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Abstract
Purpose: Orthopaedic surgeons are at potential risk to suffer from radiation exposure. The radiation
exposure has increased due to minimal invasive and complex orthopaedic procedures. This study
evaluates the level of knowledge of orthopaedic surgeons regarding radiation safety and prevention.

Methods: A survey consisting of 17 questions was conducted among the 519 orthopaedic surgeons. The
orthopaedic surgeons were contacted via mobile or email and the data was analysed.

Results: Total of 542 responses were received and 23 were excluded due to incomplete responses. The
result depicted, only 5% of the orthopaedic surgeons were aware of the ALARA/ALARP principles. Only
45% of the surgeons were right about the collimated image acquisition. None of the surgeon used
dosimeter in the study. Most of the surgeons (40%) were not aware of the in�uence of C-Arm orientation
on the scattered radiation. The protective gears were used by 75% of the orthopaedic surgeons and 5%
used it occasionally. A lead apron is used by all the orthopaedic surgeons using the protective gear
whereas only 15% used thyroid shield additionally. Only 5% of orthopaedic surgeons had some training in
radiation safety and protection.

Conclusion: The study demonstrates the level of knowledge regarding radiation safety and consequences
among orthopaedic surgeons. The study depicts the need for proper and appropriate training required by
the orthopaedic surgeons. Further extensive and elaborate studies are required to ascertain the radiation
safety as a part of the training programme of the orthopaedic surgeons. 

Introduction
The use of �uoroscopy in orthopaedics is age-old and as well as inevitable. Various orthopaedic
procedures are requiring the use of �uoroscopy leading to radiation exposure [1–3]. The risk of exposure
has increased with the advent of minimal invasive and complex procedures. Radiation exposure remains
a signi�cant occupational hazard to the orthopaedic surgeon throughout their career [4]. It is utmost
important to know about radiation safety and prevention. Surgeons are potentially at risk of side effects
from the radiation. The study aims to assess the level of knowledge among orthopaedic surgeons.

Materials And Method
The study was conducted in 2020 with help of questionnaire formed in Google docs (Form 1). The
Questionnaire was sent to the orthopaedic surgeon via mobile and emails. The study included all the
orthopaedic surgeon including the residents, fellows and various other professors involved in various
orthopaedic sub-specialities. The study was performed for over 3 months. Incompletely �lled forms were
not included in the study.

The questionnaire consisted of �fteen single option questions with two multiple option question. There
was one image related question in the study. The question ranges from the descriptive data of the
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surgeon and various questions regarding the knowledge of radiation safety and consequences. 542
orthopaedic surgeons participated in the survey but 23 were excluded due to incomplete forms. The data
was analysed and depicted with help of pie charts and other diagrams in terms of whole numbers.

Results
The data was collected from the 519 �lled forms by the various orthopaedic surgeons. The result
depicted that 47% were junior residents, 35% were senior residents, 12% were assistant/associate
professor and rest were professors. Few questions depicted the level of expertise of the surgeons in the
study. The 55% of the surgeons operate 1–2 days per weeks whereas 40% operates for 3–4 days per
week and rest 5% operates for 5–6 days per week. The study depicts the volume of surgeries done by the
study population. The 60% of the surgeon performed 1–3 surgeries per operating day and 35% did 4–6
surgeries per operating days. Only 5% of the surgeons were performing 7–10 surgeries per operating day.
The use of C-Arm is the main source of radiation in orthopaedic operating rooms. The study depicts 60%
(312) of the surgeon did 1–2 surgeries requiring C-Arm per operating day. Only 5% of the surgeons used
C-arm in 5–6 surgeries done per day and rest 35% of surgeons used C-Arm in 3–4 surgeries per operating
day. The study demonstrates interesting data that 25% (130) of orthopaedic surgeons took > 200 C-Arm
images per operating day. This was inversely correlated to the experience of the surgeon (P > 0.005).
Mostly (65%) the C-Arm is operated by the doctors and only 20% were operated by trained technicians.
Only 5% (26) of the orthopaedic surgeons were aware of the ALARA/ALARP principles. The distance from
C-Arm depicts 60% (313) of the surgeons were within 1 feet distance. Only 45% of the surgeon was right
about the collimated image acquisition. None of the surgeon used dosimeter in the study. Most of the
surgeons (64%) were not aware of the in�uence of C-Arm orientation on the scattered radiation (Fig. 1).
The protective gears were used by 75% (390) of the orthopaedic surgeons and 5% used it occasionally
(Fig. 2). A lead apron is used by all the orthopaedic surgeons using the protective gear whereas only 25%
used thyroid shield and 3% used protective eye gear additionally (Fig. 3). The 90% (468) of the surgeons
agreed that closed nailing surgery had more radiation exposure than the open nailing technique. The
permissible limit of radiation exposure was known by 45% of the orthopaedic surgeons. The gonads were
depicted as the most exposed part to scattered radiation by 45% of the surgeons, followed by the thyroid.
Only 5% (25) orthopaedic surgeons had some training in radiation safety and protection.

Discussion
Ionising radiation is a potential risk factor for the various healthcare worker [4]. The most exposed
medical professionals include cardiologist, orthopaedic surgeons and radiologists [5]. There are potential
side effects of radiation exposure hazards ranging from dermatitis to malignant diseases [6]. In this
study, the knowledge among the orthopaedic surgeon is evaluated regarding the safety and
consequences of radiation exposures. Similar studies [7] were performed but none regarding the Indian
population involving such questions. The use of intra-operative �uoroscopy is indispensable in most of
the orthopaedic surgeries and procedures. With the advent of more complex and minimal invasive
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surgeries, the use of �uoroscopy has increased many folds [8]. The surgeries like closed intramedullary
nailing, MIPPO (Minimal Invasive Percutaneous Plate Osteosynthesis), Minimal invasive surgeries in the
spine and so on has become standard and need of the hour. The 90% of the orthopaedic surgeons in this
study agreed that closed femur nailing leads to more radiation exposure compared to open femur nailing
technique (Question 14). There has been development in the �uoroscopy machines like C-Arm to provide
3D imaging intra-operatively. The Operating Room (OR) personnel including technicians and surgeons are
exposed to such radiation risk on daily basis. But the surgeons, in particular, are unaware or ignore the
radiation safety measures during surgical procedures. Although previous studies ascertained that the
amount of occupational radiation exposure for surgeons who used C-arm �uoroscopy was below the
safe limit determined by the International Commission on Radiation Protection [9, 10]. Still, it is important
to have knowledge about radiation exposure and consequences.

In this study, we evaluated the knowledge of Indian orthopaedic surgeons regarding the protocols of
radiation exposure, safety and consequences. The study involved various level of orthopaedic experts
(trainees to professors) performing various types of surgeries in a different clinical setup. The surgeons
in the study had varying operating days with different surgeries requiring C-Arm. Depending on the level
of expertise as the type of surgery, the number of images taken by the C-Arm varies (Question1-5). The
study correlated to the previous study [11] depicting the more experienced surgeon used a smaller
number of �uoroscopy images thus reducing the radiation hazard.

The radiation exposure has both deterministic (dose-dependent) as well as stochastic (dose-independent)
effects [12–14]. Although there is no deterministic effect seen among the orthopaedic surgeons but the
stochastic effect can occur in the short or long term. The use of dosimeter for individuals exposed to a
dose of > 6mSv annually is mandatory [9]. The study depicted no orthopaedic surgeon wore dosimeter
while being exposed to the radiation (Question 10). It shows the lack of the surgeon as well as
institutional support or aware regarding radiation safety. The dosimeter not only measures the level of
exposure but also prevent the surgeon from overexposing. The study demonstrates that 25% of the
surgeon took more than 200 C-Arm images per operating day. The surgeons are mostly exposed to the
scattered radiation from the C-Arm. Thus, it is important to prevent this exposure rather than direct
radiation exposure. This can be done using various methods.

Firstly, reducing the number of inappropriate images. Operating the C-Arm appropriately is important to
reduce unwanted radiation exposure [15]. The trained personnel should operate the C-Arm to minimise
inappropriate X-ray images. It not only helps to reduce the suboptimal exposed images but also
inappropriate positioning of the C-arm. The study depicted that out of all the personnel operating the C-
Arm only 20% are trained technicians whereas 65% are the doctors (Question 6). The scattered radiation
from the C-Arm also depends upon the orientation of the machine. Mostly the C-Arm is oriented vertically
with an X-ray tube below the operating table and image intensi�er above the patient. This keeps the
scattered radiation below the level of the operating table. The horizontal oriental orientation of the C-Arm
produces more scattered radiation [16] and that too above the waist height of the surgeons. Thus,
causing more radiation exposure to the persons in the operating room. Only 36% of the surgeons were
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aware of this fact and mostly (64%) surgeons had no correct knowledge regarding this (Question 11). The
collimation of the C-Arm also affects the amount of radiation [17]. Actively collimating to the volume of
interest reduces the overall integral dose to the patient and thus minimises the radiation risk. Less volume
irradiated will result in less X-ray scatter on the detector. This was well known to 45% of the surgeon in
the study (Question 9).

Secondly, the use of protective gears by surgeons [18]. Studies have shown that the use of proper
protection reduces a doctor’s radiation exposure by 90% [19]. This study demonstrates 75% of the
orthopaedic surgeons used some kind of protective gears always while doing the surgeries. Whereas 25%
of the surgeon did use some protective gear occasionally (Question 12). This may be accounted to the
specialised orthopaedic procedures not requiring much C-Arm images or ignorance on part of the
surgeons. All the orthopaedic surgeons (100%) used lead apron as the protective gear whereas only 25%
used thyroid shield and 3% used protective eye gear additionally (Question 13).

Thirdly, the knowledge of radiation safety and consequences is utmost important. It was interesting to
note that only 5% of the orthopaedic surgeon was aware of ALARA/ALARP criteria (Question 7). The
ALARA (As Low As Reasonably Achievable) radiation safety principle is based on the minimization of
radiation doses and limiting the release of radioactive materials into the environment by employing all
reasonable methods [20]. ALARP (As Low As Reasonably Practical) is a process where the onus is to
carry out measures to reduce radiation risk unless it can be demonstrated that it is not reasonably
practicable to do so. This depicts the lack of training as most of the study population consists of
residents. A greater distance from the radiation source can reduce radiation exposure [21, 22]. The
amount of radiation exposure is inversely proportional to the square of the distance [23]. Due to the
obvious nature of the occupation, 60% of the orthopaedic surgeons were within 1 foot of the C-Arm
whereas rest were within 2–5 feet distance (Question 8).

The study revealed a lack of training among the orthopaedic surgeons regarding the radiation safety
protocols. The International Commission on Radiological Protection [24] has established the standards
for radiation protection including the dosage limits. Only 45% of the surgeons were aware of the
permissible radiation exposure limits (Question 15). Whereas only 45% of the surgeons in this study
pointed gonads as the most exposed part to the scattered radiation followed by the thyroid (Question 16).
Previous studies depicted hands as most exposed part to the radiation though thyroid and gonads are
sensitive to the radiation [25]. Whereas only 5% of the orthopaedic surgeon had training in radiation
safety protocols (Question 17).

The study depicted the lack of adequate and appropriate knowledge among the Indian orthopaedic
surgeons regarding the proper radiation safety protocols and consequences.

Limiting factor of this study: Small study population, study population does not depict the whole of
orthopaedic surgeon population and more elaborate studies are required. The radiation hazard and long-
term follow-up were not included in the study.
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Conclusion
The study demonstrates the level of knowledge regarding radiation safety and consequences among
orthopaedic surgeons. The study depicts the need for proper and appropriate training required by the
orthopaedic surgeons. Further extensive and elaborate studies are required to ascertain the radiation
safety as a part of the training programme of the orthopaedic surgeons.

Declarations
i. Funding (information that explains whether and by whom the research was supported): None

ii. Con�icts of interest/Competing interests (include appropriate disclosures): None

iii. Ethics approval (include appropriate approvals or waivers): Taken from Ethics Committee

iv. Consent to participate (include appropriate statements): Not applicable

v. Consent for publication (include appropriate statements): Not applicable

vi. Availability of data and material (data transparency): Yes

vii. Code availability (software application or custom code): Not applicable

viii. Authors' contributions:

Dr Bushu Harna: Writing the manuscript

Dr Shivali Arya: Data collection

Dr Jaikaran: Data collection and writing the manuscript

Dr Palash Gupta: Data collection and writing the manuscript

Dr AK Gupta: Review the manuscript

References
1. Pillai A, Jain M. (2004) Dose area product measurement in orthopaedic trauma. An attempt at

establishing a local diagnostic reference level. Radiography 10(2):103–107.

2. Patel NG, Mohamed AM, Cooper G, McFadyen I. (2014) Ionising radiation exposure in paediatric
trauma. Ann R Coll Surg Engl 96:190–193.

3. Salvia JC, de Moraed PR, Ammar TY, Schwartsmann CR. (2015) Fluoroscopy duration in orthopaedic
surgery. Rev Bras Ortop 46(2):136–138.



Page 7/9

4. Giordano BD, Grauer JN, Miller CP, Morgan TL, Rechtine GR II. (2011) Radiation exposure issues in
orthopaedics. J Bone Joint Surg Am 93(12):e69-1–e69-10. doi:2106/JBJS.J.01328

5. Singer G. (2005) Occupational radiation exposure to the surgeon. J American Academy Orthopedic
Surg 13(1), 69–76.

�. Kesavachandran CN, Haamann F, Nienhaus A. (2012) Radiation exposure of eyes, thyroid gland and
hands in orthopaedic staff: a systematic review. European journal of medical research 17(1):28.

7. Tunçer N, Kuyucu E, Sayar Ş, Polat G, Erdil İ, Tuncay İ. (2017) Orthopedic surgeons’ knowledge
regarding risk of radiation exposition: a survey analysis. SICOT-J. 3.

�. Gowda SR, Mitchell CJ, Abouel-Enin S, Lewis C. (2019) Radiation risk amongst orthopaedic
surgeons–Do we know the risk? Journal of perioperative practice 29(5):115-21.

9. Mesbahi A, Rouhani A. (2008) A study on the radiation dose of the orthopaedic surgeon and staff
from a mini C-arm �uoroscopy unit. Radiat Prot Dosimetry 132(1), 98–101.

10. Sanders R, Koval KJ, DiPasquale T, Schmelling G, Stenzler S, Ross E. (1993) Exposure of the
orthopaedic surgeon to radiation. J Bone Joint Surg [Am] 75, 326–330.

11. Botchu R, Ravikumar K. (2008) Radiation exposure from �uoroscopy during �xation of hip fracture
and fracture of ankle: Effect of surgical experience. Indian J Orthop 42(4):471-73.

12. Quinn AD, Taylor CG, Sabharwal M, Sikdar T. (1997) Radiation protection awareness in non-
radiologists. Br J Radiol 70, 102–106.

13. Wagner LK, Eifel LK, Geise RA. (1994) Potential biological effects following high X-ray dose
interventional procedures. J Vascular Interventional Radiology 5, 71–84.

14. Brenner DJ, Doll R, Goodhead DT. (2003) Cancer risks attributable to low doses of ionizing radiation:
assessing what we really know. Proc Natl Acad Sci USA 100, 13761–13766.

15. Rashid MS, Aziz S, Haydar S, Fleming SS, Datta A. (2018) Intra-operative �uoroscopic radiation
exposure in orthopaedic trauma theatre. European Journal of Orthopaedic Surgery & Traumatology
28(1):9-14.

1�. Lester JD, Hsu S, Ahmad CS. (2012) Occupational Hazards Facing Orthopedic Surgeons. Am J
Orthop 41(3):132-39.

17. Badman BL, Rill L, Butkovich B, Arreola M, Griend RAV. (2005) Radiation Exposure with Use of the
Mini-C-Arm For Routine Orthopaedic Imaging Procedures. J Bone Joint Surg Am 87(1): 13-17.

1�. Dewey P, George S, Gray A. (2005) Ionising radiation and orthopaedics. Curr Orthop 19:1–12.

19. Rehani MM, Ciraj-Bjelac O, Vañó E, Miller DL, Walsh S, Giordano BD, Persliden J. (2010) Radiological
protection in �uoroscopically guided procedures performed outside the imaging department. ICRP
40(6), 1–102.

20. Giuseppe Mastrangelo1, Ugo Fedeli1, Emanuela Fadda1, Angelo Giovanazzi2, Luca Scoizzato1 and
Bruno Saia1. (2005) Occupational Medicine 55:498–500.

21. Lee K, Lee KM, Park MS, Lee B, Kwon DG, Chung CY. (2012) Measurements of surgeons’exposure to
ionizing radiation dose during intraoperative use of C-arm �uoroscopy. Spine 37(14):1240-1244.



Page 8/9

22. Tsalafoutas IA, Tsapaki V, Kaliakmanis A, Pneumaticos S, Tsoronis F, Koulentianos ED, Papachristou
G. (2008) Estimation of radiation doses to patients and surgeons from various �uoroscopically
guided orthopaedic surgeries. Radiation protection dosimetry 128(1):112-9.

23. Bushberg JT, Seibert JA, Leidholdt EM Jr, Boone JM. (2011) The Essential Physics of Medical
Imaging, ed 3. Philadelphia, PA, Lippincott, Williams & Wilkins.

24. International Commission on Radiological Protection: ICRP Publication 60: 1990 Recommendations
of the International Commission on Radiological Protection. (1991) Ann ICRP 2:1–3.

25. Mahajan A, Samuel S, Saran AK, Mahajan MK, Mam MK. (2015) Occupational radiation exposure
from C arm �uoroscopy during common orthopaedic surgical procedures and its prevention. Journal
of clinical and diagnostic research: JCDR 9(3):RC01.

Figures

Figure 1

The pie chart depicting the surgeon opinion on the position of C-Arm and maximum scattering of X-rays.
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Figure 2

The pie chart depicting the percentage of surgeons using protective gear while using C-Arm

Figure 3

The bar graph depicting the distribution of various protective gears used by the surgeons


