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ABSTRACT 

During catheterized x-ray interventions the patient and medical staff is exposed to scatter radiation, 

as a consequence of tissue interactions. Ionizing radiation for medical purpose is potentially 

dangerous and can cause malignancy, skin damage and more. Studies have suggested an increase 

in the prevalence of eye lens cataract, thyroid cancer and left sided brain tumors in doctors. 

Therefore, it is mandatory to reduce the radiation dose in medicine, a principle known as ALARA 

(as low as Reasonably Achievable). Lead aprons, collars and shieldings are safety precautions to 

protect the team in the operating room. The x-ray equipment and surgical techniques are constantly 

evolving and the interventions become more complex which may increase the x-ray dose. 

Although x-ray imaging is required in interventional procedures endeavors of reducing radiation 

exposure to staff is of high interest. There is a need to increase the awareness about scatter radiation 

and radiation protection efforts are gaining momentum. Initiative to train a dose reducing behavior 

by education and awareness are key documents within the European Union’s guidelines on 

Radiation protection. 

 

The aims of this thesis were to create a 3D model for representation of real-time exposure and 

accumulated scatter radiation to staff performing interventional x-ray procedures and identify 

parameters that affect the scatter radiation.  

 

Extensive measurements were made with real time dosimeters while irradiating an 

anthropomorphic phantom. For five lateral C-arm projections, 68 - 80 data points each were used 

to measure scatter dose distribution around the patient. In the typical operator position, the effect 

of craniocaudal projection angle, patient size, field size, image detector height and pulse rate on 

scatter radiation dose was also investigated. 

 

It was possible to create a 3D model from interpolated measurement data that can generate dose 

rate with promising results. Six out of eight modelled doses deviated +/- 26.6 % from the validation 

cases. A model that delivers relative dose is an intuitive approach in education for interventional 

x-ray radiation safety. The staff position in relation to the x-ray source and the patient size have a 

significant correlation to the dose rate. Additional measurements are needed to ensure the 

reliability of the model. This work completes the effect of scatter radiation distribution around the 

patient table, which is not yet evaluated as thoroughly by other authors. 
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1 INTRODUCTION 

In clinics numerous x-ray methods are used daily. During x-ray interventions the operator gets 

information about patient’s internal organs and vessels from imaging techniques in order to treat 

or diagnose the patient. In contrast to x-ray examinations like CT (computed tomography) and 

conventional x-ray, where staff step out from the room, staff members are close to the patient 

during the intervention. When a patient is irradiated by the x-ray beam, tissue interactions like 

Compton events occur and rays are scattered from the patient in all directions. Hence, the patient 

is a contributing factor to scatter radiation to staff [1]. The daily staff exposure increases their risk 

of stochastic effects: the probability of cancer and heritable disease, and deterministic effects: 

radiation induced tissue damage [2].  

As new therapies are developed and the interventions become more advanced, the prolonged 

duration of x-ray procedures will increase staff radiation exposure [3]. The staff must use lead 

equivalent aprons to shield them from the ionizing radiation. Although safety precautions are 

considered, an increase in the occurrence of radiation induced eye cataracts has been reported. As 

a consequence, in 2011 the International Committee for Radiological Protection (ICRP) lowered 

the eye lens dose limit for staff dramatically from 150 mSv/year to 20 mSv/year [2].  

The scatter radiation is dependent on a number of factors and the radiation around the patient does 

not distribute uniformly or symmetrically [4]. There are several factors that contribute to increased 

staff doses such as patient thickness and radiation source projection angle [3]. The dose received 

by the physician can, for example vary 20 fold depending on projection angle [5]. Hence, the 

distribution of scatter is complex and to our knowledge there are no existing realistic dynamic 

models representing scatter radiation to staff published [6, 7, 8]. Awareness regarding radiation 

exposure in the angiography room has been shown to decrease staff dose [2, 4]. Tools for 

predicting dose distribution could be a valuable approach in radiation safety education and in 

training staff behavior.  
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1.1 Project aims and objectives  
The general aim of this project is to create a dynamic model for representation of real-time 

exposure and accumulated scatter radiation to staff performing interventional x-ray procedures. 

Specifically, the aim of the work done within the scope of this thesis is to determine how different 

parameters affect the distribution of scatter radiation in the room during cardiac x-ray 

interventions, and to validate the results against empirical data. The following objectives have been 

formed: 

1. Identify parameters that affect the scatter radiation from the patient and determine the 

critical ones. The choice of parameters should be motivated either from measurements or 

theory. 

2. Determining how does scatter radiation from the patient behave depending on a chosen set 

of parameters? 

3. Create a generic model that can extract accumulated radiation dose at any point in a 3D 

space in an angiography room performing one chosen standard interventional procedure 

4. Present the approximations and generalizations that have been made in the model. 

 

1.1.1 Delimitations 
There is a need to highlight radiation safety in many fields such as staff handling radionuclides 

and supervising PET-CT examinations, however this thesis focuses on cardiac x-ray interventions. 

Investigating the possibilities to decrease the dose to the patient is a highly important topic, 

however this report focuses on a scattered radiation dose distribution in the angiography room.   

The effect of a limited set of parameters on scatter radiation distribution will be investigated.  

Of the three possible sources of staff exposure in x-ray interventions: primary radiation, i.e. the x-

ray beam, leakage radiation from the x-ray tube and scattered radiation from the patient, the latter 

is the focus of this report. 

The mode of imaging in the measurements is limited to fluoroscopy and cardiac x-ray interventions 

as the patient position relative to the tube is aiming to imaging the patient’s heart. 
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1.2 Radiation physics 

1.2.1 Ionizing radiation  
Ionizing radiation can either appear as electromagnetic (EM) waves or as particles [9]. If the rays 

emitted from a source have enough energy to remove electrons from the orbit of an atom the rays 

will cause the atom to become a positive charged ion [1]. Ionizing radiation can appear naturally, 

independent from human acts and examples are cosmic radiation, Earth’s natural radiation, 

radioactive isotopes in the body and in food, and the noble gas radon [10].  

In the medical field, ionizing radiation is artificially produced as x-rays for imaging purpose and 

as both rays and particles for radiation therapy purposes [1]. Energies of lower frequencies and 

longer wavelengths give rise to non-ionizing radiation and examples of those used in the medical 

field are visible light, infrared light and radiofrequency waves [1]. In Sweden, the mean effective 

dose is approximately 1,1 mSv for natural exposures and 0,9 mSv for mean exposures from 

medical examinations [10]. 

X-ray principle  
X-rays can be artificially produced when high energy electrons interact with a material. Inside the 

x-ray tube, a cathode with a tungsten filament is heated to 2000 °C and electrons are accelerated 

by high voltage to interact with an anode target. The kinetic energy of the electrons give rise to 

electromagnetic radiation when they decelerate as they hit the target material. [10].  

 

1.2.2 Scatter radiation 
When x-rays interact with a material, such as inside the patient during x-ray procedures, scatter 

radiation is produced. The dose to staff in the x-ray intervention rooms are due to Compton scatter 

events in the patient, hence the patient is the source of the scatter radiation. The energies of typical 

diagnostic x-rays (26 - 140 keV) that enter the patient will be distributed into three types of possible 

processes [10]. One part of the incoming x-ray energy will be absorbed as a result of photoelectric 

effect, another part will travel through the patient to the image detector which gives rise to an 

image and the rest will be scattered as a result of Compton scatter events. Compton scatter is the 

dominant interaction in tissue at diagnostic x-ray energies [1].  
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The energy of the scattered photon is less than of the incident photon and the Compton scatter can 

be distributed in different directions. The probability of the occurrence of the scatter angles varies 

depending on incident energy (Figure 1). With higher incoming energy the photons have smaller 

scatter angles and the photons are scattered more in the direction towards image detector [1].  

 

Figure 1, To the left, the scatter angle distribution in relation to normalized scatter probability. [11] To the 

right is an explanation of the θ = 60 ° scatter angle, together with an explanatory sketch of the C-arm: 

image detector and x-ray tube that are used throughout the report. 

Inverse square law 
From the laws of physics, the rays from a point source form a divergent beam. The fluence,  𝜑, the 

number of photons passing per unit area perpendicular to the direction of motion, decreases with 

the squared distance. The fluence in a point source in vacuum behaves according to the following 

equation: 

 𝜑2 =  𝜑1
𝑟 1

2

𝑟2
2   (Equation 1)  

𝜑1 is the fluence at initial point and 𝑟1  is its distance to source and 𝜑2 is the fluence in the point 

of interest and 𝑟2  is its distance to source  [12]. As an example, when the distance to the radiation 

source is doubled the fluence will decrease by a factor 4. 

  

X-ray 

tube 

Image 

detector 

θ = 60 ° 
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1.3 Use of radiation in medical applications 
The use of radiation in medical applications is widespread. The World health organization (WHO) 

has reported that annually, 3600 million x-ray examinations, 37 million nuclear medicine 

procedures and 7.5 million radiation therapy treatments are performed globally [13]. 

1.3.1 X-ray angiography 
X-ray interventions are minimally invasive procedures that are associated with a reduced risk of 

infection and a decreased recovery time. During these interventions, both the patient and the 

medical staff are however exposed to ionizing radiation. X-ray angiography refers to the vascular 

imaging technique with purpose of diagnosing or treating patients. During angiography, a catheter 

is inserted through a small incision and steered by the operator, with x-ray image guidance, to the 

area of interest. A contrast agent is often injected to visualize the vascular geometry. The term 

fluoroscopy refers to a pulsed sequence of x-ray images, which is often used in angiography, and 

the high temporal resolution makes it possible to operate in real-time. The C-arm, x-ray equipment 

used in angiography, is capable of a motorized rotation which allows several imaging projections 

of the patient [1]. 

Catheterized x-ray interventions have been developed over the years with new methods using more 

advanced techniques and equipment focusing on dose reduction. Procedures have become more 

complex and the imaging time is therefore likely to increase. Hence, the improvements in medical 

interventions have rather contributed to higher radiation dose to staff [4]. The prevalence of 

radiation induced eye lens cataracts has increased over the years [2]. In addition, studies 

investigating brain and neck tumors in operators have shown a significant increase in incidents of 

left sided tumors (85%) [14].  
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1.3.2 Nomenclature for x-ray projections 
The nomenclature for C-arm projections explains the image detector placement in relation to the 

patient and can be referred to in several ways. The C-arm is rotated around the isocenter, which is 

the body part of imaging where the x-ray beam passes. As an example, the projection left anterior 

oblique (LAO) 20 ° and caudal projection (CAU) 40 ° can also be referred to as 20 °/ - 40 ° and 

the how the definitions are used are further described below. The lateral projections are always 

named first followed by a slash and the craniocaudal projection.  

  

Figure 2, Example of a C-arm setup used in angiographic x-ray interventions with anthropomorphic 

phantom used to simulate a patient.  
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Lateral projections   
Anteroposterior (AP) projection - refers to the position where the image detector is placed in front 

of the patient. “Anterior” – meaning front and “post” – meaning back. Can also be referred to as 0 

° / 0 ° (Figure 3).  

Right anterior oblique (RAO) - refers to how the image detector is located on the patient’s right 

side with the angle in degrees from AP position. The projection angle “– 60 °” can also be referred 

to as RAO 60 °, the minus sign indicating right side. For example RAO 60 ° means image detector 

tilted 60 ° from AP projection (Figure 3).  

Left anterior oblique (LAO) – In the same way as RAO, it refers to the image detector as located 

on the patient’s left side. The projection angle “30 °” can also be referred to as LAO 30 ° (Figure 

3).  

  

Figure 3, Examples of lateral C-arm projections. From the left; left anterior oblique (LAO) 30 °, 

anteroposterior (AP) projection 0 °  and right anterior oblique (RAO) 60 ° 

LAO 30 ° AP 0 ° RAO 60 ° 



  Introduction 

8 

 

 

Craniocaudal projections  
Caudal (CAU) projection - refers to the degrees the image detector is tilted in relation to AP 

projection towards the patient’s spinal cord. The craniocaudal projection angle “ – 30 °” can also 

be referred to as CAU 30 °, the minus sign indicating caudal projection angle (Figure 4).  

Cranial (CRA) projection – refers to the degrees the image detector is tilted in relation to AP 

projection towards the patient’s head. The craniocaudal projection angle “ 30 °” can also be 

referred to as CRA 30 °  (Figure 4). 

 

1.3.3 C-arm settings   
A number of C-arm settings can be set before the procedure and some parameters are updated by 

the operator during the procedure. The magnitude of tube load and tube current are automatically 

regulated by the manufacturer’s C-arm settings depending on the air kerma at the image detector. 

The rate of which the imaging pulses are delivered, i.e. pulse rate, and table height are usually set 

prior to the procedure.  Settings such as the height of the image detector and field size are adjusted 

on demand by the operator for practical and radiation safety reasons. Due to patient geometry, the 

projections needed are different from patient to patient in order to sufficiently image the area of 

interest and the projections are commonly changed during the procedures. At some larger 

projections the detector height needs to be changed due to the collision between the C-arm and the 

patient even though patient thickness is not increased. The detector height is usually controlled by 

measuring the source to image detector distance (SID), the distance from the tube source focal 

point and the image detector. The patient table can also be tilted and the height can be adjusted, 

hence it is possible to customize the table and image detector height for both patient safety and 

practical operational reasons. 

Collimators or shutters are lead plates that minimize the primary x-ray beam. This means a reduced 

exposed area to the patient, i.e. field size. With up-to-date equipment, this is steered by a remote 

and vertical, horizontal as well as total field size reductions can be made.  

Figure 4, Example of craniocaudal C-arm projections. From the left; cranial (CRA) 30 ° 

projection and to the right caudal (CAU) 30 °   

CRA 30 ° CAU 30 ° 
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1.4 Biological effects of radiation exposure 
The effect of ionizing radiation on biological tissues and organs can be divided into two categories: 

cancer and heritable effects which are stochastic and harmful tissue effects which are deterministic. 

Today, the number of radiation injuries is small compared to the number of performed medical 

procedures [2]. 

1.4.1 Stochastic effects 
The probability that a stochastic effect will strike an individual is proportional to the absorbed 

dose. The severity of the stochastic effect, i.e. what type of malignant tumor or heritable disease, 

can however not be directly correlated to the dose. Children are two to three times as sensitive to 

radiation as adults [2].   

1.4.2 Deterministic effects 
Deterministic effects are related to harmful tissue reaction. If a threshold dose is exceeded, it 

causes an irreversible injury in the population of cells in tissue. The severity of the tissue injury 

increases as dose is increased further. The reaction of radiation caused tissue injury is often delayed 

and may not be evident during the actual radiation procedure [2]. 

1.5 Radiological protection 
The fundamentals of radiological protection as recommended by the ICRP (International 

Commission of Radiological Protection) are divided into justification, optimization and dose 

limits. The first two apply to all situations using radiation and the third applies to staff, and does 

not include patients [2]. The ICRP has stated dose limits for staff working in planned radiological 

exposure situations [15]. The dose limits represents the maximum dose an individual can receive 

during a time period (Table 1) and are developed to prevent overexposure even though patient 

exposure is justified and optimized. In April 2011, the ICRP lowered the accepted eye lens dose 

for staff in planned exposure situations from 150 mSv/year to 20 mSv/year [2].  

Absorbed dose – is the measure of energy absorbed by a unit mass of tissue from ionizing radiation. 

It is measured in the SI unit J/kg and is also referred to as gray (Gy), 1 J/kg = 1 Gy. 

Effective dose – a unit used in general radiation protection. It takes the biological effect of organs 

into account depending their sensitivity to radiation. The unit is the same as for absorbed dose J/kg 

and it is also referred to in sievert (Sv), 1 Gy = 1 Sv. 

Equivalent dose – a unit used in general radiation protection. It takes the stochastic effect into 

account depending on the type of radiation. The unit is the same as for absorbed dose J/kg and it 

is also referred to in sievert (Sv), 1 Gy = 1 Sv. [15] 
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Table 1, Presenting ICRP’s recommendations for dose limits [2, 15]. 

Staff dose in planned exposure 

situations 

Recurrence Dose limit 

[mSv] 

Effective dose Annually 50 

Effective dose Annually per five years 100 

Equivalent dose to eye lens Annually 50 

Equivalent dose to eye lens Annually per five years 20 

Equivalent dose to skin Annually 500 

Equivalent dose to extremities Annually 500 

 

1.5.1 Radiation safety precautions today 

Protective garment 
In x-ray interventional procedures, staff wear protective garment. Lead equivalent aprons, 

thyroidal collar and skirts are worn and, observed on study visits to Linkoping University hospital 

and Sahlgrenska University hospital, they typically hold 0.25, 0.30 or 0.35 mm lead.  

A 0.25 mm lead protection absorbs 97-98 % 60 kV of energy and 85-92 % 100 kV of energy. A 

0.5 mm lead protections absorbs 99 % of a 60 kV tube load and 93-97 % of 100 kV tube load [16]. 

Weight is obviously a limiting factor to why thicker lead equivalents are not used [1].  

Protective eye glasses can also be used and reduce x-ray energy by around 35-95 % [4]. The wide 

range is, among other factors, explained by great variations in their design, e. g. absence of side 

shielding’s, also the operator’s left side is in closer proximity to the radiation source – the patient 

[4]. Wearing glasses is not as standardized as skirts, collars and aprons. Authors have found that 

in 36 % out of 15 cardiac interventionalists in different European hospitals [17] and 100 % out of 

17 BEVAR (branched endovascular aortic repair) and FEVAR (fenestrated endovascular aortic 

repair) interventionalists wore glasses [18]. From field studies to the Seldinger unit at Linkoping 

and Sahlgrenska University hospital, the consistent impression was that the operators wore glasses. 

Shieldings 
Other safety actions taken during x-ray interventions to reduce staff exposure are lead equivalent 

shieldings. Their main purpose is to absorb the scatter radiation from the patient and so reduce 

staff exposure. The shieldings can be placed at the long side of the operating table, on the floor or 

hung from the ceiling. Depending on the type of shielding, they absorb up to 95 % of the radiation. 

The use of sheildings varies from operator to operator and between specializations. As an example, 

ceiling hung shieldings were used by 41 % of the operators in a study of 17 FEVAR and BEVAR 

procedures [18].  
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Dosimeters 
Dosimeters are small badges measuring dose rate or accumulated dose. They can be divided into 

active dosimeters and passive dosimeters where the latter present accumulated dose and the former 

present dose rate or dose in real time. The active dosimeters generally hold less accuracy during 

measurements than passive dosimeters but they have the great advantage of dose rate readings in 

real time [19].  

The passive dosimeters are worn by all staff working close to x-ray equipment, often placed at the 

chest to monitor the individual accumulated dose [1]. 
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2 METHODS 

2.1 Literature studies 
Initially, a literature search was performed to grasp the topic at a conceptual level and also get 

familiar with the medical and scientific language used in the field of interest. Scientific databases 

have been used to find relevant articles.  

2.2 Field studies and measurements 
Real situations were observed from field studies at Linkoping University Hospital and Sahlgrenska 

University Hospital to complement collected information from research and to be familiar to the 

clinical mode of procedures. At several occasions’ coronary interventions were observed at the 

Seldinger unit, which is the clinic at Linkoping University Hospital where vascular and cardiac 

interventions are performed. At Sahlgrenska University hospital, a TEVAR (thoracic endovascular 

aortic repair) procedure was observed. 

To have a basis for the dynamic model, dose rate measurements have been done at the Seldinger 

unit at the clinic for cardiac and vascular interventions Linkoping University hospital. A two 

occasions, a Siemens multipurpose C-arm system (Axiom Artis Zee dFC, Siemens, Sweden) was 

used to irradiate adult anthropomorphic phantom (model 701-706, CIRS, Norfolk, VA, USA) 

aiming at patient left side for cardiac intervention purpose.  

2.2.1 Measurement equipment 
The scatter radiation was measured at each measurement using four dosimeters (RaySafe i2, 

Unfors RaySafe AB, Sweden) and is presented in Figure 5. The dosimeters record dose rate in 

µSv/h with two decimals and at a rate of 1 measurement per second. The uncertainty of the 

dosimeters is +/- 10% at 40µSv/h – 150 mSv/h and the accuracy is of +/- 5% when directing the 

dosimeter 5 ° from target and +/- 30% when directing 50 ° from target [20]. 

The phantom was irradiated for 15 - 40 seconds at every position and projection. To allow the dose 

measurement to stabilize. To avoid inaccuracies, the first and last few seconds of each 

measurement period were removed and the mean of the remaining values was calculated to retrieve 

the dose rate in each point. 

Figure 5, The Raysafe i2 system (Unfors RaySafe AB, Sweden) showing the four dosimeters that were used 

in the measurements. [20] 
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2.2.2 Distribution of scatter radiation 
The measurement points were located at six radial directions (0 °, 45 °, 135 °, 180 °, 225 ° and 315 

° ) and 50, 100 and 200 centimeters from the isocenter (Figure 6).  Two additional points at table 

end (230 cm from the isocenter) and operator position was also included. Four vertical positions 

from the floor (75 cm, 105 cm, 135 cm and 165 cm) made up a total of 68-80 data points, where 

the variations are due to practical limitations caused by the C-arm. The data were collected for five 

projection angles: left anterior oblique (LAO) 60 ° / 0,  LAO 30 ° / 0 °, anteroposterior (AP) 0 ° / 

0 ° and right anterior oblique (RAO) 30 ° / 0 °, RAO 60 ° / 0 °. The setup is visualized in Figure 

6, where the measurement points are black asterisks, the isocenter a red star and an example of 

dosimeter placement in relation to operator height. When referring to the data points in 

coordinates, x and y represents the position from the isocenter according to the coordinate system 

in Figure 6, and the z-axis consequently defined as height from floor. 

 

 

Figure 6, The measurement points are marked by black asterisks, as a view from above, and represents 

where data was collected at four vertical positions (75 cm, 105 cm, 135 cm and 165 cm). The isocenter is 

marked by a red star and the six radial directions radial directions (0 °, 45 °, 135 °, 180 °, 225 ° and 315 

°) with three measurement points each are shown. The typical operator position is marked by an encircled 

asterisk. 

135 ° 

180 ° 

225 ° 

315 ° 

0 ° 

45 ° 

x 

y 
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2.2.3 Scatter radiation at operator position 
The effect of varying different parameters was further studied in the typical operator position. The 

filtration, tube load (mA) and tube voltage (kV) are dynamically controlled by manufacturer’s 

settings to hold enough image quality but with as low dose as possible.  

   Table 2, The parameters that were investigated in the operator position and the varying steps 

Parameters Start value Steps of End value Reference settings 

Lateral projections RAO 90 ° 10 ° LAO 90 ° AP 0 ° 

Craniocaudal 

projections 

CAU 30 ° 10 ° CRA 30 ° 0 ° 

Patient thickness 23 cm 5 cm 33 cm 23 cm 

SID 90 cm 5 cm 110 cm 95 cm 

Field size  15 x 15 cm 5 x 5 cm 25 x 25 cm 25 x 25 cm 

Field size 25 x 15 cm 5 cm 25 x 25 cm  

 Mesuring points  

 Pulse rate 7,5 p/s,  10 p/s,  15 p/s,  30 p/s 7,5 p/s and 15 p/s 

 

Lateral projection angle was varying from - 90 ° to 90 ° and craniocaudal projection from - 30 ° to 

30 ° both with steps of 10 °. To simulate a larger patient size, a PMMA slab phantom was placed 

at patient thorax and abdomen to simulate additional 5 cm and 10 cm thickness. Source to image 

detector distance (SID) was varying from 90 cm to 110 cm with steps of 5 cm. Field size varied 

from 25 cm x 25 cm with decreased area in steps of 5 cm for both horizontal, vertical and total 

collimation. Pulse rates 7.5, 10, 15 and 30 were also investigated.  

Operator position 
Based on observations of real procedures performed by staff at the Seldinger unit, the operator 

position was defined to be 35 cm adjacent to and 80 cm caudal to the isocenter at the right side of 

the patient. The isocenter is marked by a red star and the operator position is marked by an 

encircled black asterisk (Figure 6). 
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2.2.4 Reference settings 
The reference settings for the figures showing the distribution of scatter radiation in the room were 

made as follows:  

 field size: 25 x 25 cm,  

 projection angle: 0 ° / 0 °, i e, lateral 0 ° and craniocaudal 0 ° 

 source to image detector distance (SID): 95 cm, defined as blue arrow (Figure 7) 

 patient thickness: 23 cm, defined as white arrow (Figure 7) 

 dosimeter height from the floor: 135 cm  

 pulse rate:  

o 7.5 p/s for parameters: lateral projections and patient thickness 

o 15 p/s for parameters: craniocaudal projections, SID and field size  

o 15 p/s for scatter radiation distribution   

  

Figure 7, Example of a setup with anteroposterior (AP) projection. Patient thickness is measured as 

the white arrow indicates, and source to image detector distance as blue arrow indicates. The 

operator with yellow and red apron are 165 cm and 180 cm tall respectively and are placed as a 

reference for the vertical dosimeter height from the floor. 
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2.3 Data analysis and visualization 
Dose distribution maps were constructed based on the collected data at the measurement points 

using MATLAB (version R2014b, The MathWorks inc). The functions interp1 and 

scatteredInterpolant and were the MATLAB functions used for linear interpolation and 

extrapolation. MS Excel (Microsoft Corporation, Redmond, WA, US) and MATLAB have also 

been used to visualize the data.  

2.3.1 Calculating total error  
The error propagation was calculated from three sources of errors. Error bars were included to 

some of the plots to visualize an estimated total error. The error from the angular dependency of 

the dosimeters was estimated to maximal measure 5 ° which gives an error of +/- 5 %. The error 

from the dosimeters was an uncertainty of  +/- 10 %.  

The third source of error was from measuring by hand was approximated to be +/- 3 cm in the 

horizontal direction towards and away from the isocenter. This error percentage was estimated 

from inverse square law. As an example, the typical operator position was at  √352 + 802 =

87.3 𝑐𝑚  from the isocenter. The inverse square law (eq 1) was used to estimate the error +/- 3 

cm from aimed position and resulted in a  +/- 7.2 % error. The total error in the typical operator 

position is hence calculated to √0.072 2 + 0.12 + 0.052 = ± 13.3 %. 

2.4 Dose rate model 
The dose rate model was built on interpolation between the measurement points (Figure 6). As 

data was collected at 50, 100 and 200 cm from the isocenter and at 75, 105, 135 and 165 cm from 

floor, extrapolation was performed to expand the model to the ranges: z: 50cm -> 195 cm from 

floor, x: - 300 cm -> 300 cm and y: - 300 cm -> 300 cm from the isocenter. The interpolation and 

extrapolation was first performed for the horizontal and the vertical points, creating a 3D map for 

each projection. These maps form the basis of the scatter radiation model and were followed by 

interpolation between respective coordinate in space (x, y, z) between the lateral projections. This 

was performed for lateral projections from – 60 ° to 60 ° with resolution of 1 ° resulting in 121 

3D-maps on the scattered dose. 

2.4.1 Parameter-correction-factors 
In additional to the effect of lateral C-arm projection angulation, a parameter-correction-factor was 

added to the model to include the effect of varying craniocaudal projections, the effect of thicker 

patients, pulse rate and field size. To model the effect, the factor was multiplied to the output dose 

with equal weight. 

The effect of craniocaudal projections, the parameter-correction-factors were interpolated from the 

measurement points for the four heights in the operator position. Evident measurement errors were 

also excluded. For patient thickness a mean of the measured dose was taken for of 28 cm and 33 

cm for the three distances from the isocenter. Regarding the pulse rate, a mean of the effect was 

taken for three heights and one height was excluded due to evident measurement errors. Field size 
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was modelled from the reference position, 135 cm from the floor. For practical reasons, the image 

detector height was excluded from the parameter-correction-factors. 

2.4.2 Model validation.  
To validate the model dose rate was measured by dosimeters (RaySafe i2, Unfors RaySafe AB, 

Sweden) at arbitrary positions in space x, y, z-coordinates and with varying C-arm projections, 

patient thickness, pulse rate and field size. The deviation of the output dose of the model compared 

to the measured dose was calculated. 
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3 RESULTS 

3.1 Parameters affecting scattered dose 

3.1.1 Lateral projections 
A distinct peak in dose to the operator is observed in left anterior projection 40 ° at all heights from 

floor where dose was recorded (Figure 8). Dose rate in the operator position with angulation LAO 

40 ° compared to AP 0 ° was 3, 4, 13 and 11 times higher at 75 cm, 105 cm, 135 cm and 165 cm 

from the floor, respectively. At LAO 70 °, however, the values were between 3 and 7 times higher 

than at AP 0 ° at all heights from the floor except for 75 cm, where the dose was lower. At the 

projections from RAO 70 ° to LAO 60 ° the scattered dose was highest at 75 cm from floor. 

At 135 cm and 165 cm from the floor at the respective projection angles – 40 °, - 30 °, - 20 °, - 10 

°    and - 30 °, - 20°, - 10° the doses are lower than for AP 0 ° (Figure 8). 

 

 

 

  

Figure 8, The dose rate in four heights from the floor in operator position with different lateral C-

arm projections. The pulse rate is 7.5 p/s, the craniocaudal angle is 0 °, field size 25 x 25 cm and 

patient thickness 23 cm. Error bars are included to visualize the +/- 13.3 %  total measurement error. 
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There are variations in scatter radiation distribution, visualized from the cross section at operator 

position, depending on different C-arm projections (Figure 9). Common for all C-arm projections 

there are relatively higher dose between patient and x-ray tube. The dose distribution indicate a 

similar distribution pattern for mirrored projections as – 30 ° and 30 ° although the actual dose 

varies. The image detector has an apparent shielding effect to the scatter radiation for all 

projections. The left lateral projection, LAO 60 ° has the highest dose in the operator position, 35 

cm from the isocenter at the patients right side. 

 

 

 

Figure 9, Color plots of dose distribution for four different C-arm projections from interpolated 

measurement data. Data is extrapolated from 50 cm to 75 cm from floor and from 165 cm to 195 cm 

from floor. The colorbar indicates dose rate in µSv/h. The operator position is located 35 cm at the 

patients right side. Zero values are added to the plot below the table. 
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3.1.2 Craniocaudal projections 
The cranial and caudal projections affecting operator dose are shown. There is a higher operator 

exposure with craniocaudal projections than with AP 0 ° / 0 ° for nearly all cases (Figure 10). The 

dose is highest at measuring point closest to the floor. The scattered dose is highest for CRA 30 ° 

for all heights and a 2.1 – 4.0 fold increase in dose than for AP 0 °. At 135 cm from the floor, the 

operator dose is higher for CRA 30 ° (185 µSv/h) for than CAU 30 ° (107 µSv/h). The left lateral 

projection, LAO 30 ° / 0 ° has a 11 fold increase (29 µSv/h to 305 µSv/h) in operator dose at 135 

cm from the floor compared to AP 0 ° / 0 ° (Figure 8). In addition, common for all heights from 

floor, moderate differences were seen between -20 °, -10 °, 0 ° and  + 10 ° craniocaudal projections. 

 

  

 

Figure 10, Dose rate in the typical operator position for four different heights from the floor. Note that the 

scale of the y-axis is logarithmic. The lateral projection is 0 °, the pulse rate 15 p/s, patient thickness 23 

cm, SID 95 cm and the field size is 25 x 25 cm. Error bars are included to visualize the +/- 13.3 %  total 

measurement error. 
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3.1.3 Anteroposterior (AP) projection 
Color plots at cross section from the operator position presents a fairly symmetric dose distribution 

around the patient and table (Figure 11). This is also shown when comparing the declining dose at 

the mirrored radial directions from the isocenter: 0 ° versus 180 ° and 45 ° versus 135 ° (Figure 

12).  

Figure 121, Isodose plots from two different cross sections in the operator position at AP 0 ° 

projection. The typical operator position during measurements was in fact at 80 cm caudal to isocenter 

for the left image and 35 cm adjacent to the isocenter for the image to the right. Zero values are added 

to the plot to the right below the table to show. 
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Figure 112, Plots of the dose in mirrored radial directions seen from the isocenter. To the left, 

radial directions 0 ° and 180 ° are plotted at 50 cm, 100 cm and 200 cm from the isocenter and to 

the right, the radial directions 45 ° and 135 ° are plotted. Both plots represents dose in AP 

projection at 135 cm from floor. 



  Results 

22 

 

3.1.4 Patient thickness 
A 36 fold increase (17 µSv/h to 621 µSv/h) in dose rate was observed when patient thickness 

increased from 23 to 33 cm, at 50 cm from the isocenter at the radial direction 0 ° height 135 cm 

from floor (Figure 13). A 5 cm increase in patient thickness (28 cm to 33 cm) at AP 0 ° projection 

increases dose a 2.1 – 2.4 fold at distances 50 cm, 100 cm and  200 cm to the isocenter (Figure 

13). When comparing how the projections affect scattered dose, the LAO 30 projection delivered 

significantly higher dose to operator (Figure 14). A 5 cm increase in patient thickness recorded a 

1.3 – 2.4 fold dose rate increase when covering all the projections and distances, apart from 23 cm 

to 28 cm where the change was 16 fold (Figure 13).  
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Figure 13, To the left, patient thickness affecting the dose in radial direction 0 ° at 50 cm, 100 cm and 200 

cm from the isocenter. To the right, patient thickness affecting the dose in radial direction 0 ° at 50 cm 

from the isocenter and 135 cm from the floor. 
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Figure 14, The effect of varying the C-arm projections affecting the dose rate in operator position at 

height 135 cm from floor. The green and blue column represents dose from a 23 cm and 28 cm thick 

phantom respectively. 
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3.1.5 Inverse square law 
In the radial direction 0 °, measured data is plotted with predicted dose according to inverse square 

law (eq 1). For all three projections, the measured data is higher than the predicted inverse square 

law in all points (Figure 15).  
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Figure 14, The predicted dose rate from inverse square law and the actual measure dose is plotted 

for three C-arm projections, RAO 30 °, AP ° and LAO 30 ° in the radial direction 0° (Figure 6). 
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3.1.6 Source to image detector distance 
The source to image detector distance, SID, and showed an impact on operator dose. A 1.6 fold 

increase in dose (59 µSv/h to 94 µSv/h) as table height varied from 90 to 100 measured at height 

135 cm from the floor (Figure 16). There is a linear relationship between dose and image detector 

distance up to 100 cm. 

 

Figure 15, Effect of operator dose at height 135 cm from floor in relation to image detector height. The 

pulse rate is 15 p/s, the craniocaudal and lateral projection is 0 °, field size is 25 x 25 cm and patient 

thickness is 23 cm. 
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3.1.7 Pulse rate 
A nearly linear proportional relationship between the pulse rates and the dose at operator position 

is seen at the majority of the heights from the floor (Figure 17). 

 

 

Figure 16, The effect of changing the pulse rate on dose in the typical operator position. Error bars are 

included to visualize the +/- 13.3 %  total measurement error. The craniocaudal and lateral projection is 

0 °, the field size is 25 x 25 cm, SID is 95 cm and patient thickness is 23 cm.  
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3.1.8 Field size - Collimation using shutters 
Increasing the field size consequently increases the operator dose (Figure 18). 

 

  

Figure 17, The effect of using shutters to minimize the field size. The dose is measured when minimizing 

the field size horizontally, vertically as well as total area. The dose is measured from AP projection, in 

the typical operator position at height 135 cm from floor. 
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3.2 Dose rate model 
The model is based on the dose rate measurements and the model can predict dose rate at any point 

in a 3D space for 121 lateral projections. Parameter-correction-factors are added to make the model 

applicable to more clinical situations and can manage craniocaudal projections (- 30 ° to 30 ° with 

steps of 1 °), pulse rates, field size changes and variations in patient thickness. The parameter-

correction-factors are included in Appendix A, hence not linearly interpolated due to 

impracticalities. 

3.2.1 Model validation 
To evaluate the reliability of the model, deviations of the model output against measured validation 

data is presented to the column to the right (Table 3). Validation case #1 and #2, with reference 

settings, showed small deviations from measured dose for validation ( + 2.2 % and + 7.6 %). Six 

out of eight validation cases have a deviation less than +/- 26.6 %.  The validation case with lowest 

z-value, i. e closest to the floor, had a deviation of 161.2 %. The validation case with most 

parameter-correction-factors (craniocaudal, pulse rate and field size) has a deviation of 89.4 %. In 

the majority of the cases, the model output was higher than the validation data. The row with the 

baseline information explains the reference settings that were used for the interpolated scatter 3D 

maps. 

 

Table 3, The result of the Model validation is presented. The validation cases had arbitrary coordinates in 

space and C-arm projections.  In the “Deviation” column, the measured dose for validation is compared 

to the dose from the model. In the column to the right, the total error for the dosimeter measurement is 

presented. The row with the baseline information explains the reference settings that were used for the 

interpolated scatter 3D maps. 
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4 DISCUSSION  

4.1 Parameters affecting scattered radiation 

4.1.1 Lateral projection angle 
Previous studies have reported the increasing effect of operator dose with an increased left lateral 

projection angle (LAO) [18, 16, 8].  In some cases, the dose has slightly decreased at projections 

larger than LAO 70 °. The operator dose at LAO 90 ° has a significantly higher exposure than for 

RAO 90° [8, 5]. From the measurement results, the dose increases with the left lateral projection 

angle, but starts to drop off at larger projections than LAO 40 °.  

In concurrence with the measurement results, studies have reported that RAO angulation of ~ 10-

30 ° have been giving the operator the lowest dose [5, 8, 16]. 

The measurements did not include combinations of lateral and craniocaudal projections. The dose 

rate results from head level, 165 cm from floor, at the projection LAO 60 ° / 0 ° shows a 5.9 fold 

increase to anteroposterior projection (27 µSv/h to 160 µSv/h) and Kuon et al [5] has received a 

7.3 fold increase to operator head. To put the effect of the combinations in perspective, the 

projection LAO 60 ° / CRA 20 ° has received a 15 fold increase compared to anteroposterior [5]. 

The previous studies have reported a higher dose towards the x-ray tube source [3, 7, 8], the 

measurement results do not show the direct opposite that there is a lower dose at the side of the 

image detector applies. At the larger right anterior projections (RAO) at 135 cm and 165 cm from 

the floor in the operator position, there is however an increase in dose in comparison to AP 0 °.  

The somewhat contradicting results may be due to the increase in penetration distance in the beam 

direction as well as the fact that the low dose at the smaller angles may be the result of image 

detector shielding. Furthermore, the significant dose peak at LAO 40 °, also contradicting previous 

studies, could be the result of measurement errors. From the colorplots of dose distribution, which 

are from measurements performed at another occasion, the dose is higher for LAO 60 ° than for 

LAO 30 ° in the operator position, contradicting the previous measurement. Moreover, the findings 

from the lateral projections are examples of the complex effect of scattered dose. 

4.1.2 Craniocaudal projection angle  
The result of the highest operator dose at cranial projections is consistent with another previous 

study [8]. Kuon et al [5] had a more symmetric effect to operator dose of caudal and cranial 

projections. At the larger craniocaudal projections, the beam penetration distance increases. At 

cranial projections, the image detector is tilted towards the patients head and the x-ray tube is 

closer to the operator position which is a likely explanation of the higher dose.  

4.1.3 Scatter distribution 
In concurrence with previous studies [3, 7, 8], there is a higher scatter dose at the side of the patient 

that is towards the tube source. The dose distribution at AP projection shows a higher scatter dose 

closer to the floor (Figure 9) which implies that shorter operators receives a higher radiation dose 

to the head, which often is an unprotected area. Agarwal et al [6] has the same findings. In most 
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of the projections used in the clinics the dose is higher closer to the floor. As staff wear lead 

protection and often places shielding hung from the table the lower areas of the staff is usually 

well protected. The dose to the unprotected areas, thyroid or head are hence of higher interest. 

The increased dose at the tube side of the patient is a consequence large amount of scatter in the 

direction back towards the tube. The incoming x-rays that scatter in the forward directions are 

likely to interact, i.e. be absorbed or scattered, by the rest of the tissue [8]. From the scatter angle 

plot (Figure 1), the relative probability is not uniform for all scatter angles and the probability 

varies with different energies. The scatter angle plot gives a sense of the occurrence of the photon 

scatter angles, however when including that a scattered photon can be scattered anew in the patient, 

predicting the distribution pattern becomes more complex.  

4.1.4 Patient thickness.  
The operator dose increases as patient thickness increases, which is in concurrence with previous 

studies. There was a 16 fold increase in the dose when increasing patient thickness from 23 cm to 

28 cm, in contrast to the other 5 cm increases which all resulted in a 1.3 – 2.3 fold increase. As a 

reference, Vano et al [21] had a roughly linear relationship between the operator dose and patient 

thickness and a 4.2 fold increase as thickness increased from 16 cm to 28 cm and Schueler et al 

[3] obtained an 1.7 – 3.5 fold increase, dependent on waist or collar placement of measurement, as 

patient thickness increased from 24 cm to 34 cm. When the x-ray beam penetrates a larger distance, 

as needed for an obese patient, there is more tissue that can produce scatter. Due to the increased 

distance for the x-ray beam, delivered dose needs to increase to receive an adequate image quality. 

Hence, there are two scatter producing factors.  

 

The patient thicknesses used were 23 cm, 28 cm and 33 cm, since it is not uncommon that patients 

with, for example, cardiovascular or aortic repairs are obese, larger thicknesses could have been 

included. There is a possible measurement error for the 23 cm patient thickness, as a result of the 

16 fold increase. 

4.1.5 Inverse square law.  
As the actual exposure was higher than predicted from inverse square law, the inverse square law 

is therefore not a fully reliable and safe estimation of scattered dose distribution for this purpose. 

Haqqani et al [7] has reported similar results. Furthermore, the inverse square law is defined for a 

point source in a vacuum, which are specifications neither the patient nor the angiography room 

holds. At some points, the dose rates increase when coming further away from the isocenter, which 

is highly contradictive to the laws of physics (Figure 15). The most probable explanation for this 

is shielding from the C-arm image detector (Figure 9).  

 

4.1.6 Source to image detector distance 
The nonlinearity effect of varying image detector height is consistent with the position of the 

recording dosimeter which was at 135 cm from the floor. In contrast to the results of a 1.6 fold 
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increase of a 10 cm increase of height, Haqqani et al [8] has reported an even more moderate 

increase in dose. 

Minimizing SID increases image contrast and allows for less tube load exposing the patient [5] 

and is a likely contribution to the decreased operator dose. In addition to this the image detector 

plate will to some extent have a shielding effect.  

4.1.7 Pulse rate  
The dose increases almost proportionally to the pulse rate as expected as the pulse rate indicates 

the time of exposure. 

4.1.8 Field size - Collimation using shutters 
Decreasing the field size consequently decreases the operator dose. The effect has previously been 

studied [8, 22]. As a larger tissue area is irradiated more scatter events can occur and thereby 

increase the operator dose. 

4.1.9 Parameters excluded from method  
There are parameters that affect scattered dose but are not included in the measurements nor in the 

scientific background. For example, the use of magnification will decrease the dose to operator. 

Further table changes that can be done, are that the table can be tilted as well as changing the 

height. Increasing the table height has shown an increased operator dose [8]. 

4.2 Model accuracy 
The outcome of six out of eight validation cases with the accuracy of +/- 26.6 % can be seen as an 

acceptable result. It should be put in the context that the dosimeters hold an uncertainty of +/- 10 

%. The majority of the modelled doses are higher than the validation dose and in a safety 

perspective, it is desirable that the modelled errors are higher. The model solely relies on 

interpolation between data points and measurement errors of a single dosimeter will have a big 

impact on the accuracy of the output dose. In addition, errors in the parameter-correction-factors 

will have a big impact as they are multiplied to the interpolated dose rate and the use of numerous 

parameter-correction-factors will be even more sensitive to errors. Furthermore, the validation 

cases themselves have sources of errors such as dosimeter angulation towards radiation source, 

uncertainty and the x, y, z - distances which were measured by hand.  

The interpolation between the horizontal points were made through linear interpolation. Preferably 

the interpolation should have been evaluated using quadratic or polynomial approach to more 

representative model the effect of the decaying dose according to inverse square law. However, 

the validation case #1 and #2 showed promising results of the linear interpolation, as the deviations 

were small when only changing the x, y, z – coordinate (Table 3). In addition, the investigations 

of inverse square law, indicates that the radiation is not rigorously decaying with the squared 

distance from the isocenter (Figure 15). In fact, the curve is much near linear than quadratic and 

out of a safety perspective, the model should preferably output a higher dose to not indicate a false 

safety.  
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There is no clear correlation between the parameter-correction factors or the number of parameter-

correction-factors and the deviation. Furthermore, the validation cases #4 and #5 with the largest 

deviation rather show that pulse rate or caudal projection have a great impact. Since the effect of 

pulse rate is known, that is not a likely cause and the case #7 showed small deviation of caudal 

projection. The z-coordinate closest to the floor showed the largest deviation of 161.2 % (case #4)  

and it is a reasonable weak spot for the model since the dose generally is higher closer to the floor 

and measurement errors can have a great impact. However, it is of higher interest to model the 

dose accurately to the more unprotected areas of staff, such as thyroid or eye dose, than close to 

the floor. The deviation of 89.4 % which can be the consequence of multiplication of measurement 

errors as it includes three parameter-correction-factors. 

The parameter-correction-factors are also based on the effect that varying the parameters have on 

dose in operator position. Hence, the model output for x, y – positions further away from the 

operator position are more likely to be more sensitive to oblique lateral projections and 

craniocaudal projections since the effect is associated with the x, y - placement in relation to tube 

source. The parameters-correction-factors with fairly linear relationship: field size, pulse rate and 

image detector height are a confident approach to model the parameter impact when using small 

lateral or craniocaudal projections as the distribution was near symmetric at AP 0 °.   

The image detector parameter was excluded from the model, mostly due to impracticalities as the 

image detector height usually needs to be adjusted with larger projections. The effect will therefore 

be misleading in combination with lateral and craniocaudal projection angles. Furthermore, the 

effect of lateral projections from RAO 90 ° to LAO 90 ° are  also excluded from the model as the 

scatter 3D maps are the basis of the model. 

4.3 Generalizations 
In practice, staff always wear lead aprons and ceiling or table hung shieldings are common. The 

model gives an opportunity for practicing the behavior of how to place the lead shieldings to 

protect, for example, the often unprotected operators head. Since they can easily be moved and are 

positioned by the staff, their position cannot be predicted and needs to be dynamically changed. 

The model is aimed for all interventions where the heart is the center of the image. It can serve as 

a guidance for scatter radiation for other types of interventions where other parts of the patient are 

irradiated, however, some factors need to be taken into consideration. As the penetration distance 

in the beam direction is a factor to the scatter distribution; orthopedic endovascular surgery will 

generally deliver less dose than the model as for example the leg is anatomically thinner than the 

abdomen. A patient undergoing an endovascular aortic repair (EVAR), where the x-ray beam is 

more central than for cardiac will be more likely to generate a more similar dose distribution for 

mirrored projection angles. An obese patient will probably give a higher scattered dose in EVAR 

procedures and generate a less scattered dose in orthopedic procedures.  

Evident examples of how the model differs from reality is that the scattered dose rate may differ 

when imaging a patient instead of a phantom. The PMMA put on the phantom to simulate a thicker 

patient has higher density than soft tissue. The added PMMA of 5 and 10 cm might therefore result 
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in the equivalent soft tissue thickness greater than 23 cm to 28 cm or to 33 cm. The angular shape 

of the PMMA slabs to imitate adipose tissue also differs from reality.  

The measurements are limited to a specific Siemens C-arm system. The incoming energy to the 

patient, which is regulated by the manufacturer’s specification to hold adequate image quality, 

may also differ when using different C-arm systems. However, as a 3D model focusing on reducing 

staff dose, a relative dose is good enough when practicing a safe behavior. 

Clinical interventional suites differs greatly between specializations and hospitals and the 

placement of screens, equipment and the shielding effect of the C-arm itself varies. Simulating 

scatter radiation from mathematical expressions and the effect of parameters and shieldings is 

likely to differ greatly from reality. 

4.4 Measurement errors 
There are three different sources of errors from the measurements. All of the distances were 

measured by hand and the vertical stand with the dosimeters was placed anew at the positions 

while irradiating at a new position. However another critical source is the dosimeters’ angulation 

dependency since the dosimeter stand was moved and directed by hand. As an example, a 3 cm 

error measuring the distance in operator position would have a +/- 7.2 % effect on the dose. The 

measurement equipment has an uncertainty of +/- 10 % at the dose rate range 40 µSv/h – 150 

mSv/h and an angular response of +/- 5% when directing the dosimeter +/- 5 ° from target. 

Furthermore, some of the measurements recorded by the dosimeters were lower than 36 µSv/h and 

yet are included in the results to have more complete dose rate data.  

Due to human errors, the reference position and the amount of thickness when investigating patient 

thickness is inconsistent. In addition, two pulse rates were used as reference.  

4.5 Future perspectives  
The method used in this project is a recommended approach for future extensions although with 

the suggestion of improvements. The model would have been more trustworthy if median results 

from several measurement occasions would have been used in the interpolation model. In that way, 

the impact of dosimeter inaccuracies and angulation dependency of a single measurement point 

could have been reduced. The same applies to the all affecting parameters and the critical 

parameters such as patient thickness would have been prioritized to be included in all measurement 

points in the room. Evaluating different interpolation methods would also have been valuable. 

The limitations to the amount of measurements, and hence related to the reliability of the model, 

was dependent on the access to C-arm equipment and the number of dosimeters. With further 

opportunities and resources it is believed to be beneficial for future development in this field.    
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5 CONCLUSION 

A 3D model for scatter radiation distribution to staff during cardiac x-ray interventions has been 

created. The importance of this model is that it can be a tool for staff to practice their movement 

patterns and, procedures using adequate C-arm settings in order to lower staff dose without 

compromising their surgical skills and the procedural outcome. A model that delivers relative dose 

is an intuitive approach in interventional x-ray radiation safety education for staff and in contrast 

to for example real time dosimeters it has the superior advantage of being radiation-free. This work 

completes the effect of scatter radiation distribution around the patient table, which is not yet 

evaluated as thoroughly by other authors.  

Mainly it was established that it is possible to create a model from measurement data and present 

suggestions of improvements. The findings that the image detector shields the exposure to some 

extent at the height of operator head, as well as the operator placement and movement in relation 

to the image detector can therefore work as a protection to scattered dose. The effect of image 

detector shielding has not been thoroughly been investigated in previous research. Furthermore, 

the measured dose was higher at the side of the patient towards the x-ray tube source. 

There are a lot of parameters that affects operator dose and the effect and distribution is complex.  

The critical parameters which have a great influence on the received dose are the staff position 

around the table, and especially in relation to the projection angle and the x-ray tube. The additional 

critical factor, patient size has a great impact to operator dose and more thorough investigations of 

the effect is left for future research.  
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APPENDIX A 

The first four ratios are calculated in relation to the reference settings used for the respective 

height from the floor. The reference settings are (found in section 2.2.4): 

 Lateral projection: AP 0 ° / 0 ° 

 Source to image detector distance (SID): 95 cm  

 Field size: 25 x 25 cm 

All parameters are measured from the typical operator position, except patient thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LATERAL 
PROJECTION          

  Height from floor    

Lateral  projection 75 cm 105 cm 135 cm 165 cm 

-90 0,23 0,21 3,22 4,61 

-80 0,23 0,24 3,12 4,17 

-70 0,56 0,25 2,93 4,21 

-60 0,64 0,26 1,10 4,17 

-50 0,94 0,46 1,03 4,62 

-40 1,02 0,62 0,80 1,39 

-30 0,86 0,79 0,63 0,87 

-20 0,71 0,73 0,54 0,54 

-10 0,83 0,82 0,67 0,52 

0 1,00 1,00 1,00 1,00 

10 1,73 1,57 3,16 1,87 

20 2,36 2,25 6,23 6,17 

30 2,91 3,59 10,82 10,61 

40 3,16 4,36 13,75 11,75 

50 2,15 4,16 9,75 8,21 

60 1,34 3,67 7,18 5,89 

70 0,90 3,09 5,80 4,91 

80 0,62 3,41 6,52 6,00 

90 0,41 3,37 7,44 6,73 



  Appendix A 

37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIELD SIZE USING SHUTTERS   

at height 135 cm from floor   

cm x cm 15x15 20x20 25x25 

dose rate 0,31 0,55 1,00 

 

 

 

 

  

CRANIOCAUDAL 
PROJECTIONS     cau  cau cau AP Cra cra cra   
Height from floor -30 -20 -10 0 10 20 30   
75 cm 2,11 1,36 1,27 1,00 1,23 1,96 4,04   
105 cm 1,70 1,05 1,09 1,00 0,97 1,32 2,15   
135 cm 1,36 1,05 1,03 1,00 1,11 1,45 2,34   
165 cm 1,24 0,92 1,04 1,00 1,29 1,86 2,74   

SOURCE TO IMAGE 
DETECTOR DISTANCE at height 135 cm from floor       
[cm] 90 95 100 105 110 115 
Image detector height 
factor 0,98 1,00 1,02 1,03 1,05 1,07 
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PULSE RATE   
Ratios when increase pulse rate from 7.5 p/s to 15 p/s 
at height 135 cm from floor  

h 75 cm 1,95 
h 105 cm 1,6687 
h 135 cm 2,464 
Average ratio for doubled pulse rate: 2,0276 

PATIENT THICKNESS         
Ratios when increase thickness by 5 cm      
at height 135 cm from floor      
  distance to isocenter [cm]   
  50 cm 100 cm 200 cm   
Ratio calculated: 28 cm / 33 cm 2,34 2,35 2,16   

Average ratio increase 5 cm:    2,282 
          


