postgraduate
	25
	12.5



TABLE 2: Knowledge regarding dental radiographic waste management
	Variable
	                        Response
	n
	%

	Prior training in waste management
	Yes
	80
	40.0

	
	No
	120
	60.0

	Correct knowledge of waste types
	All the above
	138
	69.0

	
	Radiographic flims
	31
	15.5

	
	Lead foils
	13
	6.5

	
	Developer solutions
	11
	5.5

	
	Fixer solutions
	7
	3.5

	Correct disposal of lead foil
	Recycling
	89
	44.5

	
	Seggregation in designated containers
	86
	43.0

	
	Disposal in regular trash
	25
	12.5

	Awareness of environmental and health hazards
	Yes
	180
	90.0

	
	No
	20
	10.0

	Received training on radiographic waste disposal
	Yes
	50
	25.0

	
	No
	150
	75.0

	Correct disposal of fixer solution
	Collection in designated containers for proper disposal
	178
	89.0

	
	Disposal in regular drain
	22
	11.0

	Correct segregation frequency
	Daily
	83
	41.5

	
	Weekly
	72
	36

	
	As needed
	31
	15.5

	
	Monthly
	14
	7.0



TABLE 3: Attitude-related responses
	       Variable
	     Response
	n
	%

	Importance of following proper protocols
	Very important
	179
	89.5

	
	Somewhat important
	21
	10.5

	
	Not very important
	0
	0

	
	Not at all important
	0
	0

	Radiographic waste poses significant health and environmental risk
	Strongly agree
	120
	60.0

	
	Agree
	76
	38.0

	
	Neutral
	3
	1.5

	
	Disagree
	0
	0

	
	Strongly disagree
	1
	0.5

	Willingness to participate in training programs
	Yes
	192
	96.0

	
	No
	8
	4.0

	Responsibility of dental students in waste management
	Strongly agree
	94
	47.0

	
	Agree
	101
	50.5

	
	Neutral
	4
	2.0

	
	Disagree
	0
	0

	
	Strongly disagree
	1
	0.5



TABLE 4: Awareness-related findings
	                  Variable
	Response
	n
	%

	Awareness of institutional guidelines
	Yes
	177
	88.5

	
	No
	23
	11.5

	Witnessed improper disposal practices
	Yes
	61
	30.5

	
	No
	139
	69.5

	Need for more education and training
	Yes
	189
	94.5

	
	No
	11
	5.5

	Awareness of consequences of improper disposal
	Yes
	179
	89.5

	
	No
	21
	10.5

	Institutional efforts toward waste management
	Yes
	163
	81.5

	
	No
	37
	18.5



List 1 : Overall Knowledge Scores

	Descriptives

	 
	N
	Mean
	SD

	Total score
	200
	16.3
	1.20


The total knowledge scores ranged from 13 to 18, with a mean score of 16.32 ± 1.20, indicating an overall satisfactory level of knowledge among the participants.

List 2 : Comparison of Knowledge Scores by Dental Program
To further evaluate differences in knowledge levels among participants, comparisons between groups were performed using the Mann–Whitney U test. The analysis revealed variations in knowledge scores among different categories of dental students, including undergraduate students, interns, and postgraduate students. Participants with greater clinical exposure, such as interns and postgraduate students, demonstrated comparatively higher knowledge scores than undergraduate students. However, the overall level of knowledge regarding dental radiographic waste management was found to be satisfactory among the study population
	Independent Samples T-Test

	 
	 
	Statistic
	p

	Total score
	Mann-Whitney U
	856
	<.001

	Note. Hₐ μ1 ≠ μ2



List 3: Shapiro-Wilk Test
	Descriptives

	
	Shapiro-Wilk

	 
	N
	Mean
	SD
	W
	p

	What is your dental program?
	200
	1.13
	0.332
	0.387
	<.001

	Total score
	200
	16.32
	1.198
	0.911
	<.001



DISCUSSION
The present study evaluated the knowledge, attitude, and awareness of dental students regarding dental radiographic waste management and revealed generally satisfactory knowledge levels and a predominantly positive attitude, although specific procedural gaps were identified. These findings are consistent with previous research assessing biomedical and radiographic waste management among dental and healthcare professionals.In the current study, a majority of participants demonstrated awareness of the environmental and health hazards associated with radiographic waste. This observation is comparable to the findings of Sharma et al. (2013) [1], who reported that most dental students were aware of the potential hazards of improper biomedical waste disposal. Similarly, a study by Kumar et al. (2017) [2] observed that healthcare students exhibited good theoretical knowledge regarding biomedical waste risks. The high level of hazard awareness in the present study suggests that foundational concepts of waste management are adequately addressed in the curriculum.However, although overall knowledge was satisfactory, gaps were observed in specific procedural aspects, particularly regarding the proper disposal of lead foils. Only a limited proportion of participants correctly identified the recommended disposal method for lead-containing waste. This finding aligns with the study by Sood et al. (2014) [3], which reported inadequate knowledge among dental professionals regarding the disposal of radiographic lead foils. Lead toxicity and its environmental persistence make this deficiency particularly concerning, emphasizing the need for targeted training on radiographic waste components.Knowledge regarding disposal of fixer solutions was comparatively higher in the present study, which contrasts with findings from Patil and Pokhrel (2005) [4], where awareness of chemical waste disposal among healthcare workers was found to be suboptimal. The improved awareness observed in the current study may reflect increased emphasis on biomedical waste regulations in recent years and better integration of waste management topics within dental education.Only a minority of participants in the present study reported having received formal training specifically related to radiographic waste management. This is consistent with findings reported by Mathur et al. (2011) [5], who identified inadequate structured training as a major barrier to effective biomedical waste management practices. Lack of hands-on training may contribute to the observed knowledge–practice gap, wherein students possess theoretical understanding but lack confidence in practical implementation.The attitude assessment in the present study demonstrated overwhelmingly positive responses, with most participants acknowledging their responsibility in ensuring safe waste disposal and expressing willingness to attend training programs. Similar positive attitudes were reported by Deo et al. (2006) [6], who found that dental professionals generally exhibited a favorable outlook toward biomedical waste management despite variations in actual compliance. A positive attitude is an encouraging indicator, as it serves as a foundation for behavioral change when supported by appropriate training and institutional reinforcement.A noteworthy finding in the current study was that nearly one-third of participants reported witnessing improper disposal practices within their institutions. This observation suggests inconsistencies between awareness and real-world practice, echoing concerns raised by previous studies that identified gaps between knowledge and compliance [2,5]. Such discrepancies highlight the importance of institutional monitoring, regular audits, and reinforcement of standard operating procedures.Comparison across academic levels in the present study revealed higher knowledge scores among students in advanced programs, likely reflecting greater clinical exposure and academic maturity. Similar trends have been documented in earlier research, where postgraduate students demonstrated better knowledge compared to undergraduates [1,3]. This finding underscores the importance of introducing comprehensive waste management education early in undergraduate training to ensure uniform competency across all levels.Although digital radiography has reduced chemical waste generation in certain settings, conventional radiographic techniques remain widely used, particularly in resource-limited institutions. Therefore, strengthening education on safe radiographic waste disposal remains essential. Incorporating structured workshops, simulation-based demonstrations, and periodic refresher training programs may help bridge existing gaps and translate positive attitudes into consistent practice. Recent literature has increasingly emphasized the importance of environmental sustainability in dental practice. Improper disposal of radiographic waste materials such as lead foils and silver-containing fixer solutions can contribute to environmental pollution and occupational health risks. Studies have highlighted the need for structured institutional policies, recycling practices, and improved waste management education among dental professionals. Recent research by Khadse et al. (2024) and Mitsika et al. (2024) has further emphasized the importance of sustainable waste management strategies and responsible handling of dental waste to reduce environmental impact. These findings support the results of the present study and reinforce the need for strengthening educational initiatives and institutional monitoring to ensure effective radiographic waste management practices in dental institutions.The study has certain limitations, including its cross-sectional design and reliance on self-reported data, which may introduce reporting bias. Additionally, being conducted in a single institution may limit generalizability. Future multi-center studies incorporating observational assessment of actual disposal practices would provide more comprehensive insights.
In summary, the present study findings are largely consistent with previous literature demonstrating satisfactory theoretical knowledge and positive attitudes toward biomedical waste management, while also highlighting persistent procedural gaps and limited formal training. Addressing these gaps through strengthened curricular integration and institutional reinforcement is essential to promote environmentally responsible and ethically sound dental practice.
CONCLUSION
The present study evaluated the knowledge, attitude, and awareness regarding dental radiographic waste management among dental students. The findings indicate that most participants possessed adequate knowledge and demonstrated a positive attitude toward the safe handling and disposal of radiographic waste. High levels of awareness were observed with respect to the environmental and health hazards associated with improper waste management and the importance of adhering to established guidelines.However, despite satisfactory overall knowledge scores, gaps were identified in specific procedural aspects, particularly concerning the disposal of lead foils, frequency of waste segregation, and formal training exposure. The significantly higher knowledge levels observed among students in advanced dental programs highlight the influence of increased clinical experience and training on awareness and understanding of radiographic waste management.The study underscores the presence of a knowledge–implementation gap, suggesting that theoretical awareness does not consistently translate into optimal clinical practice. Limited hands-on training and inconsistent institutional reinforcement may contribute to this discrepancy.In conclusion, while dental students exhibit encouraging levels of knowledge and attitude toward radiographic waste management, there is a clear need for strengthened practical training, early curricular integration, and continuous institutional monitoring. Addressing these gaps is essential to promote safe, ethical, and environmentally responsible dental practice and to ensure effective management of radiographic waste within dental institutions.
RECOMMENDATIONS
Based on the findings of the present study, the following recommendations are proposed to strengthen dental radiographic waste management practices among dental students:
1. Integration of Practical Training into Curriculum
Dental curricula should incorporate mandatory hands-on training modules on radiographic waste management, emphasizing correct segregation, handling, storage, and disposal of radiographic waste materials such as lead foils and chemical solutions.
2. Regular Training and Continuing Education Programs
Periodic workshops, seminars, and continuing dental education (CDE) programs should be conducted to reinforce knowledge and update students on current guidelines, regulations, and best practices related to dental radiographic waste management.
3. Early Exposure to Waste Management Protocols
Instruction on biomedical and radiographic waste management should be introduced early in undergraduate training to ensure that students develop correct practices before extensive clinical exposure.
4. Strengthening Institutional Policies and Monitoring
Dental institutions should establish and strictly enforce standard operating procedures (SOPs) for radiographic waste disposal, supported by routine audits and supervision to ensure consistent compliance.
5. Visible Display of Guidelines and SOPs
Clear instructional charts and waste segregation guidelines should be prominently displayed in radiology rooms and clinical areas to serve as constant reminders of correct disposal practices.
LIMITATIONS
The cross-sectional design limits causal inference. Responses were self-reported and may be subject to reporting bias. As the study was conducted in a single institution, generalizability may be limited.
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