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ABSTRACT

Obijective: Through an evaluation of the biological dose, we aimed to evaluate the risks of ionizing radiation to which physicians and auxiliary
healthcare personnel working in orthopedic operating rooms are exposed to via diagnostic use of fluoroscopy.

Methods: Blood samples were collected from physicians and auxiliary healthcare personnel working in the orthopedic operating room. The
biological dose was evaluated using micronucleus and dicentric analysis. To assess the effects of physical and chemical agents together, a total of
31,000 binucleate cells were evaluated using the micronucleus method and 16,500 metaphase plaques were evaluated using dicentric analysis,
which is accepted as the most important indicator in determining the effects of radiation.

Results: The study participants comprised 18 males and 5 females (16 physicians, 4 nurses, and 3 patient carers) with a mean age of 34.1 years
(range, 22-58 years) who were thought to have been exposed to ionizing radiation in the working environment. The mean duration of working
under ionizing radiation was 73.6 months (range, 1.5-420 months). In the blood samples, the total micronucleus frequency was determined as
8.8+1.4. In the evaluation of the 16,500 metaphysis plagues, radiation-specific dicentric was observed in 5 subjects (normal frequency: 5/10,000).
As a result of the analysis made use both methods, the dose was determined to be slightly above background level, and below risk level in 6
subjects. The dose was related with medical applications in 4 of these subjects.

Conclusion: Fluoroscopy should be attempted in the operating room within a restricted time as far as possible and at measurements of high
kV and low mA. kV-mA values are of utmost importance for providing the best results according to the nature of the operation; the tube outlet

is predefined away from the patient’s skin.
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INTRODUCTION

Fluoroscopy is a method of imaging frequently used in the
operating room environment that allows the operations to be
completed quickly and safely. X rays used in fluoroscopy con-
tain ionizing radiation, and this ionizing radiation is of great
health importance since it can damage biological systems, es-
pecially in cells when it, directly or indirectly, damages DNA, in
which all vital and hereditary information is contained. In direct
effect, the radiation energy directly breaks the chemical bonds
of DNA molecules, thus disrupting their structure. Indirectly,
however, it causes the formation of free radicals by performing
radiolysis on water molecules around the radiation molecule
(1-4).

lonizing radiation causes ionization of liquid and gaseous sub-
stances, while interaction of solid materials causes secondary

radiation to be emitted from these substances. Therefore, the
body parts of the patients irradiated with ionizing radiation and
the secondary radiation emitted from other solid substances
exposed to radiation will always be present in the environment.
Secondary radiation is a longwave radiation that can propagate
in all directions. Therefore, occupational radiation is the second-
ary radiation, and individuals working with medical radiation are
consistently exposed to it. Since the secondary radiation’s ca-
pability to penetrate is weak, it cannot penetrate the body and
becomes absorbed by the body. This radiation that is taken into
the body is a kind of energy in the physical sense. As a result,
this intake of such low-energy radiation into the body for years
can result in harmful effects on cells, tissues, organs, and body
systems. The symptoms of these harmful effects are becoming
more evident from the first decade, and the damage increases
over time (5, 6).
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To prevent health care staff risk their own health while trying to
improve the health of others, it is very important to identify the
risks and take precautions among the health care staff who use
radiation and radioactivity for diagnostic and therapeutic pur-
poses. In this study, we aimed to evaluate the biological dose on
physicians and assistant health care personnel working in ortho-
pedic operation rooms to measure the effect of ionizing radia-
tion caused by fluoroscopy used for diagnostic purposes in the
operating rooms.

METHODS

We requested the physicians, nurses, and caregivers working in
the Clinic of Orthopedics and Traumatology participate in our
study on a volunteer basis. Their verbal consents were obtained,
and our study was prepared in accordance with the Declaration
of Helsinki. First of all, participants in the study were given a sur-
vey that included demographic information. The first part of the
questionnaire consisted of general information. Participants were
asked questions about their smoking, alcohol, and caffeinated
beverage habits; drug use; metabolic diseases; and radiological
practices that they had been exposed to for diagnostic or thera-
peutic purposes. The second part of the questionnaire contained
information on their working environment: the duration and con-
ditions of working with the scoping device, the precautions taken
to protect from the radiation, and the ones who were thought to
be exposed to physical and/or chemical agents in the working
environment were analyzed in detail. Considering the answers
given in the questionnaire, individuals who exceeded the ef-
fective dose limit for a consecutive 5-year average or any year,
those who were on regular medication and with harmful habits
that could disrupt the blood values, and those with a metabolic
disease were not included in our study. People working in an
environment with a scoping device or those who declared that
they did not wear protective gowns were evaluated under the
category "Exposed to Radiation”.

Of the 23 participants in our study, 18 (78.2%) were male and 5
(21.8%) were female, and the average age was 34.1 (22-58). Of
our participants, 16 (69.5%) were physicians, 4 (17.4%) were nurs-
es, and 3 (13.1%) were caregivers.

Blood samples of the participants were taken into dysenteric
analysis for 48 hours and the micronucleus (MN) analysis for 68
hours. In the culture analysis, the RPMI1640 cell culture medium,
10% fetal bovine serum, and 1% penicillin—streptomycin were
used. Cells were induced with phytohemagglutinin. The slides
dyed with the Giemsa stain method were evaluated under a light
microscope (Olympus America Inc., Model No: B51, Center Val-
ley, PA, USA).

Finally, biological dosing was performed using the MN and dy-
senteric analysis methods from the blood samples taken from
the participants. The increase in the number of micronuclei was
regarded as an indirect indicator of the numerical and structural
chromosomal irregularities produced by the various agents in
the cells. A total of 31,000 binucleate cells and 16,500 metaphase

plaques for the analysis of the dysenterics were evaluated for
this method, which allowed evaluating the effects of physical or
chemical agents.

RESULTS

The average time during which the subject personnel were ex-
posed to ionizing radiation in the working environment was 73.6
(1.5-420) months.

According to the results of a MN analysis, the total MN frequency
of the study group was determined as 8.8+1.4. Five individuals
had the MN frequency above the background level.

A metaphase analysis was performed on 16,500 metaphase
plaques (Table 1) (Figures 1-3). In the obtained data, é persons
were observed to be radiation-specific dysenteric (natural fre-
guency 5/10000). Of these, the biological doses of 4 were identi-
fied with medical applications. It was concluded that only 2 phy-
sicians (9 and 10) were exposed to low-dose radiation (Table 2).

As a result of the analysis that used both methods, 6 (26.1%) sub-
jects were determined to have slightly above-the-background
level and below-the-risk-level dose.

DISCUSSION

A total of 88% of the ambient radiation we are exposed to in
our daily lives is natural radiation emitted by the sun rays, cosmic
rays, and radioactive substances, whereas 12% is the artificial ra-
diation generated by medical radiation, waste, consumer prod-
ucts, occupational exposure, and radioactive fallout. A significant
portion of this artificial radiation is includes medical radiation, at
96.6% (1).

Apart from patients, one of the most important groups affected
by medical radiation is the health care personnel working with
ﬂuoroscopy in the operating room environment. Doctors, nurses,
and assistant health care personnel in this group are exposed
to radiation at different durations and doses. Although the use
of personal protective equipment is compulsory, sometimes the
doses received by persons can exceed the permitted limits due
to the inadequate and insufficient use of the personal protective
equipment and the necessities arising during the operation. In
this case, it is more likely that people will be more affected by
the damaging effects of radiation than they are supposed to be
(7, 8). For this reason, various methods have been developed to
determine the exposure level of radiation workers. First of all,
radiation workers have to carry dosimetry regularly. By check-
ing these dosimeters at regular intervals, the dose received by
the individual is monitored. Another approach is to determine
how people are affected by radiation biologically at the cellular
level. The most commonly used methods are the MN method
and the analysis of dysenteric chromosomes. The MN testing has
become a widely used technique in the detection of cytogenetic
damage, with the advantage that it can be more easily applied
compared to chromosome analysis, that it has more cell counts,
and more meaningful statistical results (9-18).
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Table 1. Detailed analysis of personnel thought to be exposed to physical and/or chemical agents in the working environment

Working Physical Chemical

No Age S Occupation Period Agent Agent
1 58 M  Physician 32 year No No
2 38 F Nurse 18 year No Yes
3 42 M  Physician 15 year Yes Yes
4 36 M  Physician 10 year Yes Yes
5 37 M  Physician 10 year No Yes
6 39 M  Physician 5 year Yes Yes

33 M  Physician 5 year No Yes

30 M  Physician 5 year Yes Yes
9 31 M  Physician 4,5 year Yes Yes
10 35 M  Physician 4 year Yes Yes
11 26 M  Physician 3year Yes Yes
12 27 M  Physician 3year No Yes
13 28 F  Physician 3 year No Yes
14 32 M  Physician 3 year Yes Yes
15 45 M  Caregiver 2 year No Yes
16 39 F Nurse 2 year No No
17 43 M Caregiver 18 months No No
18 25 M  Physician 1 year Yes Yes
19 30 M  Physician 1 year No Yes
20 22 F Nurse 9 months Yes Yes
21 30 M Caregiver 8 months Yes Yes
22 25 M  Physician 4 months Yes Yes
23 22 F Nurse 1.5 months No Yes

CT: computed tomography; PA: posterior-anterior X-ray; MN: micronucleus; S: sex

Initially used to detect the effects of physical agents, the MN was
used to determine the damage on genetic material caused by
the radiological accident that took place in Goidnia (Brazil) on
September 13, 1987. A very significant increase in the MN fre-
quency due to the dose of ionizing radiation was observed, and
it was suggested that the MN test be used as a biological dosim-
eter. In addition, the cytogenetic changes in people exposed to
Goiania accident were evaluated considering not only by ionizing

MN  Dysenteric Comment
9/1200 0/500  MN frequency is within natural limits
10/1000  0/500  MN frequency is within natural limits
36/2500  1/2000 04 MN (Scoping)
0.008 Dic
17/1000 1/1000  0.04 Gy MN (scoping)
0.012 GyDic (X-Ray+scoping)
8/1000 1/2000  MN frequency is within natural limits
0.005 GyDic (3 PA graphy)
7/1000 0/500  MN frequency is within natural limits
7/1000 0/500  MN frequency is within natural limits.
Due to past exposure to radiation
applications, more than one MN in one
cell and a high acentric ratio were
observed.
14/1000  0/500  0.02 Gy MN (CT+PA X-Ray)
48/3000  1/1500  0.04 MN (scoping)
0.005 Dic (scoping)
10/1000  2/2500  MN frequency is within natural limits
0.01 Gy (CT)
12/2500  0/500 MN frequency is within natural limits
10/1250  0/500  MN frequency is within natural limits
7/1550 0/500  MN frequency is within natural limits
12/2500  0/500  MN frequency is within natural limits
10/1000  0/500  MN frequency is within natural limits
7/1000 0/500  MN frequency is within natural limits
(more acentric graphy)
9/1000 0/500  MN frequency is within natural limits
12/1500  0/500  MN frequency is within natural limits
5/1000 0/500 MN frequency is within natural limits
5/1000 0/500  MN frequency is within natural limits
(more acentric graphy)
6/1000 0/500  MN frequency is within natural limits
8/1000 0/500  MN frequency is within natural limits
7/1000 0/500  MN frequency is within natural limits

radiation, but also the other factors such as age and lifestyle (al-
cohol consumption, smoking) (19).

In our study, apart from the MN method that allowed us to evalu-
ate the effects of physical and chemical agents together, we also
studied metaphase plaques for dysenteric analysis, which is con-
sidered to be the most important indicator in determining the ef-
fects of radiation. Although we found the average MN frequency
for the control group to be similar to the mean values of total
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MN frequencies in the blood of the participant’s, it was extremely
important that we observed the radiation specific dysenteric in
5 individuals, and the analysis of both methods showed that the
radiation dose determined in 6 (26.1%) participants was slightly
above the background level and below the risk level. We associ-
ated 4 (17.4%) of these participants with medical applications.
The result we have achieved is that the exposure to ionizing
radiation in the orthopedic operating room on a daily basis is
at a level that needs serious attention. The limits of our study
were that it was conducted with a limited number of orthope-
dic operating room personnel, and although we knew how long
the participants had been working in the subject environment in

terms of years, the exact amount of ionized radiation that they
were exposed to during this period was not known in detail, and
the participants’ protection from radiation was not standardized.
However, to the best of our knowledge, our study was the first
to have been performed specifically on orthopedic operating
room personnel, and their average working history being over
5 years have made our study valuable. At this point, it can easily
be inferred that the staff working with fluoroscopy should be in
the same category as radiology or radiation oncology personnel
who are to carry a dosimeter, and their portable dosimetry is to
be recorded.

The inclusion criteria were the following: working in the operat-
ing room environment; no smoking, alcohol, or caffeinated bev-
erage habits; having no chronic drug use; having no metabolic
diseases; and not being exposed to any radiological practices for
diagnostic and/or therapeutic purposes. Those who exceeded
the average effective radiation dose limit in a consecutive 5-year
period or in any year, those who were on a regular medication
and who had harmful habits that could disrupt their blood values,
and those who had metabolic diseases were excluded from the
study.

CONCLUSION

It is very important to make the necessary measurements and to
use the radiation in a controlled manner to ensure the radiation
safety of individuals who use ionizing radiation resources and
who are exposed to it in an environment. The dose taken by the
patient in a scoping examination ranges between 0.05 or 0.1 Gy
per minute, and the total dose taken by those in the environment
might be very large if the session gets longer than it should be
(20, 21). For this reason, a time limit should always be used, and
this limit must be observed. A high kV and low mA should be
used under possible limits. The most effectual kV/mA values for
different patient thicknesses and tube output and patient skin
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Table 2. Cases with above average mononuclear cell incidence

Working Physical Chemical

No Age S Occupation Period Agent Agent
3 42 M  Physician 15 years Yes Yes
4 36 M  Physician 10 years Yes Yes
5 37 M  Physician 10 years No Yes

30 M  Physician 5 years Yes Yes
9 31 M  Physician 4.5years Yes Yes
10 35 M  Physician 4 years Yes Yes

MN: micronucleus; CT: computed tomography; PA: posterior—anterior X-Ray; S: sex

distances should be predetermined. Without compromising the
diagnostic objective, the general rule should be to apply as little
ionizing radiation as possible and to comply with all the require-
ments of ionizing radiation.
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