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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Fluoroscopy is an indispensable tool that
forms a significant part of the standard practice in many trauma
and orthopaedic (T&O) procedures, as it facilitates dynamic
assessment and aids intraoperative visualization and decision-
making. It exposes patients and theatre staff to the potential
hazards of ionizing radiation. Thus, the awareness of these
hazards and proper use of personal protective equipment (PPE)
will help mitigate increased exposure. This audit aimed to
assess awareness regarding the safe use of fluoroscopy in T&O
theatres, evaluate the level of PPE use and the knowledge of
relevant guidelines, such as the British Orthopaedic Association
(BOA) recommendations and local trust policy.

Methods: A prospective audit was performed between
June and July 2023 using an online survey sent to healthcare
professionals working in T&O theatres across two hospital sites.
Data were collected using an online questionnaire and responses
kept anonymous and thus implied consent was applied.
Standards followed the local trust policy at the University
Hospitals Sussex NHS Trust and the BOA guidelines.

Results: Of the 49 respondents, 59% were fully aware of
radiation hazards, and only the theatre radiographers were all
fully aware. Surgeons (56%) and anaesthetists (46%) considered
themselves to have adequate knowledge of these hazards. Just
over half of the respondents (69%) could identify the major
source of radiation, while only 37% understood the effect of
distance on dose exposure. Of those surveyed, 49% knew the
local trust policy, while 39.6% knew the BOA guidelines; less
than half had formal training (40.8%). The results showed that
less than half of the participants used the full PPE highlighted
in the guidelines. Statistical analysis showed that only 46% of
participants used a protective lead apron/lead skirt with a coat
and thyroid shield. Of the survey participants, 84% never used
eye protection during fluoroscopy procedures, and 58% had
never received any formal training on radiation safety.

Conclusion: The findings from this audit highlight the lack
of awareness of the guidelines, resulting in suboptimal use
of PPE in procedures with fluoroscopy. Recommendations
for improvement include mandatory training for all theatre
personnel. Methods of increasing awareness include using
posters, performing regular audits to monitor the usage of PPE,
and discussing the results in clinical governance meetings.

Key words. Fluoroscopy, personal protection equipment,
theatre personnel, health hazard, audit.

Introduction.

The use of fluoroscopy is vital in orthopaedic theatres, and
its use is increasing. Fluoroscopy aids the intra-operative
visualisation of fractures, dynamic assessment, and decision-
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making and forms part of the standard practice for orthopaedic
theatres. The use of fluoroscopy presents hazards to the health
of both the patient and operating room personnel. Trauma and
spinal surgeries pose the highest radiation risk, and the recent
use of percutaneous and minimally invasive techniques is
associated with more radiation exposure [1].

The international committee on radiation Protection [ICRP]
has set the occupational exposure limit to 20mSv/year or
100mSv every five years. Per BOA guidelines, one year of
exposure should not exceed 50mSv. Within these limits, the
cancer risk is under 1 in 1000 over a working life of 47 years
[2]. According to the BOA, the dose exposure of the majority
of orthopaedic surgeons is under 2mSv/year - less than other
specialities, such as vascular surgery, interventional cardiology,
and interventional radiology [2-4].

The use of PPE in orthopaedic theatres during fluoroscopy is
vital in preventing the hazards of radiation. Studies have shown
that there is a lack of awareness among orthopaedic theatre
personnel regarding the safe use of fluoroscopy equipment and
PPE in preventing the hazards of radiation [5]. The participants
in the study were 49 healthcare professionals who are regularly
exposed to radiation in orthopaedic theatres. A questionnaire
was used to check their awareness regarding the safe use of
fluoroscopy in theatres, evaluate the level of PPE use, and
assess their knowledge of relevant guidelines, such as the BOA
recommendations and local trust policy.

Materials and Methods.

The study was conducted at two sites in an NHS trust: Worthing
Hospital and St. Richards Hospital. An online questionnaire
was developed and was completed by 49 healthcare personnel.
The participants included all grades of healthcare personnel:
surgeons, anaesthetists, theatre nurses, radiographers, Operating
Room technicians and others exposed to radiation. Patients and
other theatre staff not exposed to fluoroscopy were excluded
from the study.

The questionnaire was developed after discussion with senior
personnel and consisted of questions to check the level of
awareness. The study was conducted from June-July 2023.
The questionnaire had multiple choice questions and was sent
by email to healthcare personnel using the NHS email and was
filled online. The data analysis was done online as descriptive
univariate analysis.

The study was registered with the audit department of Worthing
Hospital with registration number 1871. The participation in
the study was voluntary and the questionnaire responses were
anonymous. Implied consent was applied in this study as by
filling the online questionnaire the participants gave their
consent to be included in the study.
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Results.

The study included different healthcare professionals - the
highest proportion of which comprised orthopaedic surgeons
(37%), followed by anaesthetists (27%), theatre nurses (14%),
radiographers (14%) and other healthcare professionals (8%).
A majority of participants (59%) were exposed to fluoroscopy
less than three times per week (Figure 1). Some participants
responded that they had never been exposed to fluoroscopy and
this data should not have been included in the results.

Type of PPE use:

The results showed that all participants used either a full lead
apron (80%) or a lead coat and skirt (20%). In the former group,
the majority of participants reported not using a thyroid shield
(60%). Of those who used a lead coat and skirt, there was a higher
proportion of thyroid shield use (14%) than without (6%) (Table 1).
Most of the participants never used lead eyeglasses (84%).

ROLES OF RESPONDENTS

Radiogra pr're:.i_
14%

Anaesthetists 27%

Surgeons
37%

Figure 1. Roles of various respondents in the operating theatre in
percentage.

Table 1. Type of PPE use among participants of the study.

Full lead apron Lead coat and skirt
(percentage) (percentage)
Without thyroid o o
shield 24 (48%) 3 (6%)
With thyroid o o
shield 16 (32%) 7 (14%)

Awareness and training:

Only 59% reported being fully aware of the radiation hazards
of fluoroscopy, and 49% of participants were aware of the
guidelines related to radiation safety. Less than halfreceived any
formal training on radiation safety (42%), and three participants
(6%) had never heard of this during their careers (Figure 2).

Technical knowledge:

Our audit assessed technical knowledge related to radiation
safety by including the following questions:

Q1) What is the main source of radiation for theatre staff
during fluoroscopy?
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AWARENESS OF RADIATION HAZARDS
FROM FLUOROSCOPY

AWARENESS OF GUIDELINES

Yes No

Maybe

50%
40%
30%

Fully 20%

Not
aware
6%

Figure 2. Awareness of hazards and guidelines among participants of
the study.

Technical knowledge

100%
90%
80%
70%

60%
50%
40%
30%
20%
10% l
0%
a1 Q2 a3 Q4 Qs Q6

mCorrect W Incorrect/didn’t know

Figure 3. Technical Knowledge as demonstrated by questionnaire
among participants of the study.

Q2) Which position is the safest and gives the best image?

Q3) Which of the following is a better technique to reduce
patient dose?

Q4) When using live screening, which mode is better?

Q5) If a person moves twice as far from the radiation source,
what will be the effect of radiation exposure?

Q6) What is the best practice regarding hand exposure to
radiation?

Suboptimal knowledge was deemed <80% of correct answers.
The results demonstrated suboptimal knowledge in all domains
assessed except for hand exposure (86.4%). Less than half of
the participants knew the direct effect of increasing distance on
radiation exposure (36.4%). This is pertinent knowledge as the
inverse square law states that increasing the distance twofold
reduces radiation exposure by 75% (Figure 3).

Discussion.

Although the carcinogenic effects of high and moderate levels
of radiation are well known, the effect of chronic low-dose
radiation is not. A study done of workers in nuclear facilities
demonstrated an increased mortality from solid tumour,
lymphoma, and leukaemia [5]. Although radiation exposure in
orthopaedic surgeons is low, there is a lack of longitudinal studies
on the effect of radiation exposure in orthopaedic surgeons [2].
Studies from other healthcare workers have shown an increased
risk of head and neck cancer and cataracts with exposure to
ionising radiation [6-8]. Some self-reported surveys of female
orthopaedic surgeons have shown an increased prevalence of
breast cancer [9-11]. In the operating room, the primary surgeon
has the highest exposure to radiation apart from the patient



[12]. Also, junior surgeons use more fluoroscopy than senior
experienced surgeons [13-15]. In our study only 59% of the
respondents reported being fully aware of the radiation hazards
of fluoroscopy, thus there was a clear lack of awareness of
adverse effects to exposure to radiation.

Some studies have shown that orthopaedic theatre personnel
lack knowledge and training in radiation safety. A nationwide
study based on an online survey among UK-based orthopaedic
surgeons found that 38% received no formal training on
radiation safety and poor use of radiation protection equipment
[3]. Another study in South Africa found that most orthopaedic
surgeons are unaware of radiation protection due to a lack of
training and there was under-utilisation of radiation protection
equipment [16]. In our study only 42% of the respondents
reported having formal training in radiation safety.

There have been a few guidelines provided by British
Orthopaedic Association (BOA) to reduce the exposure of
radiation on healthcare personnel. The BOA suggests the
following measures for radiation safety:

-Limit the time of exposure and prioritise distance and
shielding

-Correctly position the C-arm

-Remain vigilant of scatter radiation from patient and walls

-Avoid the beam during screening

-Avoid using the image intensifier in a true lateral position

-If lateral view is required, consider a 70-degree view to direct
the radiation away from the surgeon

-Avoid live screening

-Wear Personal Protective Equipment (PPE)

-Consider reducing the total number of images

Surgeons should use the following methods to avoid exposure
to the axilla and lateral chest wall,

-Remain perpendicular to the beam

-Set up screens in the appropriate position to avoid twisting

-Position the axilla further from the beam

-Avoid lateral view and keep arms down during screening

In our study, only 49% of participants were aware of the
guidelines related to radiation safety suggesting huge lack of
awareness of radiation safety guidelines. Also, there was lack
of technical knowledge as evidenced by participants failing to
correctly answer questions on how to reduce radiation exposure.
This study has highlighted the lack of awareness and training
among healthcare personnel on radiation safety. The proper
use of PPE can be encouraged by spreading awareness and
training on radiation safety. This will help prevent any health
hazards from radiation exposure among theatre staff. As efforts
to improve awareness, we distributed posters with illustrations
to educate healthcare personnel on radiation safety.

Limitations.

The limitation of the study was that we did not obtain equal
responses from all grades of operating room personnel. Most
of the responses were obtained from orthopaedic surgeons and
anaesthetists. Orthopaedic surgeons constituted 37 % among the
49 participants of the study.

Conclusion.

There has been a lack of awareness regarding the hazards of
radiation during the use of fluoroscopy in orthopaedic theatres
and an inadequate use of PPE, leading to the risk of radiation
exposure to theatre personnel. There has also been a lack of
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training on radiation safety among theatre personnel. The audit
highlights this lack of awareness of radiation safety guidelines
among theatre personnel, leading to suboptimal PPE use. The
practice can be improved by generating awareness through
proper training on radiation protection, which will enhance
radiation safety and prevent health hazards among theatre
personnel. The recommendations of this audit are mandatory
training on radiation safety, posters to improve awareness and
regular re-audits to monitor compliance to set standards.
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