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Abstract 

This work aims to promote greater safety in the use of X-rays in our hospitals. The effects of radiation has continued to arouse keen interest mixed with concern. Due to their ionizing power, these radiations lead to cascades of reactions in the body causing genetic mutations, cancer phenomena and even cell death, among others. We thus distinguish between threshold effects (deterministic) and random effects (stochastic). This is a mixed cross-sectional study combining two quantitative and qualitative approaches. This study was carried out in the Dakar region over a period of two (02) months from July 15, 2022 to September 15, 2022. By analyzing the results we note that standard radiography and computed tomography are the two most frequently performed radiological examinations in all the services studied with respectively 60.9 o/o and 30.4 o/o of the radiological examinations carried out daily. It is appeared that radiation protection in radiology departments has limits. It is therefore urgent to overcome them and to encourage the development of radiation protection in parallel with the evolution of the technical platform. Compliance with the rules and regulations constitutes a requirement for the protection of people exposed to ionizing radiation.
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1. Introduction 
Since the discovery of X-rays by Wilhelm Konrad Röntgen in 1895, the effects of radiation has continued to arouse keen interest mixed with concern. Due to their ionizing power, these radiations lead to cascades of reactions in the body causing genetic mutations, cancer phenomena and even cell death, among others. We thus distinguish between threshold effects (deterministic) and random effects (stochastic). However, there is a striking contrast between the pathological effects of this ionizing radiation and their numerous applications in radiology (radiodiagnostics), nuclear medicine and radiotherapy. This is why, in a desire for optimal and secure exploitation of this ionizing radiation, Senegal has a regulatory framework which is an essential safety policy tool for radiation protection. Knowing that the risks of exposure to ionizing radiation arise essentially from non-compliance with radioprotection measures by users, we initiated the present study to evaluate the level of application of radioprotection rules and measures in the radiology departments of public health establishments in Dakar. This work aims to promote greater safety in the use of X-rays in our hospitals.
2. Materials and methods 
This is a mixed cross-sectional study combining two quantitative and qualitative approaches. This study was carried out in the Dakar region over a period of two (02) months from July 15, 2022 to September 15, 2022. It concerned the Radiology departments of the eight (8) largest Public Health Establishments (MAIN Hospital of Dakar, ARISTIDE LE-DANTEC Hospital, FANN University Hospital Center, ABASS NDAO Hospital Center, PIKINE National Hospital Center, DALAL DIAM Hospital, Idrissa POUYE General Hospital, OUAKAM Military Hospital). The study focused on the rules and measures of radiation protection in radiology departments based on data collected from department majors due to their dual technical and administrative roles. 
· Data collection
 Data collection was carried out through a questionnaire, inspired by the regulatory framework for radiation protection in force in Senegal, in relation to current technical means of radiation protection. The different items focused on: identification of radiation sources, human resources management, technical and material aspects, patient reception and data verification, decision-making and quality control of equipment. 
· Data analysis 
Data processing from the questionnaire was carried out using the Epi-info version 3.5.3 software. 
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3. Results 

· Identification of Radiation Sources and Use 
All the 08 radiology departments that we studied only had X-ray sources for diagnostic radiology or interventional radiology purposes. 
· Main imaging examinations and overall distribution of radiological examinations 
Seven hundred and forty-nine (749) radiological examinations were carried out per working day in the 08 establishments studied. Standard radiography was by far the most common type of examination performed, accounting for 60.9 o/o of radiological examinations, followed by computed tomography (CT) with 30.4 o/o; finally mammography, panoramic dental radiography and special examinations respectively concerned 3.2 o/o, 1.3 o/o, 4.1 o/o of daily radiology examinations. Thus, 456 standard radiographs were carried out daily in the 8 establishments studied. The following proportions were found: 20% at HOGIP, 17% at the Main hospital and 15% at the Pikine hospital center. Likewise, 228 tomographic examinations (CT) were carried out daily in the eight establishments studied. The one at the main hospital was by far the one that performed the most, concentrating 31% of the scans performed per working day.



       -   Administrative measures for the organization of work 
- The provision of Competent Person in Radiation Protection (PCR): It was found in 02 departments out of eight 08, or 25% of radiology departments. - Updating knowledge in radiation protection for their staff: This was observed in 1 out of 8 departments, or 12.5% ​​of radiology departments. 
- Staff categorization: It was observed in 02 out of 08 departments, or 25% of radiology departments. - Staff leave: This measure was adopted in 7 out of 8 services, or 87.5% of the services studied. 
- Existence of protocols for managing inappropriate irradiation: This concept was found in 1 out of eight departments, or 12.5 o/o of the radiology departments studied.   
   -    Technical means of protecting workers against radiation 
- Wearing a dosimeter was adopted and applied in 4 out of 8 departments, or 50% of the radiology departments studied. 
- Radiation protection glasses or visors in 5 out of 8 services, or 62.5% of the services studied.
 - Protective screens and radiation protection aprons existed in the 8 radiology departments studied, i.e. (100%). 
- The delimitation and zoning of spaces were adopted and applied in 4 out of 8 departments, or 50% of the radiology departments studied. 
- In controls, the search for radiation leaks was adopted and applied in 3 out of 8 services, or 37.5% of the services studied.
· Radiation protection measures for patients 
• Reception of patients: In all the radiology departments studied, reception of patients and verification of examination slips was ensured by secretarial staff. However, in 12.5% ​​of services, i.e. one service out of the eight studied, reception is provided jointly by secretarial staff and radiology technicians. 
• Decision-making: Decision-making regarding authorization to perform the examination was ensured in 50 o/o of the services studied by the radiologist, in 25 o/o of the services by the manipulating technicians and in 25 o /o services remaining randomly between the radiographers and the radiologist.
Equipment quality control 
Equipment quality control was carried out in all the radiology departments studied. Either by external maintenance for 50 o/o of the services studied, internal maintenance for 12.5 o/o of the services and jointly by internal and external maintenance for 37.5 o/o of the services. 
4. Discussion 
· Identification of radiation sources 
By analyzing the results we note that standard radiography and computed tomography are the two most frequently performed radiological examinations in all the services studied with respectively 60.9 o/o and 30.4 o/o of the radiological examinations carried out daily, this only reinforces the findings of the B. NDONG et al study [1]. It is at HOGIP where the largest number of standard radiographs is carried out, reaching 20 o/o of the daily standard radiography examinations in Dakar. The volume of activity in traumatology would be an explanation, especially since this structure has long been the reference center for traumatology in Senegal. CT scans are more frequent at the Dakar Main Hospital. They constitute the most irradiating source of radiation in radiology. Hence the interest in emphasizing compliance with radiation protection measures in such a center and strengthening the knowledge of TDM prescribers, especially since the Badiane et al study revealed the ignorance of these Senegalese prescribers. the level of exposure of patients as well as the risks [2].
· Administrative measures for the organization of work 
When reading our results, it appears that there is an absence of a Competent Person in Radiation Protection in most of the services studied, i.e. in 75 o/o. This only reinforces a trend identified by other studies in sub-Saharan Africa. The studies of T.L. TAPSOBA et al showed an absence of PCR in 95 o/o of the radiology departments of Ouagadougou [3] in the same vein as the work of ABDILLAHI BILAL et al. in Cotonou [4]. This contrasts with North Africa where studies carried out by Khaled et al found a good presence of PCR in 50% of imaging centers [5]. The observed shortage of Competent Person in Radiation Protection (PCR) who can guide and supervise the teams in the departments may be at the origin of the shortcomings observed in respecting the rules and measures of radiation protection in the radiology departments. We can cite, among other things, the absence of updating of radiation protection knowledge among practitioners, the absence of categorization of personnel, the absence of radiation management protocols. PCR plays a major role in protecting staff and patients. He is responsible for risk assessment, proposes a work organization (job analysis, zoning), carries out quality checks on the devices, participates in optimization, carrying out irradiating procedures and examinations and takes care of the dosimetry. 
The Radiation Protection and Nuclear Safety Authority could therefore work to organize short training courses open to radiology department staff. This training should serve as a pretext to require radiology services to designate a person competent in radiation protection in accordance with Senegalese law [2]. Concerning leave, it is only granted in 62.5 o/o of the services. The B. NDONG et al study revealed that 79.77% of radiology department workers had never benefited from radiation leave [1]. These radiation holidays allow the reduction of exposure time to ionizing radiation. Its effectiveness requires the involvement of the administrative authorities of hospital structures, the Ministry of Health, the Ministry of Employment and Labor and the authorities of the medical imaging service. 

· Means of protection for workers against radiation 
[bookmark: _bookmark64]When reading the data, it appears that certain means of protection such as protective screens, leaded walls and radiation protection aprons were present in all the services studied. This result is not isolated. It is consistent with the work of TAPSOBA et al carried out in Burkina Faso [3]. Note the disparity in the availability of protest tools apart from screens and lead aprons. We can cite radiation protection glasses or visors, dosimeters, radiation leak detectors. This situation is almost constant in both sub-Saharan and North African Africa, as revealed by several studies. [2,5,6,7,8,9]. Note also a lack of culture of radiation protection, safety and control. This situation is not unique to Senegal, it is common to most countries in Sub-Saharan Africa [10].

· Radiation protection for patients 
An act of imaging examinations must be justified by an exchange between the applicant and the director. This justification must specify the reason and the purpose; special circumstances, particularly in the event of pregnancy, previous examinations and procedures. Optimization which consists of carrying out a radiological irradiating procedure for better diagnostic or therapeutic performance with the lowest possible dose. It applies to all patients and especially to children due to their greater radiosensitivity. The varied profile of the staff responsible for welcoming patients and verifying data on examination prescription slips in the departments studied does not contribute to good management of patient radiation protection. Especially since the majority have no training in radiation protection. 

· Decision-making 
Concerning decision-making, it is carried out by the radiologist in concert with the radiologist technician in most of the services studied. The radiologist in principle has better knowledge of the rules and measures of radiation protection [10]. This thus creates greater safety in carrying out the procedure while respecting the “ALARA” principle, allowing for optimization of patient protection. The reception of patients requiring radiological examinations as well as the decision-making authorizing the examinations are not standardized and thus expose them to risks. 

· Quality control of equipment 
Quality control of radiology equipment is essential. It allows the calibration of equipment and the search for radiation leaks to strengthen the protection of health workers. This control is carried out in all the services studied but the frequency, the control body and the existence of a report vary depending on the service studied. Although quality control of equipment is regular in radiology departments, there is no national protocol for managing these controls. The national radiation protection authority should take steps to harmonize the control protocols for radiology department equipment for optimal monitoring of radiation protection measures.

5. Conclusion 
The development and modernization of the imaging technical platforms of the main Senegalese hospitals leads to an increase in the use of diagnostic and interventional radiology. This situation requires more stringent requirements for compliance with radiation protection rules and measures for healthcare personnel and patients. At the end of this work it appears that radiation protection in radiology departments has limits. It is therefore urgent to overcome them and to encourage the development of radiation protection in parallel with the evolution of the technical platform. Compliance with the rules and regulations constitutes a requirement for the protection of people exposed to ionizing radiation.





References 

 1. Ndong B., Diouf E. H. F., Ka O., Diop O., Bathily E. H. A. L., Djigo M. S., Mbodj M. Current state of radiation protection in level III hospitals in Senegal. Nuclear Medicine, 2020, vol. 44, no. 2, p. 131. 
2. Badiane S. M., Sane P. I., Ndiaye C. N., Gueye K., Ndoye O., Kuassi M. A. G., Mbodji M. Evaluation of the Knowledge of CT Scan Prescribers on Patients’ Radioprotection in Senegal. Open Journal of Biophysics, 2019, vol. 9, no. 03, p. 204. 
3. Tapsoba T. L., Ouattara T. F., Belemlilga H. G. L., Sanon H., Bamouni Y. A., Ouédraogo V., Cissé R. Application of the rules of protection against X-rays in the radiology services of ouaguadouguou.2010, vol. 34, no. 01, p. 9-12 
4. Abdillahi-bilal R., Dossou J., Biaou O., Sentos N. Problem of individual passive dosimetry in the radiology department: case of CHNU-HKM of Cotonou 2011, p. 77. 
5. Khaled A., Ghomari O. and Kandouci A. B. Radiation protection in healthcare establishments using X-rays: evaluation and findings in the town of Sidi Bel-Abbès. Sidi Bel-Abbès, Algeria. 2010, pp. 15-48. 
6. Kouassi Y.M., Wognin, S.B., Tchicaya, A.F., Alla, D. and Bonny, J.S. Study of compliance with radiation protection rules in a hospital environment in Abidjan. Archives of Occupational Diseases and the Environment, 2005, 66, p 369-374. 
7. Jaouad, S. Study of compliance with the rules of radiation protection in conventional radiology in SEGMA hospitals in the Marrakech Tensift al Haouz Region. 2013, pp. 1-35. 
8. Ongolo-Zogo P., MOKUBANGELE C. Mpeke-Moifo B. Evaluation of patient dose in pediatric CT in two university hospitals in Yaoundé Cameroon. Radiation protection, 2012, vol. 47, no. 4, p. 533-542. 
9. Mbaye G., Ndong B., Kane A.F.I. Status report on radiation protection in Dakar: preliminary study in 15 health structures. 2013. Doctoral thesis. Cheikh Anta DIOP University. No. 91 
10. Sène A. B. Perception of health workers in radiology departments on radiation protection measures and rules in radiology: case of the Kaolack health district. 2022. Doctor of Medicine thesis. Cheikh Anta DIOP University of Dakar. No. 52.







7

[bookmark: _Hlk121778970]
