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Assessment of Radiation Safety Incident Risk Factors in Radiation Oncology
Department Using the P-mSHEL Factor Analysis Model

Young-Lock Kim-Dae-Gun Kim-Jae-Hong Jung

Department of Radiation Oncology, Soonchunhyang University Bucheon Hospital

Abstract Radiation oncology departments are at high risk for potential radiation safety incidents. This study aimed to
identify risk factors for these incidents using the P-mSHEL (Patient, Management, Software, Hardware, Environment, and
Liveware) model and to evaluate potential accident types through Failure Mode and Effects Analysis (FMEA). FMEA identi-
fied seven accident types with high Risk Priority Number (RPN), A total of 56 detailed risk factors were classified using
the P-mSHEL model, and measures to prevent radiation safety incidents were implemented. The effect of these preventive
measures on workers' safety perception was confirmed through two indicators (FMEA and safety perception). After im-
plementing the preventive measures, the FMEA analysis showed that the highest reduction in RPN was for A-6 (radiation
exposure while other patients/guardians are present) with a reduction rate of 33.3%, followed by B-3 (radiation exposure
while staff are present) with a reduction rate of 33.3%. Overall safety perception significantly improved after the pre-
ventive measures (4.1740.35) compared to before (2.7610.33) (p€0.05), with notable increases in both employee safety
culture (3.9310.51) and patient safety culture (3.7320.62) (p€0.05). This study identified risk factors in radiation oncology
departments, Continuous management, maintenance, and fostering a strong safety culture are crucial for preventing incidents,
Regular problem identification and collaboration with relevant departments are essential for maintaining safety standards,
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Table 1, Survey questions on radiation safety awareness for employees

Category Question

I tend to have a lot of knowledge about safety
I have a high awareness of safety
Safety basics I have a high level of interest in safety
I believe it is important to follow safety procedures
I believe that safety accidents can be prevented

I am willing to actively participate in safety training programs
I believe that safety education activities help increase safety awareness
Safety education I know that safety training is important
I know how to resolve and respond when a safety accident occurs
I plan to practice safety accident prevention activities through safety education

Managers in hospitals tend to be concerned about the safety of their employees

The hospital provides their employees with a lot of information about safety issues

Employee safety . . L .
I The hospital helps to improve employee safety during in-house operations

culture

Employees can easily access information about the hospital

Employees can provide suggestions for safety improvements

Hospital administrators tend to be concerned about patient safety

Patient safet The hospital provides patients with a lot of information about safety issues
atient safe
y The hospital helps to improve patient safety

culture
Patients can easily access information about the hospital
Patients can provide suggestions for safety improvements
I strictly adhere to safety procedures despite time pressure
I actively participate in the hospital safety program
Safety behavior I will follow the safety instructions in case of an accident if I receive safety training

[ assist in ensuring safety during patients' risky behaviors
I tend to make extra efforts personally for safety
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Table 2, Accident types requiring preventive action were analyzed using FMEA
Recognition . RPN Rate
Area 9 Safety incident type o
number Before  After (%)
A-3 Radiation treatment with incorrect patient information 168 126 -25.0
Radiati
aciation A6 Exposure radiation of other Patient/Guardian in the radiation therapy Room 240 160 -33.3
therapy room
A7 Exposure radiation of facility staff n in the radiation therapy Room 210 180 -14.3
CT simulation B-3 Exposure radiation of employee n in the CT simulation room 210 140 -33.3
room B-4 Exposure radiation of employee During the CT simulation equipment check 252 180 -28.6
Treatment/ C-1 Patient identification error 175 180 +2.9
waiting room C-2 Visitor entering radiation management area 135 120 -11.1
Table 3, Improving risk factors and prevention measures utilizing P-mSHEL factor analysis
[term Category Risk factor Improvement
- 1. Old age, poor condition 1. Entry possible with a staff member
At .
diti 2. Fall caution 2, Guardians and medical staff accompany radiation
condition
3. Restrictions on accompanying guardians oncology staff
1. N switch informati
Patient Patient ’ (,),emergen,cy Switeh tforma %On 1. Added entrance switch and emergency call bell
. 2. Difficult to find emergency switch ] ] . . .
Information o information to patient information brochure
3. No emergency call bell indication
Patient 1. Requires confirmation of accurate patient information 1, Check your medical card when visiting the hospital
identification 2. Reluctance to repeatedly confirm 2, Attach medical treatment card confirmation box
Saf 1. The need to regularly check blind spots 1. Dosimeter management record management
Safe
cidl tyt 2. Insufficient management of visitors 2. Reinforcement of record of temporary visitors
incidents . .
. 3. Lack of dosimeters for visitors 3. Strengthening management of temporary visitor records
managemen
8 4. The dosimeter storage box is weak 4. Purchase additional dosimeters
1. Appointment of radiation safety personnel for each
1. Radiation safety practitioners required department
management 2. Strengthening employee patient safety training 2, Production of patient safety management guidelines
ol 3. Insufficient training and management system for 3. Monthly patient safety education
mployee
I? .y regular visitors 4, Strengthening regular visitor management
training

4. Need to confirm radiation safety training

5. Need to check radiation safety procedures for new

employees

Strengthening radiation safety training for cleaning staff
Radiation control area cleaning scope setting

. Radiation-related work procedures when hiring new

employees
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Table 3, Improving risk factors

and prevention measures utilizing P-mSHEL factor analysis (Cont)

ltem Category Risk factor Improvement
1. The patient's body is visible
Possibility of ) p Y . Information on changing clothes and waiting outside
L 2, Patients want space to undress .
safety incident . . Prepare a gown to cover the patient's body
3. Increased number of patients treated
1. Lack of patient accompanying guidance manual . Remaining occupancy verification is specified in the
Safe patient 2. No educational materials for visitors visitor education guidelines
Software . o . . . ,
guidance 3. No guidelines for reducing length of stay . Reconfirmation of medical card and reservation
4. An accompanying staff member is required upon entry certificate
Radiati 1. Reconfirmation of radiation safety management . Creation of training guidelines for visitors
adiation
Safety M | regulations 2, Production of guidance materials for visitors
Safe anua
& . The need for qualitative assessment of radiation safety 3. Regular quality improvement activity plan
1st room
o 1. Old CCTV . New CCTV added: 2 units
monitoring - L - :
) > 2. CCTV angle restriction and quantity insufficient Replacement of old CCTV: 1 unit
system
2nd room .
o 1. Internal machine room )
monitoring o . New CCTV added: 1 unit
Hardware 2. Maze-type shielding wall
system
1. No emergency call bell at the entrance
Emergency 2. Blind spots caused by equipment and curtains . Installation of patient emergency call bell
system 3. Absence of door interlock system in CT simulation 2. External receiver installation
room
1. Low light level
& . . Eliminate blind spots
2. Temporary space for undressing . .
. N ST - Remove all partitions in the treatment room
Blind Spot 3. Partition inside the treatment room . .
. B Remove the top of a tall cabinet
4. Blind spots caused by partitions ) .
. ) Move the entrance curtain position
Environment 5. Privacy curtain at the entrance
) 1. Entrance switch sign attached
Emergency 1. machine sounds . . o
) o . 2. Emergency switch location information is attached.
support 2. Emergency switch is difficult to find . .
. . o 3. The switch user manual is attached
environment 3. Emergency switch location is far away )
4. Emergency bell sign attached
. Staff must accompany visitors
- Check remaining people
1. Staff must accompany and guide visitors - Continuous monitoring
2. Need to check the remaining number of . Monitoring system supplementation
Senior Staff personnel inside Dual Monitor Installation
3. Continuous monitoring is required - Remove monitoring obstacles
4, CCTV monitor is obscured (Desk cutting, bookshelf removal)
Change monitor location
Fixing the monitor extension stand
1. Support needed in the absence of monitoring .
. ’ 1. Work Type Rotation
. 2. Lots of side work . .
Liveware Junior staff 3 Work fat Change in rotation method
. Work fatigue ;
. gu' L - Attaching worker name tags
4, Requires redistribution of roles between workers
1. Support worker monitoring support 1. Work schedule sharing system
S i saff 2. Need to build a support system . Treatment room task assignment
upport sta
PP 3. Communication and handover required Adjust patient placement by equipment
4. Need to confirm division of work Job distribution or rotation
1. Equipment inspection without checking r
emaining personnel
. . 'g p o . Check the number of personnel remaining
CT-sim staff 2. Unconfirmed number of remaining employees . .
) . Staff training on entry precautions
when worker is absent
3. Unconfirmed radiation exposure prior to entry
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Table 4, Comparison of average safety awareness before and after preventive improvements

Prevention improverment

ltem z P
Before After
Safety basics 3.13 + 0.67 4.42 + 037 -3.266 (0.05
Safety education 3.38 £ 0.60 4,36 = 0.33 -3.016 (0.05
Employee safety culture 224 £ 0.57 3.93 £ 0.51 -3.552 (0.05
Patient safety culture 2,20 £ 0.47 3.73 £ 0.62 -3.277 (0.05
Safety behavior 2.87 £ 0.74 4,40 = 0.41 -3.424 (0.05
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