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Abstract 
Modern medicine is unthinkable without X-rays. Accurate diagnosis, leading 
to effective treatment, is largely based on precise X-ray examinations. The 
creation of new, modern equipment and various medical procedures that 
meet the increased requirements are a priority in our time. X-ray examina-
tions are of particular importance for the orthopedic and traumatological 
clinics, where they provide information about presence of a fracture in the 
patient’s body, about the concrete operation performed or about the effect of 
a suitable treatment. Along with their benefits X-rays have also a harmful ef-
fect. This requires special care to protect from this radiation. In this direction, 
research is constantly being done to improve the quality of radiation protec-
tion. Park MR, Lee KM and co-authors, compare the dose load obtained us-
ing C-arm and O-arm X-ray systems (which have the capability of combined 
2D fluoroscopy and 3D computed tomography imaging). In their study, an 
orthopedic surgical procedure using C-arm and O-arm systems in 2D fluo-
roscopy modes was simulated. The radiation doses to susceptible organs of 
the operators were investigated. He results obtained show that the O-arm 
system delivered higher doses to the sensitive organs of the operator in all 
configurations [1]. The article of Stephen Balte briefly reviews the available 
technologies for measuring or estimation of patient skin dose in the interven-
tional fluoroscopic environment, created by various X-ray equipment in-
cluding C-arm systems. Given that many patients require multiple proce-
dures, this documentation also aids in the planning of follow up visits [2]. 
Chong Hing Wong, Yoshihisa Kotani and co-authors evaluate the radiation 
exposures (RE) to the patient and surgeon during minimally invasive lumbar 
spine surgery with instrumentation using C-arm image intensifier or O-arm 
intraoperative CT. The results they get are in favor of the O-arm system [3]. 
The article “Virtual fluoroscopy for intraoperative C-arm positioning and 
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radiation dose reduction” discusses positioning of an intraoperative C-arm 
system to achieve clear visualization of a particular anatomical feature by a 
system for virtual fluoroscopy (called FluoroSim) that could dramatically re-
duce time and received dose during the procedures. FluoroSim was found to 
reduce the radiation exposure required for C-arm positioning without re-
ducing positioning time or accuracy, providing a potentially valuable tool to 
assist surgeons [4]. In our study, we performed practical measurements to 
show how the patient can be treated by applying most effective radiation pro-
tection when using a mobile C-arm X-ray system. For the study, we used ex-
posure upon a phantom placed on the patient’s table. For an X-ray shielding, 
we used a protective apron with a lead equivalent of 1 mm, placed in two lay-
ers on the phantom. In each subsequent series of exposures, the protective 
apron was placed on the phantom, in a different position relative to the X-ray 
beam. The general conclusion of our study is that in order to obtain maxi-
mum protection from scattered radiation when using C-arm X-ray systems, 
the patient must be protected by a shielding with a suitable lead equivalent for 
the procedure performed which must be placed between patient’s body and 
X-ray tube, perpendicular to the X-ray beam pointed toward the region of in-
terest. 
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1. Introduction 

What is the C-arm X-ray system? 
It is diagnostic equipment consisting of the following main parts: 

• Mobile station consisting of monitors, printer for images and reports, key-
board etc. [5] (Figure 1). 

• С-arm stand: image intensifier or flat detector, X-ray tube, CCD senor, X-ray 
generator, collimating device for the X-rays, control panel, exposure switch 
and/or exposure pedal etc. [5] (Figure 2). 

The C-arm carries the X-ray tube and the image intensifier or the flat detector. 
This special design enables surgeons to easily direct the X-ray beam to different 
angles and directions for the particular diagnostic procedure. This rotation of 
the C-arm facilitates the use of the equipment for various interventions on the 
patient and thus a considerable reduction of time for the surgical intervention is 
achieved [6]. 

This type of X-ray equipment is crucial in orthopedics and traumatology clin-
ics. In the various procedures in orthopedic and traumatological practice, the 
C-arm is most often used for: 
• obtaining an initial real image of the condition of the injured part of the 

body; 
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Figure 1. Mobile station [5]. 

 

 
Figure 2. С-arm stand [5]. 

 
• obtaining a real image of the condition of the injured part after the per-

formed procedure. 
This information is collected from an X-ray image of the region of interest 

from the patient’s body. The image itself is obtained by irradiating the object 
with X-rays (Figure 5), where the X-ray beam is generated by the X-ray tube 
(Figure 3). The beam is attenuated when passing through the body and at the 
end the radiation is detected by an image intensifier or a flat detector where an 
image is projected (Figure 4). 

X-rays are shortwave, high-energy electromagnetic waves, i.e. they are a type 
of electromagnetic radiation. Their wavelengths range from about 3 nm to about 
10 pm and in the spectrum of electromagnetic waves occupy in the spectrum a 
place between ultraviolet rays and gamma rays. 

The transparency of the different materials for the respective photon energy, 
i.e. the penetration power of the X-rays changes with the wavelength. X-rays are 
divided into two groups: 
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Figure 3. Construction of the X-ray tube. 

 

 
Figure 4. Image intensifier. 

 

 
Figure 5. Irradiation of the examined object with X-rays. 

 
• Hard X-rays—photon energy between 12 and 120 keV and wavelength from 

0.1 to 0.01 nm. They have high penetrating properties and are poorly ab-
sorbed by the substance. For this reason, they are preferred for X-ray imag-
ing; 

• Soft X-rays—photon energy between 0.12 and 12 keV and wavelength from 
10 to 0.1 nm. They have a weak penetrating property and are strongly ab-
sorbed by the substance. For this reason, they are more harmful than hard 
rays [7]. 

The properties of X-rays are widely used for diagnostics and treatment. Along 
with the positive effects, X-rays also can be harmful. For this reason, well-trained 
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personnel are required to work with X-ray systems. To reduce the harmful ef-
fects of X-rays, strict rules and measures for radiation protection have been de-
veloped and introduced, the implementation of which is strictly monitored. In 
addition to these rules, when a new X-ray equipment is commissioned, it is ne-
cessary to apply additional measures for radiation protection arising from the 
relevant design and parameters of the equipment. When performing X-ray pro-
cedures with a C-arm X-ray system, the patient needs radiation protection from 
scattered X-rays. The region of interest receives direct X-rays, which are needed 
for the procedure. The rest of the patient’s body is exposed to scattered X-rays. 
This scattered radiation is obtained from the reflection of the radiation from 
parts of the X-ray equipment, from the patient’s table, from the patient’s body, 
the surgeon and his assistant and from the various objects in the room where the 
procedure is performed. For maximum protection, this part of the patient’s body 
should be covered with a protective material (most often this is a lead-rubber 
apron). 

Considering the possibility of changing the location of the X-ray tube, it is 
important to place the protecting material properly. In the most conventional 
X-ray devices, the X-ray tube is positioned above the patient support. In this sit-
uation, to protect the part of the patient’s body that is exposed to scattered radi-
ation, it is sufficient to place the radiation protection on the body. However, this 
is not always effective in C-arm procedures due to changing the location of the 
X-ray tube. It can be positioned not only above and below the patient support, but 
also at different angles to it. The different types of C-arm movements offer the 
surgeon a great advantage in directing the X-ray beam in the required direction 
when examining different parts of the body (Figures 6-10) [5]. 

In orthopedics and trauma clinics, X-ray examinations of the limbs (arms and 
legs) or head are often required. The main X-ray beam is directed to the area of  

 

 
Figure 6. Rotation −180˚ to +180˚ [5]. 
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Figure 7. Wig/Wag movement to the left and to the right −12.5˚ to +12.5˚ [5]. 

 

 
Figure 8. Vertical movement −3 cm to +40 cm [5]. 

 

 
Figure 9. Rotation −35˚ to +90˚ when the C-arm is above 0 cm [5]. 

 

 
Figure 10. Longitudinal movement 0 cm to 20 cm [5]. 
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interest. In this case scattered X-rays are also observed (coming from the object, 
from the patient support, from the body of the person using the equipment and 
from other parts of the equipment or objects in the room), which is absorbed in 
the whole body of the patient. This requires that the rest of the patient’s body to 
be protected from the scattered radiation. 

Due to the fact that X-rays act mainly on young, rapidly dividing cells, the 
radiation is most dangerous for children and pregnant women. For this reason, 
the attention to radiation protection of such patients must be increased. The age 
group of young people is not to be neglected either. It is a well known fact that 
the human body grows and develops until about 25 years of age. For this reason, 
special attention is also paid to this age group when it comes to radiation protec-
tion during X-ray examinations. This does not mean that the radiation protec-
tion of adult patients should be neglected. 

2. Methods 
Main Method 

The main method we have used in our measurements was dosimetry. 
Based on the information above, our research aimed to measure the dose re-

ceived by the patient’s body for different positions of the X-ray tube and for dif-
ferent positions of the radiation protection. 

The practical measurements were made in the Clinic of Orthopedics and 
Traumatology of University Hospital St. Marina Varna, Bulgaria. 

3. Practical Measurements 
3.1. Participants 

Participants in the dosimetric measurement: 
• author of the article, 
• service engineer maintaining the X-ray equipment—the measurements were 

carried out under the direct and continuous control of the service engineer of 
the X-ray system, 

• medical physicist of the hospital who works with the measuring equipment, 
• surgeon—a specialist from the clinic of orthopedics and traumatology with 

instructions about the used medical procedures. 

3.2. Devices and Materials 

For our measurements we used a mobile C-arm X-ray system Philips BV Vectra, 
which was positioned in the hall of the Clinic of Orthopedics and Traumatology 
(Figure 11). 

The dosimeter used for the measurement was FH 40 G-L Multi-Purpose Digi-
tal Survey Meter, which is suitable for our measurements (Figure 12). Figure 
12(a) shows the appearance of the device, and Figure 12(b)—its specifications. 

For the measurements we used a phantom. 
For the phantom we used a plastic bottle with a volume of 11 liters filled with  
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Figure 11. X-ray system BV Vectra—mobile С-arm (Philips India Limited, INSTRUCTIONS 
FOR USE, BV Vectra, Document version 1.4, Plot No. B-79, MIDC). 

 

   
(a)                                                           (b) 

Figure 12. FH 40 G-L Multi-Purpose Digital Survey Meter (a) and its specification (b). 
 

water (Figure 13). The phantom was placed on the patient’s table, directly under 
the X-ray beam. 

As a protective barrier against X-rays, we used a lead rubber apron with a lead 
equivalent of 1 mm. We placed it in two layers on the phantom so that the lead 
equivalent of protection became 2 mm (Figure 14). 

3.3. Procedure 

During our measurements, we irradiated the phantom using the two main modes 
of the C-arm—radiography (single shot) and low-dose fluoroscopy (LDF—Light 
Definition Fluoroscopy). We used the three modes of fluoroscopy—continuous 
fluoroscopy, 1/2 dose fluoroscopy and pulse fluoroscopy. 
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Figure 13. Phantom. 

 

 
Figure 14. Lead rubber apron. 

 
The operating parameters under which the study was performed are: 

 radiography (single shot); X-ray tube parameters: U = 58 kV; I.t = 10.35 
mA∙s; duration of the single shot t = 467 msec. 

 fluoroscopy: 
• continuous fluoroscopy; X-ray tube parameters: U = 58 kV; I.t = 3.45 mA∙s; 

exposure time t = 3 sec., 
• 1/2 dose fluoroscopy; X-ray tube parameters: U = 58 kV; I.t = 3.45 mA∙s; ex-

posure time t = 6 sec., 
• pulse fluoroscopy; X-ray tube parameters: U = 58 kV; I.t = 3.45 mA∙s; expo-

sure time t = 6 sec. 
The parameters of the different modes are selected so that the dose of the pa-

tient is almost the same. The dose measurement is performed near the middle of 
the phantom (the bottle with water), at a distance of 15 cm above it. The distance 
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of the X-ray tube to the patient support is 70 cm. 
Positions of the X-ray tube, used for the practical measurements are following: 

• above and under the patient support (Figure 15 and Figure 16); 
• at an angle 0, 30 and 60 degrees to the patient support (Figures 17-19). 

 

 
Figure 15. X-ray tube above the patient support. 

 

 
Figure 16. X-ray tube under the patient support. 

 

 
Figure 17. X-ray tube at an angle of 60˚ to the patient support. 

 

 

Figure 18. X-ray tube at an angle of 30˚ to the patient support. 
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Figure 19. X-ray tube at an angle of 0˚ to the patient support. 
 

Description of the measurement. 
Each measurement with the specified operating parameters and positions is 

repeated 5 to 10 times. 
During the real procedure, at least two staff members are present in the 

room—a surgeon-operator and his assistant. No one was present in the hall 
during our measurements. Our phantom was a bottle of water that is smaller in 
volume and size than a real patient’s body. 

Our team was in the hallway, in front of the treatment room, to reduce the 
radiation we would receive during the measurements. For this reason, we 
brought out the mobile monitoring station in order to monitor the parameters 
and images. Only the С-arm stand remained in the hall, and we left the door 
between the hall and the corridor open. The measuring device was placed on a 
special stand in the room. This stand has the ability to move horizontally and 
vertically and thus we could place the device in different positions relative to the 
patient and the X-ray tube. 

Under these conditions of our measurement, the data we received would dif-
fer from the data under actual procedures but the difference would not be sig-
nificant. Moreover, the measured values are quite low. Therefore, we believe that 
the data obtained can be used to assess the dose load of the patient, which would 
help to select an appropriate position for protection against scattered radiation 
for the part of the patient’s body that is not in the region of interest for the spe-
cific procedure. 

4. Results 

At different positions of the X-ray tube and the protective shield placed on the 
patient’s body, 5 to 10 repetitions of measurements were made for the same pa-
rameters of the X-ray tube. 

Table 1 shows the average values (from the same type of measurements) for 
the dose absorbed by the patient’s body in μSv, measured at different positions 
of the C-arm and different positions of the protective shielding. The results are 
better visible in the diagrams for each position of the X-ray tube (Diagrams 
1-5). Here, the dose values are transformed on a scale of ×10−3 to better reveal 
the difference. The values of all of our patient dose measurements are in the 
range of 0.12 μSv to 0.23 μSv if we do not take the zero value into account. Of 
course, the highest values are observed when no shielding is placed, at all posi-
tions of the C-arm. The values range from 0.19 μSv to 0.23 μSv. 

The highest values were measured in the radiography mode (single shot) in 
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the range between 0.21 μSv and 0.23 μSv. At all positions of the X-ray tube the 
value was at the maximum, namely 0.23 μSv. Only at the position below the pa-
tient table the measured value was at the lower limit—0.21 μSv. 

For the three fluoroscopy modes, the values were between 0.19 μSv and 0.23 
μSv. The minimum value of 0.19 μSv was measured at the position of the X-ray 
tube below the patient table for two of the fluoroscopy modes—1/2 dose fluo-
roscopy and pulse fluoroscopy. The highest values were measured in continuous  

 
Table 1. Average values on the dose absorbed by the patient’s body in μSv, measured at 
different C-arch positions and different barrier positions. 

Position of the X-ray tube 
Position of 
the protect 

single shot continuous 1/2 dose pulse 

above the patient support A 0.023 0.021 0.020 0.020 

B 0.000 0.000 0.000 0.000 

C 0.023 0.021 0.020 0.020 

bellow the patient support A 0.021 0.020 0.019 0.019 

B 0.021 0.020 0.019 0.019 

C 0.000 0.000 0.000 0.000 

at an angle of 60˚ to the patient 
support 

A 0.023 0.023 0.021 0.021 

B 0.023 0.023 0.021 0.021 

C 0.014 0.013 0.013 0.012 

D 0.000 0.000 0.000 0.000 

at an angle of 30˚ to the patient 
support 

A 0.023 0.022 0.021 0.021 

B 0.023 0.022 0.021 0.021 

C 0.020 0.019 0.018 0.018 

D 0.000 0.000 0.000 0.000 

At an angle of 0˚ to the patient 
support 

A 0.023 0.023 0.021 0.020 

B 0.023 0.023 0.021 0.020 

C 0.023 0.023 0.021 0.020 

D 0.000 0.000 0.000 0.000 

A—without protection; B—on the patient body; C—under the patient body; D—at the side of the X-ray 
tube, at right angle to the beam. 

 

 
Diagram 1. Dose, received by the patient when the X-ray tube is placed above the patient 
table. 
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Diagram 2. Dose, received by the patient when the X-ray tube is placed under the patient 
table. 

 

 

Diagram 3. Dose, received by the patient when the X-ray tube is placed at 60˚ to the pa-
tient table. 

 

 
Diagram 4. Dose, received by the patient when the X-ray tube is placed at 30˚ to the pa-
tient table. 

 

 
Diagram 5. Dose, received by the patient when the X-ray tube is placed at 0˚ to the pa-
tient table. 
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fluoroscopy mode for two positions of the X-ray tube—rotated at 0 and 60 de-
gree. It should be noted that of the three fluoroscopy modes, the values are 
highest in continuous fluoroscopy and for the other two modes the values are 
comparable—they differ by a maximum of 0.02. 

When comparing the values of the patient dose in the position of the protec-
tive shielding placed on the patient’s body, values in the range from 0.19 μSv to 
0.23 μSv are again observed. In this case again, in the radiography mode the val-
ues are the highest, in the range from 0.21 μSv to 0.23 μSv. The values at this po-
sition of the protective shielding for different positions of the X-ray tube, repeat 
those for the measurements made without protection. Only at the position 
where the X-ray tube is above the patient table, the value is 0 (Diagram 1). 
Comparing the fluoroscopy modes, for the same position of the protective shiel-
ding, again the highest values were observed in continuous fluoroscopy. In the 
other two modes, the values are comparable, namely in the range from 0.19 μSv 
to 0.21 μSv. In the case of protective shielding placed under the body of the pa-
tient the measured values are almost identical with the previous two cases, 
namely between 0.12 μSv and 0.23 μSv. Here again the maximum values were 
measured in the radiography mode and the minimum values were measured in 
the fluoroscopy modes. The lower value was measured in pulse fluoroscopy 
mode, namely 0.12 μSv. Here, the zero value of the dose was measured for the 
position of the X-ray tube under the patient table (Diagram 2). At this position 
the patient receives no dose from the scattered radiation. 

The protective shielding at right angle to the beam on the side of the X-ray 
tube is only used for the positions where the X-ray tube is rotated to different 
angles. At all these positions, again, the radiographic mode shows larger values 
than the fluoroscopy modes. At all positions of the X-ray tube—rotation to 30 
and 60 degrees and in all the modes of operation of the С-arm in this position of 
the shielding, the measured value for the patient is 0 (Diagrams 3-5). This means 
that in all these cases the patient receives no dose from the scattered radiation. 

5. Discussion 
5.1. Conclusions 

The data obtained clearly show that the radiation protection of the patient 
mainly depends on the position where the radiation protective shielding is at-
tached to the patient’s body and at the side of the X-ray tube in relation to the 
patient. 

The conclusions from the data obtained in this study are the following: 
1) The values of the received dose without protection and with protection 

placed on the opposite side of the X-ray tube are the same. This shows that in 
both cases the patient receives the maximum radiation under these conditions of 
the X-ray examination. This is the case for all operating modes and for all posi-
tions of the X-ray tube. 

2) When the X-ray tube is positioned perpendicular to the patient’s table, i.e. 
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below or above it, full protection is observed when the protection is placed at the 
side of the X-ray tube. A dose value of 0 μSv, obtained in all tested operating 
modes, clearly shows that in these cases the patient does not receive any radia-
tion from the scattered radiation. 

3) In cases where the X-ray tube is positioned at an angle to the patient’s table, 
with a protective shielding placed above or below the patient’s body, the same 
patient dose values are observed in measurements without protection and in 
cases where the X-ray tube is farther from the protection. Thus, in the described 
cases the patient receives the maximum dose from the scattered radiation during 
the given procedure. 

4) When the X-ray tube is rotated at a certain angle and the protective shiel-
ding is placed above or below the patient’s body, in cases where the X-ray tube is 
closer to the protective shielding, the patient receives a dose which is less than 
the maximum dose. In this configuration, the part of the patient’s body that is 
not in the region of interest is not protected from scattered X-rays. 

5) In the case of the tube positioned at an angle, absolute protection for the 
patient with a dose value of 0 μSv is achieved only when the protective shielding 
is placed perpendicular to the X-ray beam at the side of the X-ray tube between 
the patient’s body and the X-ray tube. 

The general conclusion of our study is that in order to obtain maximum pro-
tection from scattered radiation when using C-arm mobile X-ray systems, the 
patient must be protected with a protecting material at the side of the X-ray tube 
and this material must be placed perpendicular to the beam pointed to the ex-
amined region of interest. 

5.2. Recommendations 

Based on the conclusions of the study, we can offer to the attention of medical 
staff working with mobile C-arm X-ray systems following the main recommen-
dation: 

When performing X-ray procedures with a C-arm system, the patient needs 
radiation protection from scattered X-rays. For maximum protection, part of the 
patient’s body should be covered with a protective material (lead-rubber apron, 
vest, etc.). This protective material should be placed at the side of the X-ray tube 
in front of the patient’s body. The radiation protection must be positioned per-
pendicular to the direction of the beam without obscuring the region of interest. 

It is important to follow this recommendation in order to reduce the patient’s 
dose as much as possible during a C-arm examination. Only in this way the pa-
tient would not receive an additional dose of scattered radiation. 

In summary, for all X-ray systems, we can say that the maximum protection of 
the patient from scattered radiation is possible when the protective shielding is 
placed in front of the patient at the side of the X-ray tube perpendicular to the 
beam direction without covering the region of interest for the relevant proce-
dure. 
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