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Abstract

Modern fracture surgery requires an increasing number of operative procedures utilising radiological control. During osteosyntheses
patients receive scattered radiation when fluoroscopy is used. Unlike operating-room staff, patients are not protected during these
procedures. The aim of this study was to measure the amount of scattered radiation in the phantom plane during a simulated osteosynthesis
in order to evaluate the patient’s need for protection. A lower arm anthropomorphic phantom was irradiated with the use of a Philips BV
Pulsera C-arm. The amounts of scattered radiation at distances from 10 to 160 cm and angles of 0 to 180 degrees in the phantom plane
were measured with a real-time dosimeter. The same amount of measurements was repeated with a fixation plate on top of the phantom
to simulate a fracture reduction operation. The maximum amount of scattered radiation was 1.63 pSv at a distance of 10 cm from the
edge of the radiation beam. This phantom study shows that scattered radiation during osteosyntheses of the distal radius is negligible and

therefore no patient protection is needed. The results should be interpreted carefully as this is a phantom study.
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Introduction

Correct fracture and implant positioning is checked during
surgery using fluoroscopy. The C-arm is the most common
fluoroscopic modality. Besides the primary radiation,
which is used to generate the x-ray image, patients are
also exposed to scattered (secondary) radiation, which
delivers a dose to the patient, but does not contribute
to the x-ray image. Scattered radiation is radiation that
changes direction through the interaction of the x-ray
beam and encountered human tissue and objects such as
the operation table [1]. Medical staff are protected during
various surgical procedures from radiation by lead aprons,
lead collars and lead glasses. Patients, however, are not
protected against this radiation. The amount of scattered
radiation medical staff receive during fluoroscopy has been
thoroughly investigated in several studies [2-4]. However,
minimal literature is available about scattered radiation
doses absorbed by patients. The primary endpoint of this
phantom study was to measure the amount of scattered
radiation in the phantom plane during a simulated
osteosynthesis in order to evaluate the patient's need for
protection.

Materials and methods

A common performed operation is a distal radius fracture
reduction. To simulate a distal radius fracture reduction, an
anthropomorphic phantom of the lower arm was placed in
a supinated position on the operation table (Figure 1). This
phantom was irradiated by the Philips BV Pulsera Vision
C-arm (Figure 2). This is a mobile fluoroscopy system. The
anthropomorphic phantom consisted of a cadaver bone
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surrounded by polydimethylsiloxane (PDMS) with a density
close to the density of human soft tissue [5]. Tube voltage
was set at 50 kV, which is a usual setting during fluoroscopy
at Reinier de Graaf Hospital in Delft. Consequently, the
C-arm calculated a tube current of 0.22 mA. The product
of the current and time was 13.2 mAs. The phantom was
irradiated for 60 seconds for each measurement. This
amount of time was chosen due to the fact that most
orthopaedic surgeries requiring fluoroscopy do not need
more than 60 seconds of screening time. Spoon et al.
showed that the average screening time for hand or wrist
surgery was 38 seconds [6]. The Berthold LB126 dose rate
monitor was used for scatter radiation measurements. The
measurements were done at different angles in degrees
(0, 22.5, 45, 67.5, 90, 112.5, 135, 157.5, 180) and distances
in centimeters (10, 20, 40, 80, 100, 120, 140, 160) from the
edge of the radiation beam in the phantom plane (Figure
2). For the measurements at 0 degrees, the C-arm was
moved 45 degrees relative to the phantom as is indicated
in Figure 2. The radiation beam had a diameter of 13.5 cm
at a height of 38.5 cm from the radiation source.

Figure 1 Anthropomorphic phantom of the lower arm.

The net amount of scattered radiation was calculated
by subtracting the average background radiation per
60 seconds. The background radiation was measured
by placing the dosimeter in the operation theatre. To
evaluate the impact of an osteosynthesis plate on the
amount of scattered radiation, the actions described
above were repeated with an osteosynthesis plate on top

of the phantom. After each measurement the amount of
scattered radiation, the time of irradiation, the dose area
product (DAP) value and the cumulative dose were noted.
The scattered radiation measurements were averaged for
each distance.
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Figure 2 Test set-up.

Data analysis

In order to visualise the average scattered radiation, a line
graph was plotted using Matlab (version 2017a).

Results

The maximum amount of scattered radiation with and
without the osteosynthesis plate was 1.63 pSv from the
edge of the radiation beam at a distance of 10 cm and an
angle of 0 degrees. For all distances, the average scattered
radiation doses were lower than or equal to 1.20 pSv.

The equivalent dose received by the phantom after 60
seconds was 125 pSv. The average amount of background
radiation after 60 seconds was 0.0020 pSv. Table 1 and 2
show the amounts of scattered radiation, corrected for the
background radiation, with and without the osteosynthesis
plate after 60 seconds, respectively. In addition, both
tables show the average amount of scattered radiation
per distance.

Table 1 The amount of scattered radiation (uSv) without the osteosynthesis plate after 60 seconds.

10 cm 20cm 40 cm 60cm 80 cm 100 cm 120 cm 140 cm 160 cm
0° 1,58 0,36 0,15 0,08 0,05 0,03 0,02 0,02 0,02
22.5° 1,48 0,63 0,20 0,07 0,04 0,04 0,02 0,02 0,01
45° 1,54 0,54 0,20 0,08 0,04 0,02 0,02 0,01 0,01
67.5° 1,03 0,48 0,16 0,04 0,01 0,01 0,01 0,00 0,00
90° 0,22 0,29 0,11 0,01 0,01 0,00 0,00 0,00 0,00
112.5° 1,09 0,45 0,15 0,04 0,01 0,01 0,00 0,00 0,00
135° 1,26 0,49 0,16 0,06 0,03 0,01 0,01 0,00 0,00
157.5° 1,37 0,57 0,14 0,06 0,04 0,02 0,01 0,01 0,00
180° 1,29 0,59 0,14 0,05 0,05 0,03 0,01 0,01 0,01
Average (SD) 1,20 (+0,39) 0,49 (£0,10)  0,15(+0,027) 0,05 (+0,021) 0,03 (+0,016) 0,02 (+0,012) 0,01 0,01 0,00

(+0,0074) (+0,0079) (+0,0068)
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Table 2 The amount of scattered radiation (uSv) with the osteosynthesis plate after 60 seconds.

10cm 20 cm 40 cm 60 cm 80 cm 100 cm 120 cm 140 cm 160 cm
0° 1,63 0,34 0,14 0,08 0,05 0,03 0,02 0,02 0,01
22.5° 1,62 0,36 0,15 0,08 0,05 0,03 0,02 0,02 0,01
45° 1,23 0,26 0,12 0,05 0,03 0,02 0,01 0,01 0,01
67.5° 0,92 0,43 0,14 0,03 0,02 0,01 0,01 0,00 0,00
90° 0,21 0,25 0,10 0,03 0,01 0,01 0,00 0,00 0,00
112.5° 0,78 0,36 0,12 0,04 0,01 0,00 0,00 0,00 0,00
135° 1,16 0,22 0,09 0,05 0,02 0,01 0,01 0,00 0,00
157.5° 1,06 0,42 0,15 0,08 0,05 0,03 0,02 0,01 0,00
180° 1,44 0,54 0,17 0,08 0,05 0,03 0,02 0,01 0,01
Average (SD) 1,11 (0,42)  0,35(+0,096) 0,13 (£0,024) 0,06 (+0,021) 0,03 (+0,017) 0,02 (+0,011) 0,01 0,01 0,00
(+0,0079) (+0,0079) (+0,0050)

Figure 3 shows two line graphs of the average amount of
scattered radiation at the different distances.
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Figure 3 Average scatter radiation as a function of distance.

Since the settings of the C-arm (tube current and tube
voltage) were kept constant and the time of fluoroscopy
was 60 seconds for every measurement, the average DAP
value for the measurements without the osteosynthesis
plate was 0.0286 Gy * cm? and 0.0281 Gy * cm? for the
measurements with the osteosynthesis plate.

Discussion

In this phantom study the maximum amount of scattered
radiation was 1.63 pSv. For all distances, the average
scattered radiation doses were lower than or equal to 1.20
pSv. In Figure 3 one can notice that the average amount
of scattered radiation approximately behaves according to
the inverse-square law [7].

At 10 cm away from the radiation beam and at an angle of
90 degrees the measured amounts of scattered radiation
were lower than the measured amounts of scattered

radiation at 20 cm and an angle of 90 degrees. The reason
for this contradiction is probably because the dosimeter
was placed directly against the phantom. Possibly, the
dosimeter was shielded off by the phantom.

In general, the amounts of scattered radiation were lower
atthe angles of 67.5,90 and 112.5 degrees for all distances.
This could be explained by the shape of the phantom which
distributes the scattered radiation in different directions.
A second explanation could be the presence of more
phantom material in the 90 degrees direction which partly
absorbs the scattered radiation.

Amounts of scattered radiation during simulated C-arm
procedures have been reported by other studies. Giordano
et al. performed scattered radiation measurements on
different heights relative to an arm phantom and used
multiple dosimeter badges [1, 8]. We purposely chose to
measure the scattered radiation on the same level as the
phantom. The used method simulates where the patient
normally would receive the scattered radiation. Singer et
al. (2011) measured the scattered radiation at 2.54 cm
from the image intensifier in the phantom plane on a wrist
and on an elbow phantom [9]. The amount of scattered
radiation that was found in this study was 8.64x10*
millisievert per second (mSv/s). Moreover, Singer et al.
(2005) measured the scattered radiation in the phantom
plane using a wrist phantom. The maximum amount of
scattered radiation that was found in this study was 0.569
mSv/s at a distance of 0 cm from the image intensifier.

Several potential limitations of this study should be
addressed. In this research one type of C-arm was used,
namely the Philips BV Pulsera. Other C-arms may not
show the same scattered radiation pattern as the Philips
BV Pulsera. This is because of the fact that different
manufacturers use different x-ray tubes and therefore
the x-ray spectrum will be different between the C-arms
of these manufacturers. This will also give different
scatter radiation patterns. Furthermore, only one type of
dosimeter was used, the Berthold LB126. This dosimeter
is quite large which means it averages the scattered
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radiation over a large volume. Because of this the position
of the different measurements is somewhat less accurate.
Also, a cadavaric bone surrounded by silicone was used
as a phantom. The material, more or less, has the same
density as a human wrist [5]. Still the ratio of soft tissue
to bone of the phantom is not the same as the ratio of
soft tissue to bone of a human wrist. At last, a ‘Stryker
1001 Emergency Care Stretcher’ was used. This is not an
operation table that is used in daily practice. This means
there is a chance that this table has influenced the pattern
of scattered radiation.

Scattered radiation may contribute to a high effective dose
on radiation sensitive tissues, such as the thyroid gland and
gonads. Spoon et al. (2019) recently measured scattered
radiation doses at the thyroid gland, breast tissue, and
gonadsin 205 patients undergoing primary osteosyntheses
of acute fractures of hand/wrist, shoulder, ankle, knee and
hip. The highest median effective dose was 60.43 pSv (IQR
33.84-100.76) at the gonads during hip osteosynthesis.
The highest median fluoroscopy time was 59 seconds
(IQR 48-115). According to IRCP recommendations, no
deterministic effects are expected below a short term
radiation dose of 100 millisievert (Sv) [10]. Therefore the
amount of scattered radiation during osteosynthesis does
not seem to significantly increase the risk of cancer [11].
This research aimed to measure the scattered radiation
during a simulated C-arm guided orthopedic procedure to
confirm the findings by Spoon et al.

Conclusion

If someone received an equivalent dose of 100 mSv at once,
this would increase the lifetime risk of developing cancer
by 0.8 percent [11]. The maximum amount of scattered
radiation in this research is 10° times lower than 100 mSv.
Based on the results of this phantom study, the increased
chance of developing cancer will be minimal. Thisimplicates
that protection of the patient during osteosyntheses of the
distal radius is not needed. This recommendation should
be interpreted with caution as this is a phantom study.
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