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Background: Healthcare workers’ radiation safety during fluoroscopy-guided procedures re-
mains a critical occupational health concern, particularly for nursing staff with intermittent ex-
posure. With evolving healthcare practices, increasing procedural volumes, and technological
advancements in fluoroscopic equipment, there is a need to evaluate whether continuous per-
sonal radiation dose monitoring is necessary for occasionally exposed nursing staff in operating
rooms and endoscopy suites.

Materials and Methods: A prospective observational study was conducted at a Singapore pub-
lic hospital from July to December 2024. Eighty nurses from operating theatre and endoscopy
departments were equipped with a personal dosimeter to record their dose exposure. A secure
digital platform with QR code integration enabled immediate exposure logging via participants’
mobile phones, capturing 1,512 exposure data from various procedures. Radiation doses were
measured bimonthly by Singapore’s National Environment Agency.

Results and Discussion: Analysis revealed significant variations in the median of total expo-
sure time across specialties, with participants specializing in vascular having the highest median
exposure (4.4 hours), followed by endoscopy (2.8 hours), urology (0.3 hours), and orthopedics
(0.2 hours). Despite these variations, total effective doses remained consistently low across par-
ticipants from all specialties below the study period threshold of 1 mSv. The absence of a strong
correlation between exposure time and effective dose suggests the effectiveness of current radia-
tion protection measures. Cost-benefit analysis indicated potential savings of approximately
$60,000 annually through reduced subscription fees, in addition to administrative man-hour
savings, which would have been required for dosimeter management and dose reporting for a
cohort of 315 staff.

Conclusion: This study demonstrates that occasional participation in fluoroscopy-guided pro-
cedures results in minimal radiation exposure for nursing staff, supporting the discontinuation
of routine radiation monitoring while maintaining periodic reviews. The findings demonstrate
that current radiation protection protocols effectively maintain exposure levels well within safety
limits.

Keywords: Radiation Safety, Occupational Exposure, Fluoroscopy, Nursing Staff, Dose Moni-
toring

Introduction

Healthcare workers’ radiation safety during fluoroscopy-guided procedures remains
a critical occupational health concern, particularly for staff with intermittent exposure

www.jrpr.org 47


https://orcid.org/0000-0002-0644-5428

Arlany L, et al.

JRPR

[1-5]. Modern fluoroscopic equipment incorporates ad-
vanced radiation protection features, and healthcare facili-
ties have implemented comprehensive shielding measures
including protective barriers, lead aprons, and thyroid
shields [6]. These improvements, combined with strict ad-
herence to radiation safety protocols and the As Low As Rea-
sonably Achievable (ALARA) principles, have significantly
reduced occupational exposure risks.

With these enhanced protection measures in place, there
is a need to evaluate whether continuous personal radiation
dose monitoring remains necessary for occasionally exposed
nursing staff in operating rooms (ORs) and endoscopy suites.
While previous studies have investigated radiation exposure
among healthcare workers in various clinical settings [7, 8],
limited data exists on the specific exposure patterns of nurs-
ing staff who assist intermittently in fluoroscopy-guided pro-
cedures across different specialties.

This study evaluated radiation exposure levels among OR
and endoscopy nurses with periodic radiation exposure in a
Singapore public hospital. The objectives were to quantify
radiation exposure levels among nurses working in radiation-
exposed environments, assess whether cumulative doses ex-
ceeded International Commission on Radiological Protec-
tion (ICRP) recommended limits for non-occupational radi-
ation workers [9] and develop evidence-based recommen-
dations for optimizing radiation monitoring practices.

Materials and Methods

1. Study Design and Study Population
This prospective observational study was conducted at a
Singapore public hospital from July to December 2024. From

Number of participants according to specialties
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Fig. 1. Participant breakdown according to specialties.
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a target population of 315 nursing staff who occasionally as-
sist in fluoroscopy-guided procedures, 80 participants were
enrolled, representing approximately 25% of the target popu-
lation. The participants consisted of 28 Endoscopy nurses
and 52 OR nurses (16 vascular, 10 urology, and 26 orthope-
dics) across various designations as shown in Fig. 1. Before
the study began, all participants attended a comprehensive
briefing session covering study objectives, proper thermolu-
minescent dosimeters (TLDs) wearing protocols, radiation
safety practices, and exposure time documentation proce-
dures.

From the initial cohort of 80 participants, 70 completed
the study period, while 10 were excluded from the final anal-
ysis due to various reasons, including lost TLDs, prolonged
leave, or staff resignation. These 70 participants were deployed
across four main specialties: endoscopy (n=26), orthopedics
(n=21), urology (n=9), and vascular (n=14). The study cap-
tured data from 1,512 radiation exposure individual records,
with the majority occurring in endoscopy (46%, n=694), fol-
lowed by orthopedic (25%, n=373), vascular (14%, n=211),
and urologic procedures (14%, n=221), with a small propor-
tion from general surgery (1%, n=13) as shown in Fig. 2.

Median radiation exposure times varied significantly across
specialties, as shown in Fig. 3. Vascular procedures showed
the highest median exposure times due to the continuous
fluoroscopic imaging required for real-time visualization dur-
ing complex interventions such as angiography, stent place-
ments, and endovascular repairs. Similarly, endoscopic pro-
cedures demonstrated substantial exposure times due to the
need for fluoroscopic guidance during catheter navigation
and therapeutic interventions. In contrast, orthopedic and

Total number of procedures with radiation recorded
in 6 months period

Urology,
221 (14%)

Orthopedic,
373 (25%)

General surgery, 13 (1%)

Fig. 2. Distribution of procedures involving radiation exposure
across specialties.
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Fig. 3. Median of total exposure time (seconds) across specialties. TBLB, transbronchial lung biopsy; ERCP, endoscopic retrograde cholan-
giopancreatography; NJT, naso-jejunal tube; OGD, oesophago-gastro-duodenoscopy; DJ Stent, double-J (DJ) stent; ESWL, extracorporeal
shock wave lithotripsy; PCNL, percutaneous nephrolithotomy; RIRS, retrograde intrarenal surgery; URS, ureteroscopy; AVF, arteriovenous fis-

tula; EVAR, endovascular aneurysm repair.

urological procedures showed notably lower exposure times,
reflecting their intermittent use of fluoroscopy.

2. Equipment and Radiation Monitoring

All participants wore TLDs for the 6-month study period,
with bimonthly readings conducted by Singapore’s National
Environment Agency (NEA). The bimonthly TLD reading in-
tervals were determined by the NEA’s subscription-based
radiation monitoring service, which provides standardized
dose measurements on a 2-monthly cycle for all subscribers.

TLDs were chosen over electronic personal dosimeters
(EPDs) as they offered several advantages for this study. EPDs
would have required additional staff time to record both ex-
posure time and EPD readings for each procedure, poten-
tially affecting recording efficiency and potentially introduc-
ing additional error. Furthermore, TLDs offered a more cost-
effective solution through NEA’s subscription-based dose
monitoring model, compared to the significant upfront in-
vestment required for EPDs which would become redun-
dant after the study period. This subscription-based service

https://doi.org/10.14407/jrpr.2025.00297

was particularly suitable for this short-term study involving
80 participants.

The radiation exposure assessment was conducted in ac-
tual clinical settings where staff movements and positions
are dynamic throughout procedures. Staff frequently change
positions based on procedural needs, patient care require-
ments, and team coordination. For example, during a single
fluoroscopy-guided procedure, a nurse may move between
equipment trolleys, patient monitoring stations, and assist-
ing positions, making it impractical to maintain consistent
distance and orientation measurements.

The TLDs were worn consistently on the chest or front body
area of the staff, following standard radiation monitoring pro-
tocols. This approach, though not capturing granular spatial
data, reflects the actual occupational exposure experienced
by nursing staff during their regular duties. To address radia-
tion safety, all staff followed standard radiation protection
principles, including maintaining maximum practical dis-
tance from the radiation source and minimizing time in high-

exposure zones when possible.
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Table 1. Distribution of Procedures, Exposure Time, and Effective Dose of Participants across Specialties

Specialty No. of participants Procedures count Exposure time (hr) Effective dose (mSv)
Overall 70 19 (0-79) 1.1 (0-26.2) 0.68 (0.58-0.99)
Endoscopy 26 23 (1-79) 2.8(0.2-10.5) 0.66 (0.58-0.99)
Orthopedics 21 17 (0-45) 0.2 (0-0.5) 0.70 (0.60-0.85)
Urology 9 21 (0-50) 0.3 (0-2.0) 0.67 (0.63-0.85)
Vascular 14 12 (1-66) 4.4 (0.2-26.2) 0.72 (0.63-0.93)

Values are presented as median (range).

Fluoroscopic imaging systems included both mobile and
static C-arms in OR and endoscopy center. All equipment
underwent regular quality assurance testing and preventive
maintenance to ensure optimal performance and radiation
safety.

3. Data Collection Protocol

A secure digital platform with QR code integration enabled
efficient documentation of radiation exposure details by in-
dividual participant. Each record submission includes indi-
vidual staff identifier, procedure specifications, role during
the procedure (scrub nurse, rotating nurse, or anesthesia unit
support), and duration of radiation exposure. The digital doc-
umentation system with mandatory fields improved data ac-
curacy and eliminated transcription errors.

4. Radiation Dose Assessment

The nurses in this study are not classified as radiation work-
ers as their primary role is patient care, with radiation expo-
sure being incidental to their duties during fluoroscopy-guid-
ed procedures. As their radiation exposure is occasional rath-
er than routine and they do not handle or operate the irradi-
ating equipment, they are categorized as members of the
general public for radiation protection purposes. Hence, their
exposure levels were evaluated against general public dose
limits.

Natural background radiation exposure in Singapore aver-
ages to 1 mSv/yr as estimated from ambient radiation mea-
surements conducted by the NEA [10]. Following the ICRP
recommendations, a dose limit of 1 mSv/yr was established
for non-occupational radiation workers, in addition to natu-
ral background levels [9]. Therefore, the applicable dose limit
for this 6-month study period was set at 1 mSy, representing
half of the total annual limit (2 mSv).

5. Statistical Analysis
Statistical analysis was performed using Microsoft Excel

50 www.jrpr.org

version 16.33. Descriptive statistics were performed for radi-
ation exposure times and effective doses of participants across
different specialties. The effective dose results were presented
as median values as the data showed a non-normal distribu-
tion with the presence of outliers, and some specialty groups
had relatively small sample sizes. Given the wide range of ex-
posure times across different specialties, median values pro-
vided a more robust measure of central tendency. This ap-
proach better represents the typical exposure levels experi-
enced by nursing staff, particularly in datasets with skewed
distributions. Correlation analysis examined the relationship
between exposure times and effective doses. Cost-benefit
analysis was also performed to evaluate the financial impli-
cations of continuous radiation monitoring practices.

Results and Discussion

1. Radiation Exposure and Dose Patterns Analysis
Analysis of procedure participation rate, radiation expo-
sure times, and effective doses are presented as median (min-
imum-maximum) in Table 1. Participants attended a medi-
an of 19 procedures (range, 0-79) during the study period. By
specialty, endoscopy staff recorded the highest median pro-
cedure count (23 procedures; range, 1-79), followed by urol-
ogy (21 procedures; range, 0-50), orthopedics (17 procedures;
range, 0-45), and vascular (12 procedures; range, 1-66).
Cumulative exposure times showed significant variations
across specialties. Vascular staff accumulated the highest
median duration (4.4 hours; range, 0.2-26.2 hours), followed
by endoscopy (2.8 hours; range, 0.2-10.5 hours), while urolo-
gy (0.3 hours; range, 0-2.0 hours) and orthopedics (0.2 hours;
range, 0-0.5 hours) recorded notably lower exposures. These
variations reflect both the inherent differences in procedure
complexity and the frequency of fluoroscopy-guided proce-
dures across specialties. Nevertheless, despite these substan-
tial differences in procedure counts and cumulative exposure
times, total effective doses remained consistently low across
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Participants

Fig. 4. Total exposure time (A) and total effective dose (B). Data are arranged from longest exposure (left) to shortest (right).

all specialties, below the study period threshold of 1 mSw.

Median effective doses showed remarkable consistency
(0.68 mSv; range, 0.66-0.72 mSv) across specialties, with vas-
cular procedures recording a median of 0.72 mSy, followed
by orthopedic (0.70 mSv), urologic (0.67 mSv), and endosco-
py procedures (0.66 mSv). As observed in Fig. 4, no strong
correlation was found between exposure time and effective
dose (r=-0.09, p<0.05), suggesting that current radiation
protection measures are effective in minimizing staff expo-
sure regardless of the procedure duration. This finding aligns
with the outcome of a similar study conducted internally with-
in the same hospital back in 2019, which emphasized the
importance of proper radiation protection practices over
procedure duration in determining staff dose.

Further analysis identified two outliers where participants
recorded relatively higher doses despite having minimal pro-
cedure participation. A participant who worked in vascular
recorded a total dose of 0.92 mSv while having participated

https://doi.org/10.14407/jrpr.2025.00297

in only one procedure (0.22 hours) in October 2024, with bi-
monthly TLD readings showing higher doses for July-August
(0.38 mSv) and November-December (0.32 mSv) as compared
to September-October (0.22 mSv) when the procedure oc-
curred. Similarly, another participant who worked in endos-
copy recorded a total dose of 0.99 mSv despite having only
assisted in two procedures (0.19 hours) in July 2024, with con-
sistent bimonthly TLD readings throughout the study period
(July-August, 0.37 mSv; September-October, 0.29 mSv; No-
vember-December, 0.33 mSv).

Based on the analysis, the higher readings were determined
to be likely due to natural background radiation rather than
occupational exposure. The outlier cases showed uniform
bimonthly TLD readings (ranging, 0.29-0.38 mSv) even dur-
ing periods without procedure participation, suggesting back-
ground radiation influence rather than occupational expo-
sure. Additionally, these participants recorded relatively high
total doses (0.92-0.99 mSv) despite minimal procedure par-
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ticipation (only 0.19-0.22 hours), which is inconsistent with
the expected dose-time relationship from occupational ex-
posure. The finding of no strong correlation between expo-
sure time and effective dose (r=-0.09, p<0.05) across all par-
ticipants further supports that factors beyond occupational
exposure influenced the readings.

2. Economic Implications

The cost-benefit analysis revealed potential savings of
$17,000 in initial TLD costs ($54.60 per unit) and $60,000 in
annual subscription fees ($15.75 per TLD per staff monthly)
for the 315 nursing staff. In addition, there will be savings
through administrative manhours, which would have been
required for the management of regular TLD exchanges.
Transitioning from continuous monitoring to periodic as-
sessment after every few years would maintain safety stan-
dards while significantly reducing operational costs. Howev-
er, these financial benefits must be weighed against the need
for maintaining robust radiation safety protocols and peri-
odic validation of exposure levels.

3. Limitations

This study provides valuable insights while acknowledging
certain methodological limitations. The 6-month study peri-
od, while providing robust initial data, may not capture po-
tential seasonal variations in procedure volumes or long-term
exposure patterns. A longer study duration would be benefi-
cial to understand annual exposure trends and validate the
consistency of our findings.

While we acknowledge the importance of backscattering
radiation in occupational exposure, measuring ambient dose
rates would have presented significant challenges due to mul-
tiple variables such as procedure types, patient sizes, staff
positioning, equipment settings, and room layouts. These
variables would make it difficult to establish meaningful cor-
relations with actual staff exposure. Instead, TLD measure-
ments provided more reliable data by capturing both direct
and scattered radiation exposure in real working conditions,
offering a more accurate representation of total occupational
radiation dose during routine duties.

As this was a single-center study at a Singapore public hos-
pital, the findings may not fully represent practices at other
institutions with different fluoroscopy protocols or radiation
safety measures. Variations in equipment, procedure volumes,
and local regulations could influence exposure patterns. Nev-
ertheless, our findings provide valuable benchmarking data
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for healthcare institutions with similar radiation protection
protocols, particularly in the Asia-Pacific region.

The self-reporting nature of our digital documentation
system, despite having QR code integration and mandatory
fields, could introduce reporting bias in exposure time accu-
racy. While our digital platform improved data collection ef-
ficiency, the accuracy depends on staff compliance and
timely documentation. Future studies could benefit from au-
tomated exposure time tracking systems for higher exposure
time accuracy.

Background radiation exposure, a common factor in all ra-
diation monitoring studies, was noted to influence individual
dosimeter readings as observed in the outlier analysis. How-
ever, the consistency of such findings across participants and
specialties supports the reliability of our study’s conclusions.
These limitations do not significantly impact our primary
finding that radiation exposure levels remained consistently
low across all specialties.

4. Implementation Considerations

The findings support modifying radiation monitoring pro-
tocols for occasionally exposed nursing staff. While exposure
levels were consistently low, maintaining periodic reviews
and spot checks remains crucial for quality assurance. Staff
education and adherence to radiation protection protocols
continue to be crucial, given the effectiveness demonstrated
by the low correlation between exposure time and effective
dose.

Conclusion

This study demonstrates that occasional participation in
fluoroscopy-guided procedures results in minimal radiation
exposure for nursing staff in OR and endoscopy settings, with
all measured doses remaining well below recommended
limits. The lack of correlation between exposure time and ef-
fective dose validates the effectiveness of current radiation
protection protocols. These findings support the discontinu-
ation of routine radiation monitoring for occasionally exposed
nursing staff while maintaining periodic reviews, which po-
tentially generates significant cost savings while maintaining
safety standards. The study provides valuable benchmarking
data for healthcare institutions and confirms that current ra-
diation protection protocols effectively maintain exposure
levels well within safety limits.

https://doi.org/10.14407/jrpr.2025.00297



Radiation Monitoring of Operating Room and Endoscopy Nurses

Article Information

Funding

This study was supported by Sengkang General Hospital.
The funding source was not involved in study design, data
collection, analysis, interpretation, writing of the report, or
decision to submit for publication.

Conflict of Interest
The authors declare no conflict of interest. The authors alone
are responsible for the content and writing of this paper.

Ethical Statement

This study was reviewed and qualified as a quality assur-
ance and service improvement project and was therefore
deemed exempt by our Institutional Review Board.

Data Availability

No new datasets were generated for this study. All data an-
alyzed are already included within the figures and descrip-
tions presented in the manuscript, and no additional data
files are available.

Author Contribution

Conceptualization: Arlany L. Methodology: Arlany L. Data
curation: Arlany L. Formal analysis: Arlany L. Supervision:
Arlany L, Tan W, Cillo JC Jr, Tugade LDV, Loy YH, Mohd Nor
NB. Funding acquisition: Ng SP. Project administration: Ar-
lany L, Tan W, Cillo JC Jr, Tugade LDV, Loy YH, Mohd Nor NB.
Investigation: Arlany L, Tan W. Visualization: Arlany L. Re-
sources: Ng SP. Validation: Arlany L, Tan W. Writing - original
draft: Arlany L. Writing - review & editing: Tan W, Cillo JC Jr,
Tugade LDV, Loy YH, Mohd Nor NB, Ng SP. Approval of final
manuscript: all authors.

Acknowledgements

The authors would like to thank Arthur Cheng Kim Chai,
Head of Diagnostic Radiography in Sengkang General Hos-
pital, for his support on this study.

https://doi.org/10.14407/jrpr.2025.00297

JRPR

ORCID
Laurentcia Arlany https://orcid.org/0000-0002-0644-5428
Wei Tan https://orcid.org/0009-0004-2554-8096
Jeremias C. CilloJr. https://orcid.org/0009-0006-0636-742X
LeoDe VeraTugade https://orcid.org/0009-0001-3631-7742
YingHaoLoy  https://orcid.org/0009-0003-3307-7426
Nazeemah Binte Mohd Nor
https://orcid.org/0000-0002-1678-4781
Siok Peng Ng https://orcid.org/0009-0002-2144-0622

References

—

. ALMasri HY, Kakinohana Y, Yogi T. Occupational radiation mon-
itoring at a large medical center in Japan. Radiol Phys Technol.
2014;7(2):271-276.

2. Teschke K, ChowY, Chung J, Ratner P, Spinelli J, Le N, et al. Esti-
mating nurses’ exposures to ionizing radiation: the elusive gold
standard. J Occup Environ Hyg. 2008;5(2):75-84.

3. Jenkins NW, Parrish JM, Sheha ED, Singh K. Intraoperative risks
of radiation exposure for the surgeon and patient. Ann Transl
Med. 2021;9(1):84.

4. Singer G. Occupational radiation exposure to the surgeon. ] Am
Acad Orthop Surg. 2005;13(1):69-76.

5. Wilson-Stewart K, Shanahan M, Fontanarosa D, Davidson R.
Occupational radiation exposure to nursing staff during cardio-
vascular fluoroscopic procedures: a review of the literature. ] Appl
Clin Med Phys. 2018;19(6):282-297.

6. Meisinger QC, Stahl CM, Andre MP, Kinney TB, Newton IG. Ra-
diation protection for the fluoroscopy operator and staff. AJR Am
J Roentgenol. 2016;207(4):745-754.

7. Theocharopoulos N, Perisinakis K, Damilakis J, Papadokostakis
G, Hadjipavlou A, Gourtsoyiannis N. Occupational exposure from
common fluoroscopic projections used in orthopaedic surgery.
] Bone Joint Surg Am. 2003;85(9):1698-1703.

8. Naidu LS, Singhal S, Preece DE, Vohrah A, Loft DE. Radiation
exposure to personnel performing endoscopic retrograde chol-
angiopancreatography. Postgrad Med J. 2005;81(960):660-662.

9. International Commission on Radiological Protection. The 2007
recommendations of the International Commission on Radio-
logical Protection. ICRP publication 103. Ann ICRP. 2007;37(2-4):
1-332.

10. National Environment Agency. Environmental radiation moni-

toring [Internet]. NEA; 2025 [cited 2025 Dec 29]. Available from:

https://www.nea.gov.sg/our-services/radiation-safety/environ-

mental-radiation-monitoring

www.jrpr.org 53


https://www.nea.gov.sg/our-services/radiation-safety/environmental-radiation-monitoring
https://www.nea.gov.sg/our-services/radiation-safety/environmental-radiation-monitoring

