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Abstract

Background: Hospitals are considered one of the most important institutions providing health
services; given the presence of specific hazards, compliance with safety principles is of utmost
importance. This study aimed to identify and evaluate the risk of existing hazards using the En-
ergy Tracing and Barrier Analysis (ETBA) method in the imaging department. Materials and
Methods: The present study is an analytical study performed to assess the risk in the imaging
department of Amir al-Momenin Ali (AS) State Hospital in Gerash in 2024. In this study, poten-
tial risks were identified using the ETBA technique and qualitatively assessed via the risk ma-
trix (MIL-STD882E). Observation, interviews with department experts, review of documents,
work instructions, technical documents of devices, layout of devices, as well as documents of
the maintenance and repair unit of this department were used for data collection. Results: A
total of 433 risks were identified, 232 of which were human-related, 167 were equipment-related
and 34 were environmental-related. At the primary risk level, 13 were identified as unacceptable
risks (high level) requiring immediate intervention, 281 as undesirable risks (serious level), 79
as acceptable risks with revision (medium level), and 61 as acceptable risks (low level). At the
secondary risk level, once the controls were implemented, the results improved and the number
of undesirable risks dropped to 18, 274 as medium level, and 141 as low level, demonstrating
the effectiveness of the controls in mitigating risks. Conclusion: In this study, in addition to
obtaining the level of risks in the hospital imaging department, the level of possible risks in
each of those departments was also measured. Further, based on the existing assessment levels,
control measures and suggestions were presented. They included implementing measures such
as safety training, periodic inspection monitoring system, operator training, protection control,
cable inspection, installation of overload alarms, improving preventive maintenance, as well as
providing appropriate educational solutions to control the identified risks.
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Introduction

ccidents are undesired events that cause

damage to assets and the organization
as a whole. An accident highlights a flaw in
the system, after which the defect and ways
to establish an optimal situation should be
evaluated. Every organization needs an up-to-
date and suitable system which is a balanced
combination of management, engineering and
training methods to control risks as well as ac-
cidents [1-3]. Hospitals are one of the most
important institutions providing health and
medical services, and given the presence of
specific risks, compliance with safety princi-
ples is of great importance. Compliance with
safety principles and regulations is performed
to prevent or reduce accidents by eliminating
and controlling hazards [4].
Safety standards in hospitals can be examined
in several domains, including: 1- patient safe-
ty, 2- patient and staff safety, 3- equipment
safety, 4- physical resource and facility safety
[5].
The existence of various hazards in hospitals
has been repeatedly mentioned in numerous
studies. For instance, hazards include the
following: electric shock resulting from the
increased use of diagnostic and therapeutic
equipment such as electrocardiograms and
electrosuction devices, chemical hazards ob-
served after exposure to disinfectants, clean-
ing compounds, drugs, mercury and anesthet-
ic gases, fire and explosion resulting from
increased fire hazards with the development
of vertical buildings, as well as the use of
pressurized and heated devices, slips and falls
owing to unsafe surfaces, radiation exposure
following the use of radioactive and radioac-
tive materials for diagnostic and therapeutic
purposes, hospital waste produced by micro-
organisms, needle and sharps injuries along
with contamination by pathogens including
hepatitis B, C and human immunodeficiency
viruses, respiratory disorders and impaired
lung function due to exposure to chemicals
and bioaerosols, musculoskeletal disorders
as one of the most common causes of absen-
teeism and injury among HCWs, especially
women, as well as psychological hazards such
as job stress, shift work, and workplace vio-
lence [6, 7].

Hazard Identification in Energy Tracing and Barrier Analysis Method in the Imaging Department of Hospital

Based on results obtained globally, 2.9 million
deaths were attributed to work, of which 2.58
million were due to work-related diseases and
0.32 million were because of occupational
injuries. Work-related disability-adjusted life
years were estimated at 180 million in 2019,
which was linked to an economic loss of 5.8%
of global GDP [8]. In this regard, a major haz-
ard is radioactive materials and ionizing radi-
ation in hospital units used for diagnosis and
treatment of patients. It is located in the imag-
ing department, helping the patient recover by
providing imaging services. Indeed, it is re-
garded one of the diagnostic complexes where
a part of the fixed assets and human resources
of the hospital are concentrated [9, 10].

The ETBA method is based on the logic that
the damage caused by an accident occurs due
to the unwanted exchanges that take place
during the energy flow from the barrier to the
exposed targets. Tracing energy and barrier
performance is a qualitative analysis used to
establish more precise risks. In this method,
risks are discovered using the principle of
tracing the energy flow in systems or opera-
tions. This method is one of the most useful
and informative tools available to researchers
to evaluate the safety of systems. In this tech-
nique, the incident is defined as an unwanted
release of energy that occurs in response to
inadequate barriers [11, 12].

Thus, since Gerash Hospital has an imaging
department and such a study has not been
performed in this department so far, there has
been a need of addressing the safety of medi-
cal staff in this department. Accordingly, this
study was conducted for identifying hazards
and assessing risk using the ETBA method in
the imaging department of Amir al-Momenin
Ali (AS) Educational and Therapeutic Hospi-
tal in Gerash County, with the main focus on
evaluating safety risks in the department.

Materials and Methods

Study Design and Setting

The present study was a qualitative ana-
lytical study conducted to assess risk in the
imaging department of Amir al-Momenin
Ali (AS) State Hospital in Gerash County in
2024. The study was designed in seven stag-
es: (1) identifying the types of energies pres-
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ent in the system, (2) determining the source
of energy generation, (3) tracing energy flow
paths, (4) identifying and evaluating existing
protections and barriers, (5) identifying vul-
nerable targets, (6) calculating and classifying
existing risks, and (7) proposing risk control
measures. In the first step, significant exper-
tise was required to identify various energies,
leading to the formation of an Energy Trace
and Barrier Analysis (ETBA) team. The team
included the head of the imaging department,
a radiology expert, an operator, a medical
equipment manager, an occupational health
engineer, and a researcher.

Data were collected using an energy work-
sheet and checklist, where the influence of
each energy was evaluated separately on po-
tential targets (humans, equipment, and the en-
vironment). Primary and secondary risk levels
were assessed for each energy. Data collection
methods included observations, interviews
with department experts, and reviews of doc-
uments, work instructions, technical device
manuals, device layouts, and maintenance re-
cords. An energy identification checklist was
used to detect 15 distinct energies, and their
flow paths were mapped to identify potential
targets and assess their impact. Existing con-
trols—including physical, spatial, temporal,
and process controls—were identified, and
primary risk levels were calculated. If the pri-
mary risk exceeded the hospital’s acceptable
threshold, control barriers were proposed, and
secondary risk was calculated. Risks were
classified using the Risk Assessment Code
(RAC) based on the MIL-STD882E standard,
categorizing them as unacceptable (high), un-
desirable (serious), acceptable with revision
(average), or acceptable (low). The RAC was
determined by combining risk severity and
probability to prioritize risks and guide con-
trol measure development.

The qualitative risk assessment matrix from
MIL-STD882E was used, classifying risk se-
verity into four categories (catastrophic, crit-
ical, borderline, minor) and probability into
five (A, B, C, D, E). Combining these factors
produced a risk matrix to estimate accept-
able and unacceptable risk levels. Proposed
controls were developed in consultation with
facility experts to improve safety and reduce
risk.

Samples

The statistical population included all per-
sonnel in the imaging department of Amir
al-Momenin (AS) Hospital in Gerash.

This encompassed radiology experts, imaging
technicians, radiologists, and other depart-
ment personnel, as well as imaging equip-
ment such as ultrasound and mammography
machines.

The sample consisted of 10 purposively se-
lected experts from the imaging department,
ensuring representation of the statistical pop-
ulation. Participants included the head of the
imaging department, two radiologists, three
radiology experts, one nurse, one occupation-
al health engineer, one receptionist, and one
service staff member. These individuals pos-
sessed sufficient expertise to contribute effec-
tively to hazard identification and risk assess-
ment using the ETBA method.

Outcome Measurements

The study utilized several tools for data col-
lection and analysis, including the ETBA
energy checklist, risk severity classification
(MIL-STDS882E), risk probability classifica-
tion (MIL-STD882E), risk matrix (MIL-ST-
D882E), and risk classification criteria
(MIL-STDS882E).

The primary outcomes involved identifying
energy sources, assessing their risks, and eval-
uating existing controls. Secondary outcomes
included proposing mitigation strategies for
unacceptable risks. Data were analyzed based
on the checklist responses, with qualitative
variables described using frequencies and per-
centages.

Statistical Analyses

Data analysis was conducted using the energy
checklist and supplementary information ob-
tained from observations and interviews. Data
were entered into Excel, and descriptive sta-
tistics (frequency and percentage) were used
to summarize qualitative variables.

The risk assessment process involved calcu-
lating primary and secondary risks, with con-
trol measures proposed for risks exceeding
acceptable thresholds.

The MIL-STD882E standards guided the clas-
sification and prioritization of risks, ensuring
a systematic approach to risk management.
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Results

The imaging department included 5 radiolo-
gists, 17 radiographers, 9 receptionists, and
2 typists, providing services across differ-
ent departments and shifts. The department
was equipped with 7 devices: a 16-slice CT
scanner, an ultrasound machine, a 256-slice
CT scanner, an MRI machine, a digital ceil-
ing-mounted radiography unit, an OPG (den-
tal radiography) machine, and a mammogra-
phy machine.

MRI Unit Risk Analysis

The MRI unit contained multiple energy-re-
lated hazards, including kinetic energy, ioniz-
ing/non-ionizing radiation, falls, cold, noise,
biological materials, electricity, and chem-
icals. A total of 35 human-related risks, 24
equipment-related risks, and 2 environmental
risks were identified. Risk levels were catego-
rized as: 1 unacceptable, 41 undesirable, 14
acceptable with revision, and 5 acceptable.
Most risks were mitigated to acceptable levels
with existing controls.

Hazard Identification in Energy Tracing and Barrier Analysis Method in the Imaging Department of Hospital

Digital Radiography Unit Risk Assessment
This unit involved 9 energy types, including
kinetic energy, ionizing/non-ionizing radia-
tion, falls, lighting system glare, electricity,
disinfectant chemicals, microorganisms, and
miscellaneous energies. 63 total risks were
identified (37 human, 24 equipment, 2 en-
vironmental), with risk levels as follows: 2
unacceptable, 46 undesirable, 10 acceptable
with revision, and 5 acceptable. Post-control
measures, most risks were reduced to accept-
able levels.

CT Scan Unit Risk Assessment

The CT unit (16-slice and 256-slice machines)
had 10 energy types, including kinetic energy,
ionizing/non-ionizing radiation, light, electri-
cal components, microorganisms, disinfec-
tants, contrast agents, falls, and miscellaneous
energies. 37 human-related, 24 equipment-re-
lated, and 2 environmental risks were found.
Risk levels included 4 unacceptable, 42 un-
desirable, 28 acceptable with revision, and 12
acceptable.

Mammography & OPG Unit Risk Assessment

Table 1. Overall Results of Risk Assessment in Different Units
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Mammography
and OPG 10 44 24 4 72 4 46 14 8 0 6 52 14
Ultrasound 10 34 22 2 58 0 41 11 6 0 0 45 13
Power room 4 11 10 10 31 2 12 2 15 0 0 12 19
Other 4 21 31 10 62 0 53 10 0 O 30 32
Total 57 232 167 34 433 13 281 79 61 O 18 274 141
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This unit contained 10 energy types, such as
kinetic energy, ionizing/non-ionizing radia-
tion, light, falls, biological hazards, electric-
ity, chemicals, potential energy, and miscella-
neous energies. 44 human-related, 24 equip-
ment-related, and 4 environmental risks were
identified. Risk levels were 4 unacceptable,
46 undesirable, 14 acceptable with revision,
and 8 acceptable.

Ultrasound Unit Risk Assessment

The ultrasound unit had 10 energy types, in-
cluding kinetic energy, ultrasonic/ultraviolet
waves, light, electricity, heat, biological ma-
terials, potential energy, chemicals, and mis-
cellaneous energies. 34 human-related, 22
equipment-related, and 2 environmental risks
were noted. Risk levels were 41 undesirable,
11 acceptable with revision, and 6 accept-
able, with most mitigated to acceptable levels
post-controls.

Power Room Risk Assessment

This unit involved 4 energy types (chemi-
cal, electrical, mechanical, pressurized gas).
Across 2 power rooms (6 electrical panels +
other sources), 31 total risks were identified
(11 human, 10 equipment, 10 environmental).
Risk levels included 2 unacceptable, 12 un-
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Figure 1. Distribution of risk frequency in different units

desirable, 2 acceptable with revision, and 15
acceptable, all mitigated to acceptable levels
post-controls.

Heating/Cooling & Other Sources Risk As-
sessment

These sources contained 4 energy types
(electricity, heat, chemicals, pressurized
gas). Across 10 electric heaters, 10 splits,
and 20 electrical sources, 21 human-related,
31 equipment-related, and 10 environmental
risks were found. Risk levels were 53 undesir-
able and 10 acceptable, all reduced to accept-
able levels post-controls.

Overall findings revealed a total of 433 risks
identified (232 human, 167 equipment, 34 en-
vironmental), with initial risk levels catego-
rized as 13 unacceptable, 281 undesirable, 79
acceptable with revision, and 61 acceptable;
post-control measures, risks were reduced
to 18 undesirable, 274 medium (acceptable
with revision), and 141 low (acceptable). The
CT scan unit had the highest risk burden (86
risks) due to dual machines and operational
complexity, while the power room was the
lowest-risk unit (31 risks). Clinically, while
controls mitigated most risks, some units re-
tained unacceptable risks, warranting further
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intervention, particularly in the CT scan,
mammography/OPG, and radiology units,
which require heightened scrutiny due to their
elevated risk levels (Table-1). A total of 433
potential hazards or risks were identified in
the medical imaging department, with the
highest number being 86 for CT scans, fol-
lowed by 72 for mammography/OPGs, 63 for
X-rays, 62 for other facilities, 61 for MRI, 58
for sonography, and the lowest being 31 for
power room.

Figure-1 illustrates the frequency of risk types
in different units. Accordingly, the most com-
mon types of risks had human consequences
and equipment impacts, which varied across
units. The highest risk with human conse-
quences and safety consequences was ob-
served in the CT scan unit, while the highest
risk with environmental impacts was found in
the power room.

Figure-2 outlines the results of the analysis
of the levels of primary and secondary risks
in various units and the total. Accordingly,
most of the risks are at an acceptable level
after considering the effectiveness of exist-
ing controls, so that the primary undesirable
risks have decreased from 281 (excluding
controls) to 18 undesirable ones, and the oth-
er risks are at acceptable levels. For primary

high secondary RAC (Undesirable)

Hazard Identification in Energy Tracing and Barrier Analysis Method in the Imaging Department of Hospital

risks, the majority fall within the critical RAC
(281 instances, deemed Desirable), followed
by intermediate (79, Acceptable) and low (61,
Acceptable), with minimal high RAC occur-
rences (13, Undesirable). Notably, the CT
scan, X-rays, and Mammography/OPG units
exhibit the highest critical primary risks (42,
46, and 46, respectively), while Ultrasonogra-
phy and "others" show no high primary risks.
Secondary risks predominantly align with in-
termediate RAC (274, Acceptable) and low
RAC (141, Acceptable), with a smaller crit-
ical subset (18, Desirable) and no high RAC
cases. The Power Room and "others" units
display lower secondary critical risks (0 and
0), contrasting with imaging units like CT
scans (6) and X-rays (6). Table-2 reports the
types of energy and their sources as well as
the number of risks resulting from each in the
units studied. Accordingly, a total of 14 types
of energy and 433 risks were identified, with
electricity claiming the largest share among
the types of energy with 240 cases. This cov-
ers electrical equipment, switches and sock-
ets, cables, and electrical panels, which play a
key role in all units. Furthermore, some types
of energy include those related to biological,
chemical, etc.

critical secondary RAC (Desirable) [l
intermediate secondary RAC (Acceptable) N . 0000000 ]
low secondary RAC (Acceptable) [N NN
high primary RAC (Undesirable) i

critical primary RAC (Desirable)

intermediate primary RAC (Acceptable) NN
low primary RAC (Acceptable) NN
0 100 200 300 400 500 600
B CT scan B X-rays | Mamography/OPG m Ultrasonography
m Power room m others m total

Figure 2. Results of the analysis of primary and secondary risk levels in different units
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Discussion

In this study, a total of 433 risks related to
14 types of energy were identified in differ-
ent imaging units. The highest risks were
linked to electrical energy (240 items), cov-
ering electrical equipment, switches, sock-
ets, electrical panels, and cables. Thereafter,
thermal energies and non-ionizing radiation
stood in second place with 30 items. These
findings highlight the critical need for target-
ed interventions to mitigate electrical hazards
in imaging units, as they represent the most
prevalent risk category. Some similar studies
have been performed in the literature; the re-
sults have shown that electricity is one of the
most dangerous and significant risks in the
system according to the ETBA technique and
has caused serious accidents [13]. A study on
examining the status of hospitals at Kerman
University of Medical Sciences revealed that
none of the hospitals had a favorable safety
status. Of the total 72 departments and units
in the hospitals studied, slightly more than a
quarter (27.8%) had a favorable safety sta-
tus, with the highest score associated with
intensive care units (ICU) (88+7.5) and the
lowest score linked to radiology departments
(46.1£18.3) [5]. This disparity underscores
the urgent need for safety improvements,

particularly in radiology departments, which
consistently show lower safety scores across
multiple studies.

In a study of radiology departments in Isfah-
an, the overall safety status was 58%, reported
as moderate and poor. Of the five safety areas,
the highest percentage pertained to physical
space and equipment safety, and the lowest
percentage was associated with the use of
personal protective equipment [14]. Another
study in Kurdistan also reported that in 20%
of cases, the safety status of radiology depart-
ments was poor and in 60% it was moderate
[15]. A study in Guilan states that the diag-
nostic departments of the hospitals covered do
not have a desirable level of safety. This study
of radiology departments at the University of
Guilan was evaluated as “moderate” consid-
ering the severity and scope of injury incur-
rence, and the availability of standard criteria.
The main safety and security deficiencies in
this department were associated with issues
such as the lack of emergency exits, alarm sys-
tems, personnel training, and fire extinguish-
ing systems [16]. These consistent findings of
moderate to poor safety ratings in radiology
departments across different regions suggest
systemic issues that require standardized safe-
ty protocols and enhanced training programs.
However, the findings of a survey at Tehran

Table 2. Frequency of types of energy, their sources, and the number of risks

Hazard Type Clinical Sources ﬁis:l(:sl(ant; d
Kinetic Energy Moving parts (MRI, CT, Radiology, Ultrasound) 15
Ionizing Radiation X-ray, CT, Mammography, OPG machines 20
Non-Tonizing Radiation l;A:\%;etic fields (MRI), UV from monitors, Ultrasound 30
Light Exposure Room lighting 10
Fall Risk Patient beds, mobility devices 16
Cold Exposure MRI machine cooling systems

Noise Exposure MRI acoustic noise, equipment fans 2
Biological Hazards Microbial/fungal contamination (all units) 20
Electrical Hazards Medical equipment, wiring, electrical panels 240
Chemical Hazards Disinfectants, contrast agents, cooling gels 26
Impact Hazards Collision with machine components 7
Pressurized Gas Hazards Oxygen/helium cylinders

Thermal Burns Ultrasound probes, heating devices 30
Environmental Hazards  Slippery floors 12

Total Hazards

14 distinct hazard types identified

433 total risks
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University of Medical Sciences revealed that
radiology departments are completely safe in
terms of radiation protection and have a satis-
factory safety rating in terms of overall safety,
by acquiring 80% of the points [17]. This con-
trast indicates that effective radiation protec-
tion measures can be achieved that provids a
potential model for improving overall safety
in other radiology departments.

A study in Qazvin performed a risk assess-
ment in the imaging units of three public hos-
pitals using the ETBA method in 2019, iden-
tifying a total of 24 risks, of which 7 were un-
acceptable, 5 were undesirable, and 12 were
acceptable with revision. Electromagnetic,
electrical, and kinetic energies were the high-
est levels of hazardous energies, respectively
[18]. These results reinforce the prominence
of electrical risks in imaging units and sug-
gest that the ETBA method is effective in
identifying specific energy-related hazards for
targeted mitigation. In Tehran, a study dealt
with risk assessment using the ETBA method
in the intensive care unit (ICU) of Loghman
Hospital. A total of 10 types of energy and 35
hazards were identified, of which 13 hazards
were estimated to have an unacceptable risk
level, 17 were estimated to be undesirable,
and 5 were estimated to be acceptable with re-
vision based on the MIL-STD882B standard
table. The most significant and dangerous en-
ergies detected in the ICU included the risk
of explosion of pressurized cylinders, the risk
of electrocution and fire caused by electrici-
ty, slipping, patient falling due to lack of bed
restraint, infectious agents, and hazards from
medical waste [13]. The identification of di-
verse hazards in ICUs highlights the complex-
ity of ensuring safety in high-stakes medical
environments, necessitating comprehensive
risk management strategies.

In a study on the central heating system of
Shahid Beheshti Hospital in Kashan, a total
of 8 energies and 35 potential hazards were
identified, of which 12 were estimated to be
unacceptable, 20 were estimated to be unde-
sirable, and 3 were estimated to be acceptable.
The highest risk levels were associated with
chemical energy and electrical energy. Fur-
ther, 90% of the identified hazards showed
unacceptable and undesirable risks [19]. This
high proportion of unacceptable risks in hos-

Hazard Identification in Energy Tracing and Barrier Analysis Method in the Imaging Department of Hospital

pital infrastructure like heating systems em-
phasizes the need for regular maintenance and
safety audits to prevent catastrophic failures.
A study conducted to assess the risk of the
electrical system of Najmia Hospital using the
ETBA method reported that 97% of the equip-
ment did not have an acceptable risk level.
Further, 52% had unacceptable risk, 45% had
undesirable risk, and only 3% had acceptable
risk [20]. These findings further confirm the
pervasive electrical safety challenges across
hospital systems, calling for urgent upgrades
to electrical infrastructure.

An observational study was performed in a
hospital in Eastern India. They employed a
risk scoring tool and ranked the hazards based
on the risk score. Thirty-eight hazards were
identified in the study and categorized into
natural, physical, chemical, biological, ergo-
nomic, psychological, and safety categories.
Fire and storm hazards showed the highest
risk scores [21]. This broader categorization
of hazards illustrates the multifaceted nature
of hospital safety risks, extending beyond en-
ergy-related issues to include environmental
and human factors. Since compliance with
safety and health principles in hospitals leads
to enhanced effectiveness of activities, effi-
ciency, and ultimately productivity, compli-
ance with safety requirements in hospitals re-
quires special attention. This study can assist
healthcare managers and officials to design
safety improvement programs and focus on
the units that have the highest risk. The results
of this study can also be a basis for future re-
search in the field of risk assessment in other
medical sectors. By integrating findings from
these diverse studies, healthcare systems can
develop evidence-based safety frameworks
to address both common and region-specific
risks, ultimately improving patient and staff
safety across all hospital units.

Since compliance with safety and health prin-
ciples in hospitals leads to enhanced effective-
ness of activities, efficiency and ultimately
productivity, compliance with safety require-
ments in hospitals requires special attention.
This study can assist healthcare managers
and officials to design safety improvement
programs and focus on the units that have the
highest risk. The results of this study can also
be a basis for future research in the field of
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risk assessment in other medical sectors.

Strengths and Weaknesses of the Study

The most important strengths of this study
included the use of the ETBA method as a
comprehensive and structured method for
identifying risks, detailed analysis of energy
types and risk levels in the imaging environ-
ment, and the provision of practical as well
as feasible corrective suggestions for risk mit-
igation. The most important weaknesses of
this study included limited focus on one hos-
pital department (imaging), which may lower
generalizability to other departments, lack of
assessment of the influence of control mea-
sures after implementation, which can be con-
sidered in future studies, and the limitation in
investigating long-term risks associated with
ionizing radiation that have delayed effects.

Conclusion

Overall, electrical energy and ionizing radia-
tion are the main sources of risk in medical

imaging units. Although the implemented
controls have been able to improve the level
of risks, there is still a need for further optimi-
zation in high-risk units such as CT scan and
MRI. Implementing the proposed suggestions
can have a significant influence on reducing
risks and enhancing safety in these environ-
ments. Also, a comparative study among de-
vices revealed that devices with a higher level
of technology (such as CT scan and MRI) that
use ionizing radiation and strong magnetic
fields had higher risks than simpler devices
such as OPG. This demonstrates the need for
greater attention to advanced technologies
and proper management of their risks. The
most important achievement of this study is
providing a comprehensive approach to iden-
tifying and managing risks in hospital envi-
ronments that can be employed as a model for
other healthcare centers.
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