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ABSTRACT

Background: Dental radiography is an essential diagnostic tool, but improper radiation use poses
significant risks to both patients and clinicians. In Pakistan, limited awareness and inconsistent

adherence to radiation protection guidelines among dental students highlight the need for systematic
evaluation. Radiation protection training is critical to ensure safe radiographic practice and
compliance with global standards. Objective: This study aimed to assess the level of radiation
protection awareness and adherence to safety protocols among undergraduate dental students in
Pakistan, bridging the gap between theoretical knowledge and clinical practice. Methods: A cross-
sectional, questionnaire-based survey was conducted among 110 BDS students from multiple dental
institutions in Lahore. The validated questionnaire evaluated knowledge of radiation hazards,
understanding of deterministic and stochastic effects, and compliance with protection measures such
as ALARA, use of lead aprons, and operator positioning. Data were analyzed using SPSS v25,
applying descriptive statistics and chi-square tests to examine associations across academic years.
Results: Among participants, 91% recognized radiation hazards, yet only 52.6% demonstrated
adequate compliance with safety practices. Knowledge improved significantly across academic
years (p<0.05), with fourth-year students achieving the highest mean score (5.33+2.12). However,
familiarity with international safety guidelines remained limited (33.6%). Conclusion: Although
awareness of radiation hazards among Pakistani dental undergraduates is moderate to high, practical
adherence to safety protocols remains insufficient. Integrating structured, hands-on radiation safety
modules within dental curricula is essential to strengthen protection competency and safeguard
public health.
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INTRODUCTION

Dental radiography is an indispensable diagnostic tool in modern dentistry, enabling the early detection and management of oral and maxillofacial
conditions that are not visible on clinical examination. Modalities such as intraoral periapical, panoramic, and cone-beam computed tomography
(CBCT) imaging allow clinicians to evaluate dental caries, periapical pathology, and alveolar bone loss with high precision. However, these
procedures involve ionizing radiation, which, if inadequately controlled, poses potential biological risks to both patients and operators.
Consequently, radiation protection awareness and strict adherence to safety standards are vital components of dental education and clinical practice.
The International Commission on Radiological Protection (ICRP) and the National Council on Radiation Protection and Measurements (NCRP)
have established global principles for radiation safety, notably the ALARA (“As Low As Reasonably Achievable”) and ALADA (“As Low As
Diagnostically Acceptable”) frameworks. These emphasize patient and operator protection through appropriate beam collimation, use of lead
aprons and thyroid collars, optimal exposure settings, and maintaining an adequate operator distance and angulation. In countries with well-
regulated educational systems, such safety measures are systematically integrated into undergraduate dental curricula and reinforced through
competency-based clinical training.

In Pakistan, however, standardized education and consistent implementation of radiation protection protocols remain limited. Although most dental
programs include theoretical instruction on radiation physics, the practical application of this knowledge is often insufficient. Previous studies
among dental practitioners and students have revealed substantial variability in awareness and compliance with radiation safety protocols. The
oversight provided by national regulatory bodies such as the Pakistan Nuclear Regulatory Authority (PNRA) and the Pakistan Medical and Dental
Council (PMDC, now Pakistan Medical Commission, PMC) has yet to ensure uniform adherence to these standards across dental institutions.
Similar trends have been observed internationally. Research from Jordan, Saudi Arabia, Poland, and Egypt has reported moderate awareness levels
but limited compliance among dental students and new graduates. These findings highlight a global gap between theoretical understanding and
clinical implementation of radiation safety principles. Given this context, it is crucial to assess the current status of radiation protection awareness
among undergraduate dental students in Pakistan. This study aims to evaluate their knowledge of radiation hazards, understanding of deterministic
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and stochastic effects, familiarity with international safety guidelines, and compliance with recommended protection measures. Identifying gaps
across different academic years will help inform curriculum reform and promote a culture of safe radiographic practice among future dental
professionals.

MATERIAL AND METHODS

This study employed a cross-sectional descriptive design to evaluate the level of radiation protection awareness among undergraduate dental
students in Lahore, Pakistan. The rationale for this design was to capture a snapshot of existing knowledge, attitudes, and practices across multiple
academic years, enabling assessment of the progression of awareness with increasing educational exposure. The research was carried out between
March and April 2024 across selected private and public dental institutions offering the Bachelor of Dental Surgery (BDS) program. The study
setting included classrooms and clinical training facilities where students were routinely engaged in radiographic learning and patient-care
activities, ensuring relevance to the study objectives.

The target population comprised BDS students enrolled in the second, third, and fourth academic years. A total of 110 students were recruited
through a convenience sampling approach, which allowed inclusion of participants from different institutional and curricular backgrounds.
Eligibility criteria required participants to be currently enrolled in the BDS program, willing to participate voluntarily, and able to provide written
informed consent. House officers, postgraduate students, and practicing dentists were excluded to ensure homogeneity of academic exposure.
Students who had previously completed a similar survey or returned incomplete questionnaires were also excluded to avoid response duplication
and data loss. Participation was entirely voluntary, and no incentives were provided. Recruitment was facilitated through departmental
announcements, and students were briefed about the study objectives before completing the survey.

Data were collected using a structured, self-administered questionnaire adapted from previously validated instruments assessing radiation safety
awareness among dental undergraduates (32). The instrument included 17 close-ended items divided into three conceptual domains: knowledge of
radiation hazards, awareness of radiation protection principles, and self-reported attitudes and intended clinical practices. Variables were
operationally defined prior to analysis. “Knowledge” referred to accurate identification of radiation properties, risks, and biological effects;
“awareness” denoted familiarity with protective principles such as ALARA and equipment shielding; and “practice intention” reflected the self-
reported likelihood of following radiation protection protocols in future clinical work. Each correct or positive response was assigned one point,
and total scores were summed to create a composite awareness index. The cumulative scores were categorized into three levels, Low, Moderate,
and High, using tertile distribution. The questionnaire was pilot-tested on ten students to evaluate clarity and reliability, achieving a Cronbach’s a
of 0.81, confirming good internal consistency (32).

To minimize potential bias, data collection was conducted anonymously without recording personal identifiers, thereby reducing social desirability
effects. The standardized instrument ensured measurement consistency across respondents. Additionally, data entry was double-checked for
accuracy by two independent reviewers to enhance data integrity and reproducibility. Although the sample size was determined pragmatically, a
total of 110 participants was considered adequate to provide sufficient power for detecting intergroup differences at a 95% confidence level.

Data management and analysis followed a prespecified statistical plan. Completed questionnaires were coded numerically and entered into IBM
SPSS Statistics Version 25.0 (IBM Corp., Armonk, NY). Descriptive statistics, including frequencies, percentages, means, and standard deviations,
were computed for demographic and awareness variables. Associations between categorical variables such as academic year and awareness
indicators were analyzed using chi-square tests, while one-way ANOVA was employed to examine mean differences in total knowledge scores
among the three academic years. Post hoc Tukey tests were applied to identify pairwise differences between groups when significant variance was
observed. A p-value of less than 0.05 was considered statistically significant. Missing responses were rare (<2%) and were handled through listwise
deletion to preserve internal validity. Potential confounding due to differences in prior coursework exposure was explored by stratifying results
based on whether students had studied oral radiology. All procedures were conducted in compliance with ethical research standards. Ethical
approval was obtained from the Institutional Ethical Review Committee of the University of Management and Technology, Lahore (Ref No:
UMT/IRB-DENT/2024-021). Written informed consent was obtained from all participants after full disclosure of study aims and procedures.
Anonymity and confidentiality were ensured by excluding any identifying information and storing data on password-protected computers
accessible only to the research team. Participants were informed of their right to withdraw at any stage without penalty. By employing rigorous
data handling, standardized measurement, and transparent reporting, this methodology ensures reproducibility and provides a robust framework
for assessing radiation protection awareness among future dental professionals in Pakistan.

RESULTS

A total of 110 undergraduate dental students participated in the study, of which 69 (62.7%) were females and 41 (37.3%) males. Participants were
distributed across the second (26.4%), third (18.2%), and fourth (55.5%) academic years. Most respondents (69.1%) had not yet completed a
formal oral radiology course. Descriptive and inferential analyses demonstrated a progressive increase in radiation protection knowledge with
academic advancement.

Table 1. Demographic and Educational Characteristics of Participants (n = 110)

Variable Category n (%) Mean + SD (if applicable)
Gender Male 41 (37.3)
Female 69 (62.7)
Academic Year 2nd Year 29 (26.4)
3rd Year 20 (18.2)
4th Year 61 (55.5)
Completed Oral Radiology Course Yes 34 (30.9)
No 76 (69.1)
Overall, Knowledge Score N N 4.67+2.25

The mean knowledge score rose from 3.38 + 2.09 in second-year students to 5.33 + 2.12 in fourth-year students. A one-way ANOVA confirmed a
statistically significant difference across academic years (F(2,107) = 4.12, p = 0.02, n* = 0.07), indicating that academic progression contributed
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moderately to improved awareness. Across all items, awareness of radiation hazards was moderate to high. Table 2 summarizes knowledge- and
awareness-related responses, with y>-tests for association between academic year and awareness levels.

Table 2. Awareness of Radiation Hazards and Safety Principles by Academic Year

Item / Question Correct or Informed 2ndYear(n= 3rdYear(n= 4thYear(n= y»*(df = p-value
Response (%) 29) 20) 61) 2)
Dental X-rays are harmful 61.8 55.2 60.0 65.6 1.79 0.41
X-rays cause ionization 56.4 44.8 55.0 62.3 6.91 0.03*
Aware of deterministic / stochastic effects 41.8 24.1 30.0 52.5 9.69 0.007**
Familiar with ALARA principle 51.8 31.0 45.0 62.3 5.62 0.06
Familiar with NCRP / ICRP recommendations 33.6 17.2 25.0 42.6 4.93 0.07
Aware of usefulness of collimators / filters 42.7 27.6 40.0 50.8 1.54 0.46
Digital radiography requires less exposure 57.3 44.8 55.0 63.9 4.88 0.08
Operator should stand > 6 ft at 90—135° 59.0 345 55.0 70.5 6.19 0.045*
Personal dosimetry badge required 69.1 55.2 65.0 77.0 2.62 0.27
Dental radiographs absolutely contraindicated 40.9 (correct) 31.0 35.0 46.0 2.77 0.25
in pregnancy
Use of lead apron during exposure (always/often)  59.1 44.8 55.0 67.2 5.03 0.08

p <0.05 significant ** p < 0.01 highly significant T Correct response = “No,” since dental radiographs are not absolutely contraindicated when
justified and shielded.
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Figure 1 Integrated Progression of Radiation Protection Competence Across Academic Years

A strong majority (88 students, 80%) affirmed they would adhere to radiation protection protocols in their future clinical practice.
This intention showed a positive, though nonsignificant, association with academic year (x?(2) = 3.54, p = 0.17). Figure 1 showed
integrated progression of radiation protection competence across academic years.

Table 3. Common Barriers to Lead Apron Use (Respondents Who Rarely or Never Used, n = 54)

Reason n (%) 95% CI Odds Ratio (Ref = Availability)
Lack of availability 18 (33.3) 21.5-47.5 1.00

Apron too heavy / uncomfortable 17 (31.5) 20.0-45.5 0.94 (0.41-2.14)

Common apron used by all 11 (20.4) 11.0-33.2 0.55(0.21-1.42)

Follow position rule only 4(7.4) 2.1-17.6 0.29 (0.07-1.13)

Follow distance rule only 4(7.4) 2.1-17.6 0.29 (0.07-1.13)

Table 4. Mean Knowledge Scores Across Academic Years

Academic Year Mean = SD 95% CI ANOVAF p Effect Size (n?)
2nd Year (n = 29) 3.38+2.09 2.56-4.20

3rd Year (n = 20) 4.55+2.14 3.54-5.56 4.12 0.02* 0.07

4th Year (n = 61) 533+2.12 4.80-5.86

Total (n = 110) 4.67+2.25 4.24-5.10

Table 5. Categorization of Awareness Levels by Academic Year

Awareness Category 2nd Year n (%) 3rd Year n (%) 4th Year n (%) Total n (%) ¥ (df=4) P
Low (Score <3) 12 (41.4) 6 (30.0) 20 (32.8) 38 (34.5) 4.72 0.32
Moderate (4-5) 11 (37.9) 9 (45.0) 25 (41.0) 45 (40.9)

High (> 6) 6 (20.7) 5(25.0) 16 (26.2) 27 (24.5)

The left axis shows a Protection Compliance Index (PCI), the mean proportion of correct responses across eight item-level safety indicators with
known correct answers (ionization, deterministic/stochastic effects, ALARA, collimators/filters, digital dose reduction, pregnancy not absolutely
contraindicated, no patient film-holding, no operator film-holding), plotted with a 95% confidence band derived from variability across items. The
PCl rises from 37.9% (2nd year) to 47.4% (3rd year) and 52.6% (4th year). The right axis overlays mean knowledge scores (+95% CI), increasing
from 3.38 (95% CI 2.60-4.16) to 4.55 (3.59-5.51) and 5.33 (4.80-5.86). The concurrent upward trajectories indicate that curricular progression is
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associated not only with higher test performance but also with a broader consolidation of clinically protective behaviors; however, the PCI’s modest
absolute levels, remaining near 50% in the final year, highlight actionable gaps in applied safety (notably pregnancy imaging decisions, ALARA
familiarity, and avoidance of hand-held films) that warrant targeted, practice-oriented instruction.

DISCUSSION

The findings of this study demonstrate that awareness and adherence to radiation protection measures among undergraduate dental students in
Pakistan are moderate and improve progressively with academic advancement. The mean knowledge score increased from 3.38 in second-year
students to 5.33 in final-year students, indicating a positive educational trajectory. However, despite this upward trend, the overall Protection
Compliance Index remained near 50%, reflecting persistent deficiencies in practical implementation of safety principles. This pattern parallels
global trends observed in other low- and middle-income countries, where theoretical exposure to radiation safety is often decoupled from
experiential learning and institutional reinforcement (24).

Previous studies have reported comparable results. Ageeli et al. found a steady rise in radiation protection awareness with increasing academic
years among Saudi dental students, attributing this improvement to progressive curricular exposure (25). Similarly, Gameraddin et al. noted that
knowledge scores among undergraduate dentistry students rose from 52% to 90% across years of study, underscoring the cumulative impact of
education on conceptual understanding (26). In contrast, Yiiriik (27) and Basha et al. (28) identified persistent misconceptions regarding
deterministic and stochastic effects, even among senior students, suggesting that mere curricular inclusion of radiological topics does not guarantee
retention or clinical translation. The present findings mirror these inconsistencies, where over half of the participants demonstrated correct
theoretical awareness of ionization and ALARA principles, yet fewer than two-thirds practiced consistent use of lead aprons or adhered to correct
operator positioning. From a theoretical standpoint, the observed knowledge-practice gap can be attributed to the limited integration of cognitive
learning with procedural simulation and reinforcement. The ALARA framework emphasizes behavioral compliance grounded in both hazard
perception and habitual adherence to protective strategies. Without supervised reinforcement, knowledge often remains declarative rather than
procedural, a phenomenon well documented in health behavior theory. The lack of familiarity with NCRP and ICRP recommendations among two-
thirds of participants suggests an insufficient exposure to international regulatory perspectives, which are crucial for fostering a sense of
professional accountability. Clinically, this gap may manifest as suboptimal patient and operator safety, particularly in high-frequency diagnostic
environments such as dental radiography, where repeated exposures compound cumulative dose risk.

The present study’s finding that 48% of respondents considered dental radiography absolutely contraindicated during pregnancy further
underscores the persistence of misinformation. Evidence-based guidelines clarify that dental radiographs, when justified and performed with lead
shielding and thyroid protection, pose negligible fetal risk (29). This misconception may lead to unnecessary diagnostic deferrals, resulting in
missed early pathology detection. Furthermore, limited use of dosimetry badges (69.1%) and incomplete understanding of operator distance-angle
principles (only 59% correct) reflect both infrastructural and educational gaps that demand targeted institutional policies.

Compared with international research, these results highlight both commonalities and areas of divergence. While Polish and Jordanian studies also
reported moderate awareness among dental students (30,31), the proportion of Pakistani students lacking radiological course exposure (69%) is
disproportionately high, suggesting systemic curricular inconsistency. Conversely, the relatively high overall awareness of radiation hazards
(61.8%) and digital dose reduction (57.3%) represent encouraging trends, likely influenced by increased access to digital imaging technologies
and online educational resources. This gradual shift indicates early progress toward technology-informed learning despite structural limitations.
The clinical relevance of these findings extends beyond academic environments. Inadequate adherence to radiation safety protocols can lead to
deterministic outcomes such as erythema or cataractogenesis with repeated occupational exposure and stochastic risks such as carcinogenesis in
the long term (32). For patients, inconsistent use of protective barriers and inappropriate exposure settings compromise both diagnostic quality
and biological safety. The study’s integrated Protection Compliance Index, combining item-level behavioral adherence indicators, provides a novel
metric that captures both knowledge and practice dimensions, a strength that enhances interpretability and guides intervention design.
Nevertheless, the study acknowledges certain limitations. The sample size of 110 participants, while adequate for preliminary inference, restricts
generalizability across all Pakistani dental institutions. The cross-sectional design limits causal interpretation, as improved scores with academic
year may partly reflect cohort differences rather than true progression. Additionally, the use of self-reported questionnaires, though standardized
and reliable (Cronbach’s o = 0.81), may have introduced response bias. The convenience sampling method also limits representativeness. Despite
these constraints, the study provides valuable baseline data and methodological rigor, incorporating validated domains and inferential analyses
consistent with prior international surveys.

Future research should expand to multi-institutional, longitudinal designs integrating objective assessment tools such as observational audits,
simulation-based competency testing, and dosimetry tracking. Investigating faculty training, curriculum structure, and institutional infrastructure
may further elucidate contextual barriers to compliance. Incorporating mandatory radiation safety workshops, clinical audits, and certification
modules could bridge the knowledge-practice divide. Furthermore, aligning national curricular frameworks with ICRP and PNRA
recommendations would standardize competencies and enhance patient safety culture within dental education.

In summary, while awareness of radiation protection among Pakistan’s dental undergraduates shows a favorable trajectory, practical compliance
remains suboptimal. This imbalance underscores the need for structured experiential learning, curriculum realignment, and sustained institutional
commitment to radiation safety. By integrating theoretical instruction with procedural reinforcement and international standards, dental education
in Pakistan can evolve toward safer, evidence-based radiological practice that safeguards both patient and practitioner health.

CONCLUSION

This study bridges the knowledge gap in radiation protection awareness among Pakistan’s future dentists, revealing that while theoretical
understanding of radiation hazards improves progressively with academic advancement, practical compliance with safety protocols remains
insufficient. The findings underscore that despite moderate-to-high awareness levels, key deficiencies persist in applying principles such as
ALARA adherence, correct operator positioning, and the routine use of lead aprons and dosimetry badges. These gaps hold direct implications for
human healthcare, as inadequate radiological safety practices heighten both patient and operator exposure risks. Strengthening dental curricula
through structured, hands-on training, regular safety audits, and integration of international radiological protection standards can cultivate a
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generation of clinicians proficient not only in diagnostic imaging but also in minimizing preventable radiation-related harm. Future research should
extend these findings through longitudinal, multi-institutional evaluations to assess the effectiveness of targeted educational interventions in
fostering sustained behavioral compliance and advancing the culture of radiological safety in clinical dentistry.
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