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ABSTRACT
Background: The use of mini C-arm is required in many orthopedic surgeries as an image-
Article info: guided tool. Studies have shown an unnecessarily high dose to patients if exposures are not
13 Jul 2019 : properly optimized. Also, scatter radiation to personnel may increase the risk of cancer if an
19 Sep 2019 appropriate protective device is not used.
27 Mar 2020

:  Objectives: This study aims to determine the patient’s dose and scatter radiation to the surgeon,
01 May 2020 : anesthetist, and scrub nurse. Also, a comparison will be made with other studies on this topic.

Methods: A phantom was designed to simulate a patient on the operating table to produce scatter
radiation. In the same vein, a mobile mini C-arm unit was positioned with the x-ray tube beneath
the head and the image receptor above the operating table. Measurements were made with a
measuring tape from the central axis to the position of the surgeon, anesthetist, and scrub nurse.
The Entrance Surface Dose (ESD) was determined by placing the electronic dosimeter at the
surface of the phantom to estimate the patient dose. Similarly, each personnel dose/dose rate from
the central axis was determined using a similar detector.

Results: The total average time for most orthopedic surgeries in the studied facility was 3.3

minutes. The estimated ESD to the patient was 25.03 pSv and the scatter radiation per patient

. reaching the simulated anesthetist, scrub nurse, and surgeon was, 3.75, 3.59, and 7.72 uSy,

Keywords: . respectively. The estimated dose values per year to anesthetist, scrub nurse, and surgeon were

Simulation, Orthopedic, 390, 373.36, and 802 puSv, respectively.

Radiation dose, Exposure, . Conclusion: The personnel recommended limit dose rate was <20000 pSv/y. The technical
Personnel, Protective . factor used and total exposure time from this study could have affected the radiation dose. This
device, Entrance surface . Study showed that personnel was safe even without the use of lead apron. Nevertheless, the use
dose :  of an appropriate protective device should be encouraged to ensure safety.
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1. Introduction

rthopedic reconstructive or replacement
surgeries have evolved and improved over
the years with the advent of sophisticated
imaging modalities like the mini C-arms
with real-time imaging (Figure 1). With
this recent development, many surgeries
could be operated with greater ease, less
time, and fewer patient complications. The outcomes are
enhancing the technical proficiency of the surgeon with
good results and better management of their patients [1-
4]. At present, over 4000 x-ray units are used in Nigeria.
Also, there is a hand full of orthopedic units in federal and
state teaching hospitals, as well as private centers across
the country where either a large or mini C-arm is used [5].
Besides, the number of medical specialists in other areas
of medicine using fluoroscopy is immerging. However,
studies indicate poor knowledge about exposure to radia-
tion, its detrimental effect, and associated long-term risk,
using C-arm fluoroscopy [6-8].

Generally, the primary beam from the tube head of the
x-ray unit reaches the patient directly, with higher intensity
compared with the scattered radiation reaching the person-
nel. For most orthopedic surgeries, the chances of deter-
ministic effects of radiation are low compared with high
dose procedures like cardiac studies. A lot of investiga-
tions on the impact of radiation to orthopedic surgeons and
support staff using the C-arm have revealed that radiation
doses incurred are far lower than the International Com-
mission on Radiological Protection (ICRP) allowed limits.

Reported doses during various orthopedic procedures
are usually below international standards, either as dose
equivalent (which is a measure of biological damage that
is calculated by multiplying absorbed radiation dose by
a quality factor for the type of radiation involved) and ef-
fective dose (which represent the stochastic health effects
of a low level of ionizing radiation on the human body,
which represents the probability of radiation-induced can-
cer and genetic damage). Orthopedic surgeons receive ra-
diation arising from primary (direct) and scatter radiation.
The hands are most likely exposed directly to ionizing
radiation during fluoroscopy screening [9-11]. Other or-
gans with high radiosensitivity that are exposed to scatter
radiation are the eye lens, thyroid, and gonads [12].

2. Methods

This retrospective study was carried for one month us-
ing the main hall of the hospital where the C-arm was lo-
cated. The purpose is to enhance the technical proficiency
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of the orthopedic surgeons during their operations with
a real-time imaging system. Personnel recruited for this
study involved orthopedic surgeons, scrub nurses, and a
medical physicist for dose measurements. A Philips BV
Endura R2.3 single-phase and mobile fluoroscopic unit
was used for this study. A phantom was locally designed
to mimic the patient’s position on the operating table as
demonstrated in Figure 2. Various positions are assumed
by personnel to estimate radiation dose by positioning
the detector at various points. The points were assumed
to be where the patients lie and personnel stand.

The Source To Patient Distance (SPD) was 0.5 m, cen-
tral-axis to anesthetist (CA) was 0.75 m, central-axis to
scrub nurse (CS n) was 0.87 m and central-axis to the
surgeon (CS g) was 0.5 m. Similarly, the beam-on time
was assumed to be the actual time exposure. An inspector
USB survey meter and an NT6200 Electronic Dosimeter
were used for radiation measurements. The inspector is a
health and safety instrument to detect low levels of radia-
tion. It is designed to measure alpha (o) and beta particles
(B), gamma rays (y), and x-ray radiation (ionizing radia-
tion only). It can work in milliroentgen per hour (mR/h)
and count per minute (cpm) or SI unit of microsievert
per hour (uSv/h) and count per seconds (cps). Also, the
technical parameters for the NT6200 Electronic Dosim-
eter can measure x-ray, v, and 3 particles. The equivalent
dose rate is calibrated to work from 0.01 uSv/h to 100
mSv/h. Similarly, the radiation equivalent dose is 0.01
uSv to 9999 Sv. The energy ranged from 40 KeV to 3.0
MeV. Since x-ray quality factor=1, then microsievert and
microGrays units can be used interchangeably. The aver-
age technical factor used was 43 kVp and 4 mAs.

3. Results

The maximum and minimum measured mean dose
rates to the patient were 451.2 uSv/h and 272.4 uSv/h at
3.33 and 0.67 minutes exposure time, respectively. The
mean scatter dose to the patient was estimated at 25.03
uSv/case and 3.04 pSv/case, respectively (Table 1).
Similarly, the maximum and minimum measured scatter
mean dose rates to the anesthetist was 67.6 uSv/h and
35.6 uSv/h at 3.33 and 0.67 minutes exposure time, re-
spectively. The mean scatter dose reaching the anesthe-
tist without protective apron was estimated at 3.75 pSv/
case and 0.4 pSv/case, respectively (Table 2).

In the same vein, the total maximum and minimum mea-
sured scatter mean dose rates to the scrub nurse was 64.8
uSv/h and 26.4 puSv/h at 3.33 and 0.67 minutes exposure
time, respectively. The mean scatter dose reaching the
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Table 1. Estimated dose to patient
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SPD (m) Total Time (Minutes) Measured Dose Rate (uSv/hr) Dose/Case (uSv)
0.5 3.33 451.2 25.03
0.5 0.67 272.4 3.04
SPD = Source to Patient Distance 5#%};&1% Science
Table 2. Estimated dose to Anesthetist
CA (m) Total Time (Minutes) Measured Dose Rate (uSv/hr) Dose/Case (1Sv)
0.75 3.33 67.6 3.75
0.75 0.67 35.6 0.4
CA = Central-axis to Anesthetist Orth”opedtc Science

scrub nurse without a protective apron was estimated at
3.59 pSv/case and 0.29 pSv/case, respectively (Table 3).

The maximum and minimum total measured scatter
mean dose rates to the surgeon was 139.2 uSv/h and
121.88 uSv/h at 3.33 and 0.67 minutes exposure time,
respectively. The mean scatter dose reaching the surgeon
was estimated at 7.72 uSv/case and 1.33 pSv/case (with-
out protective apron), respectively (Table 4).

The average dose impacted a total of 104 patients per
year for the average maximum time of 3.33 minutes was

Figure 1. Schematic diagram of a C-arm, patient and radiation scattering effect

estimated as 2603 pSv/y. The estimated average dose
values to the surgeon, anesthetist, and scrub nurse per
year were 802, 390, and 373.36 uSv/y, respectively.

4. Discussion

Orthopedic interventional procedures result in unavoid-
able radiation exposure to patients and personnel due to flu-
oroscopy exposure. The use of Electronic Dosimeter (ED)
has become more popular because of the display of dose in
real-time compared with Thermoluminescent Dosimeters
(TLDs), which involves the use of a thermal stimulator be-
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1. Mini C-arm; 2. Surgeon; 3. Anesthetist; 4. Scrub nurse; 5. Phantom

Figure 2. Positions of personnel in the orthopedic suit Orthopedic Science
Table 3. Estimated dose to Scrub nurse
CSn (m) Total Time (Minutes) Measured Dose Rate (uSv/hr) Dose/Case (1Sv)
0.87 3.33 64.8 3.59
0.87 0.67 26.4 0.29
CSn = Central-axis to Scrub nurse o
Orthopedic Science
Table 4. Estimated dose to surgeon
CSg (m) Total Time (Minutes) Measured Dose Rate (uSv/hr) Dose/Case (uSv)
0.5 3.33 139.2 7.72
0.5 0.67 121.88 1.33

CSg = Central-axis to Surgeon

fore dose can be determined. However, the latter till stands
out as a “gold standard” for personal dosimetry [13, 15].

There were variations in personnel positions (surgeon,
anesthetist, and scrub nurse) from the central-axis of the
mini C-arm unit (0.5, 0.75, and 0.87 m). Mehlman et al.,
who used a fluoroscopy unit for personnel dose simulation,
reported that the surgeon, anesthetist, and scrub nurse were
at a distance of 0.305, 1.524, and 0.914 m away from the
central axis. The anesthetist position was twice far than
what was in our study. Also, results from Mehlman et al.
study indicated that unprotected individuals working 36
inches (0.914 m) or far away from the beam axis would
receive a much lower dose, which is in agreement with the
inverse square law. The above result was in line with our
study where the anesthetist and scrub nurse received 1.13
puSv/min and 1.08 pSv/min, respectively without protec-
tion [15]. Likewise, there was a slight difference in the dis-
tance from the central axis where the surgeon stands in
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this study (0.7 m) against the distance reported by Tasbas
et al. study (0.9 m).

Radiation reading from an anesthetic position from an
orthopedic surgery at a distance of 1.5 m was zero [16].
Simulated radiation dose to anesthesiologist at 0.9 m from
the source of the C-arm from this study was approximately
4 uSv/case. Alonso et al. used an electronic dosimeter and
reported that for a Dynamic Hip Screw (DHS) fixation of
the femur, the estimated dose to an anesthetist, standing 2
m away from the C-arm, was a maximum value of 1 uSv
for two measurements. There was no evidence of radiation
dose for most measurements made [17].

The position of the anesthetist in our study was 0.9 m
away, which recorded a maximum dose of 3.75 pSv. Also
according to the perspex phantom experiment by Lo et al.,
the radiation dose in orthopedic surgeries to the surgeon
and operating personnel for a distance of 1 m to the head,
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waist, and feet ranged from 50 to 100 puSv/h. In our study,
the distance was 0.7-1 m from the surgeon and operating
theatre personnel, with a range of 64.8-139 uSv/h [18].

An accumulated dose of as little as 65 uSv, which is
frequently exceeded during most orthopedic procedures,
over multiple exposures can statistically increase the in-
cidence of thyroid cancer after many years [19]. It can
be seen that an average of 17.3 cases would exceed the
above value (65 uSv) over 2 months for a surgeon. Mes-
bahi et al., who investigated radiation dose to surgeon
and staff, reported that entrance skin exposure to the
surgeon’s hand, eye, and thyroid varied from 0.85-8036
pSv/min. This study was seen to be within this range
based on our simulated value of 2.32 uSv/min [20].

The fluoroscopy times in commonly performed fracture
of the femur in a study by Tsalafoutas et al. were 3.2, 1.5,
and 6.3 min based on different types of surgery [12]. The
maximum mean time from our simulated study was about
3.3 min, which was close to one of the quoted times above.
Whittaker et al. study shows an average dose range of 0.1-
2.4 min with intramedullary nailing having the highest
time. The most seen orthopedic cases in the studied facil-
ity were Open Reduction Internal Fixation (ORIF) with
an average time of 0.67 min. Based on Whittaker et al.
study results, the average screening time for post ORIF
was 0.16 min [21]. The patient dose in this study ranged
from 3.04 to 25.03 uSv, with its maximum value close to
a surgically-treated femoral fracture studied by Perisinakis
et al. whose dose ranged from 11.6 to 21.7 uSv [22].

In most cases, discrepancies in effective doses are
largely due to exposure time variation, size of the pa-
tient, and the point source of measurement. In another
study, Suhm et al. reported an effective dose of 100 pSv
to patients for lower extremity fractures, which was four
times higher than our value (25.03 uSv) [23].

The estimated scatter radiation for a few commonly per-
formed orthopedic surgeries like intramedullary nailing
of pertrochanteric fracture ranged from 0.012-0.103 mSv/
min [12]. The above results were higher than our study
which was 0.00218 mSv/min on average. Surgeon dose
(7.72 pSv/case) based on our study was lower compared
with Osman et al. [24] who investigated surgeon dose to
the thyroid in orthopedic surgeries. His study looked at
two different kinds of orthopedic surgeries, which result-
ed in a mean thyroid dose of 71.6 nGy/case and 57.6 pGy/
case. The relative dose difference was 161% and 150%,
respectively. The mean estimated dose to personnel from
this study was 5.02 uSv; this value was close to a study
carried out by Zweers et al., who investigated patient and
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staff dose. The estimated dose to staff per procedure was
28 and 4 uSv from two different hospitals using an elec-
tronic dosimeter [25]. Henderson et al. studied the radia-
tion exposure of anesthetists. They concluded that at 1.5
m distance from the radiation source, the unprotected
average equivalent dose readings were undetectable from
prospective case series over two months [26].

Compensation for staff movement within the room dur-
ing the procedure was not possible because the phantom
was static. In this regard, the dose may be slightly affect-
ed. Second, the average exposure time was based on com-
monly performed orthopedic surgeries. Procedures with a
much longer time were not investigated in this study.

5. Conclusion

An investigation was conducted to estimate patient
and personnel radiation dose values from a mini C-arm
unit. The total exposure time was mostly dependent on
the type of orthopedic surgery and the experience of
the surgical team. Also, the exposure time and distance
from the radiation source were directly proportional to
the dose received by the personnel. Although radiation
doses were generally small in magnitude, there must be
strong regulation on the use of the protective device dur-
ing these procedures. Studies have shown that with con-
tinual exposure to low ionizing radiation there might be
a potential stochastic risk.
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