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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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SAFE USE OF FLUOROSCOPY AND PERSONAL PROTECTION EQUIPMENT IN 
TRAUMA & ORTHOPAEDICS
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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-

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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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 

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%).

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 
(percentage)

Lead coat and skirt 
(percentage)

Without thyroid 
shield 24 (48%) 3 (6%)
With thyroid 
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 half received 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?

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

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

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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