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Abbreviations	  
 

• PDM     personnel dose meters 
• TLD     thermoluminescent dosimeter  
• IR-lab   Interventional radiology lab 
• INR     Interventional Neuro lab 
• ICRP    International Commission on Radiological Protection  
• SSM    Swedish Radiation Safety Authority  
• EDD 30    Educational Direct Dosimeter 30  
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Abstract:	  
 
 
Interventional radiology workers job involves exposure to ionizing radiation. In Sweden 
monitoring the accumulated dose to the personnel in professions, which involves with 
ionizing radiation, is mandatory. There are many applications that can visualize and measure 
the accumulated dose of the personnel.   
The DoseAware system is distributed commercially by Philips. This device is mainly 
developed, designed and made by Unfors Instrument AB in Gothenburg, Sweden with a 
commercial name Unfors Raysafe i2. It is real time dose visualizer system which uses mostly 
to increases personnel’s awareness.  
 
This system consists of a number of PDM(personnel dose meters) which detects radiation, 
and transfers it wirelessly to a monitor that can visualize dose rate. Transferred Data will be 
analyzed by two softwares, the Dose manager and the DoseView. 
 
This study concerns about Unfors Raysafe i2's functionality, performance and usability of this 
system as a dosimeter for the staff of an interventional radiology lab. To examine differences 
to other systems and to validate it against traditional TLD measurement. 
 
The aim of the project is to control how to use the system for training of personnel working in 
environments with ionizing radiation. The more specific aim is to investigate if it is possible 
to reduce the accumulated dose by using the device during an interventional procedure. 
 
In this study, the dose aware system was installed At IR-lab of Umeå hospital. The first 
measurement session was a blind measurement, i.e. the personnel were not able to see their 
dose. Prior to the second measurement some hints was given them and explanations about 
working radiation hygiene and after that another measurement session was held, called an 
‘’open measurement’’ when they could see the Dose aware system’s monitor that displayed 
their individual doses. 
 
Comparison between acquired results from both weeks shows a decrease in accumulated dose 
to the radiologist by almost 20 % (using the workflow ratio between week 1 and 2 as a 
normalizing factor). 
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1	  Introduction:	  
 

1.1 Background 

Radiation protection has always been an essential concern since X-ray system are used more 
and more in the health care system. 
This becomes more important when it comes to interventional radiology [1] where the 
personnel stand for the most part of the all collected dose of all radiology personnel.  
 

1.2 ICRP’s Guidelines 
 
Like many other professions, interventional radiology workers have some risks in their job. 
For this staff group proper radiation protection can prevent major health risks like cataract as 
well as erythema (mainly hands).  
 
As Roux et al [2, 4] claims health risks cannot be analyzed only for deterministical effects but 
rather more importantly for stochastical effect.  
ICRP [3] has set a threshold for the annual dose that radiology personnel may be exposed to.  
 
The Swedish radiation safety authority (SSM) [9] dictates that all professionals in health care 
working with ionizing radiation must regularly check the annual dose amount that they might 
be exposed to. 
The usual technique to measure the accumulated dose is using TLD detectors worn under the 
led aprons to collect data and prepare it for further processing to determine the dose of the 
respective person. 
One of the problems with the conventional method is that even though measurement is 
performed while being exposed, the actual evaluation of that data is not done until about a 
month later so the accumulated dose is not displayed.  
In order to provide a better explanation for the radiology staff concerning the dose that they 
are exposed to, we tested a Real-Time Dosimeter, with which the dose is determined in real 
time. 
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1.3 Aims  
 
Unfors RaySafe i2 is an active dosimetry system that provides real-time insight into the 
personal dose, as well as access to time and dose data. By providing information about 
radiation, the staff can change their behavior, work routine or position to minimize the 
radiation dose. 
 
The major aims with the present work are: 
 

• To verify the Unfors RaySafe i2 against an EDD 30. This will help us to plan 
the project in a more realistic and logical way. 
 

• To validate Unfors Raysafe i2 in practice and examine the performance, 
function and accuracy.  

 
• Planning a model to apply this device in different interventional labs with the 

aim of accumulating dose reduction like IR, INR. 
 
 

1.4 The personal dose equivalent HP(d): 
 
Individual monitoring of external exposures is usually performed with personal dosimeters 
worn on the body. The true value of the quantity is determined by the irradiation situation 
near the point where the dosimeter is worn. For individual monitoring the operational quantity 
is the personal dose equivalent HP(d) [4,5,7,8]. 
 

‘’The personal dose equivalent, HP(d), is the dose equivalent in ICRU 
(International Commission on Radiation Units & Measurements) tissue at a 
depth d in a human body below the position where an individual dosimeter is 
worn’’. 

 
For penetrating radiation a depth d =10 mm and for weakly penetration radiation such as skin 
dose d =0.07 mm is recommended.  
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2 Method and materials: 

2.1 INR: Interventional Neuro Radiology  
 
Within radiology contexts, intervention means to open or expand blood vessels with the help 
of balloon dilation, catheterization, leaders or stents. Treating a patient with such a technique 
will require the use of fluoroscopy. Fluoroscopy is a form of x-ray, where the different body 
parts and organs can be seen as a film sequence in real time on a monitor. 

Studies of the Unfors Raysafe i2 were held in two periods at two different labs, first at INR 
(Interventional Neuro Radiology) lab and then at IR. 

INR personnel in Umeå Hospital started to use an Unfors Raysafe i2 aimed to measure the X-
ray’s scattered radiation. The dose information of the personnel was collected over two weeks 
while they were carrying it on their aprons. They were able to see the Real-time dose 
visualizing on a monitor installed over the patient’s table where the doctor, nurse and 
operators of the anesthesia usually work. The aim was to just teach them how to use the 
device. 

At the IR (Interventional Radiology) lab study’s information was collected over two weeks. 
During the First week personnel weren’t able to see the monitor and while during the second 
week they were. The purpose was to see if monitoring of the scattered radiation in real time 
could reduce dose to the staff. 
 

2.1.1 Interview with an Interventional Neuro radiologist: 

During an INR procedure multiple medical conditions can be diagnosed or treated. At the 
hospital where the present study was carried out, INR is most often used for: 
  

• Aneurysm 
• Dural A-V fistel 
• Arteriovenous malformation 

 
Besides these procedures also patients with emergency stroke are treated with INR. The 
treatment starts with an incision on the patient’s femoral artery where a catheter is inserted. 
Usually a radiology team consists of three or four persons.  
 

• Radiologist  
• Sterile dressed primary assistant  
• Secondary assistant 
• Anesthetist 

 
Since the radiologist stands the closest to the C-arc while he is using fluoroscopy in the INR 
lab, it is almost impossible to avoid being irradiated by secondary radiation field. 
Thus the radiologist and anesthetist get the highest radiation doses during an operation,  
Following questions was asked from physicians: 
 

• What does he/she know about radiation safety and what methods she/he might use to 
prevent being irradiated unnecessarily? 

• Which category of the above mentioned categories are irradiated mostly? 
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• Dose using the PDM will reduce their accumulated dose level? If yes, what is their 
intention for the future working routines?  

 
 

 
 
Figure 1: This schematic picture showing how the INR lab looks like at NUS. The yellow 
arrow shows position of the base station and the red arrows are pointing out the ceiling 
suspended and Table-jointed radiation protection. 
 

2.2 The DoseAware System: 
This system, which is the real-time dosimeter used in our project to visualize and monitor the 
scattered radiation consists of: 

 
 

• Set of a PDM’s (personnel dosimeter), in this case 10 pieces (figure 3) 
• A Base station  
• A cradle 
• Computer software DoseView and DoseManager. 
• 12 volts AC/DC adapter  
• Network cables  
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Figure 2: the Unfors Raysafe i2 with PDMs, base station and cradle is shown  
 
A PDM consist of 4 pieces of semiconductors layered with a film. They are calibrated 
to give an equivalent dose at the depth of 10 mm, Hp(10) in the tissue.  
The PDMs are calibrated to measure dose rates between 40 µμSv /h and 150  mSv/h. 
The dose rate measurement accuracy is ±10 % for the dose rate between 40 mSv/h - 
150 mSv/h and   ± 20% for the range of 150 mSv/h-300mSv/h 
 
 
2.2.1 Performance:  
 
When scattered radiation interacts with the PDM it will subsequently lead to the 
measuring and calculation of a dose rate via a microprocessor, the result is sent 
wirelessly to the base station with a latency time of half a second. The base station and 
the PDMs can communicate with each other at a range of 10m. The base station 
receives the dose information from all of the PDM’s and collects the data and shows 
them on an 8 inches monitor. Figure 4 shows how the Dose Aware systems 
communicate with each other. 
 

            2.2.2 Data analyzation: 
	  
There are two operative programs to visualize and analyze the data; Dose View and 
Dose Manager. Through a cradle the PDM connects to a computer and by the Dose 
view you can see the dose information history and do simple operation such as 
resetting the PDMs memory and renaming the PDMs. 
For further statistical analysis on collected data and plotting figures we are using the 
Dose Manager. 
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Figure 3:  The Unfors Raysafe i2 with its parts. It illustrates how the dose aware systems 
communicate with each other from irradiation to analyzing.  

 

2.3 EDD 30: 
 
The radiation detection instruments that was used for verification of the Dose Aware System 
is the EDD 30 made and developed by Unfors AB. (Figure 4)  
This radiation detector consists of a maneuvering unit with a display and a sensor. This device 
is able to show the accumulated dose, dose rate and the radiation duration time. EDD 30 is 
verified against an ionization chamber at the Department of Radiation Sciences, Umeå 
University, Sweden. 
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Figure 4: The EDD 30 (radiation detector made by Unfors instruments AB) 
More technical details will be found at the Appendix.  

2.4 PDM’s verification against EDD 30: 
 
Before using a new device for medical purposes it must be checked and verified. The PDMs   
measurements and performances was evaluated so we would know how accurate this device 
would perform in a real case and what results we had to expect after the real measurement. 
Many factors are included such as: 
 

• Tube voltage,  
• Tube current 
• X-ray duration 

 
These parameters are influencing the scattered radiation created from X-rays and therefore 
affecting the collected dose. 
On the other hand there are factors such as: 
 
 

• Angle dependency  
• Dose level dependency  

 
These factors influence the PDM and its accuracy. For testing the PDMs dependency on the 
parameters mentioned above, experiments were carried out at the Radiation Physics X-ray 
laboratory where the PDMs were checked against EDD 30.  
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2.4.1 Angle dependency of PDM’s and the EDD30: 
 
According to the manual instruction of EDD 30 (Appendix A) the instruments has no 
significant angle dependency between 90 and 270 degrees. 
The PDM, on the other hand, has an angular dependency according to the manufacturer and is 
as following: 
 
• +/-5 % within +/- 5°  
• +/- 30 % within +/- 50°  
• +200 % -100 % within +/- 90° 

 
The EDD 30’s detector part and a PDM were taped to the top of a drip rod (placed at a 
distance of 67 cm from the C-arc and x-ray tube) where three different angles could be 
adjusted in respect to the C-arc. A set of Plexiphantom blocks, which is a good scattered 
radiation source, lies under the C-arc X-ray generator and x-ray tube to create the scattered 
radiation. Figure 5 shows the set up. 
 

 
 
Figure 5: The set up during the verification of the PDM against EDD 30 is shown. In this 
case I was checking the angle dependency. 
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2.4.2 Energy dependency: 
The other parameter, which was important to verify, was the energy dependency of the PDMs. 
Higher energy of the x-ray photon would increase the probability to produce scattered photons 
with higher energy.  
To check this property, three different photon corresponding kV were chosen; 50, 70 and 90 
kV at constant 100 mAs. The set up was placed at 2 different positions; 
 

• Radiologist position, distance to detectors: 103cm. 
• Assistance position, distance to detectors: 131 cm 

 
 

  

2.4.3 Changes in X-ray exposure time 

Increasing the x-ray exposure time from 80 to 500 ms and keeping the current at 100 mA and 
corresponding photon energy kV at 77 kV constant was tested for checking the influence of 
the x-ray exposure time on the measurement devices. The angle was kept constant at 0°.  
 

2.4.4 Keeping mAs constant  
Tube current (mA) determines how much current is allowed to flow through the filament 
which is the cathode side of the x-ray tube. If more current is allowed to pass through the 
filament, more electrons will be available in the "space charge" for acceleration to the target 
and this will result in a greater flux of photons. 

Exposure time(s) usually denoted as an "s” and is combined with the mA. The combined 
function is usually referred to as mAs or milliampere seconds. 

To verify the response of the PDM to mAs the right Tube current (mA) and right exposure 
time (s)on my x-ray maneuvering unit was chosen, in order to keep the mAs constant, with 
other words by increasing one part the other part has to be decreased proportionally to keep 
the total mAs constant. Here the aim was to keep mAs at 25. 
 
 

2.5 Mapping the IR-lab:	  
There are several planned and emergency surgeries per week in the IR-lab at NUS. They can 
be categorized as following: 

• Aorta femoral 
• Nephrostomy (kidney operation) 
• PTC (percutan transhepatic cholangiography) = liver tumor operation 

Radiologist and assistant at IR-lab have the highest risk for irradiation by scattered radiation 
during operations. Since their accumulated dose and their position in the operation room 
during a surgery were unknown, the accumulated dose relation to their position was mapped. 
The photon energy used in IR-lab’s exposures is approximately 70kV. 
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2.6 Measurement in IR-lab 

2.6.1	  Categorization	  of	  the	  personnel	  working	  in	  IR-‐lab:	  	  
One can categorize IR-lab’s personnel into 4 minor groups, namely: 
 

• Radiologist; who usually stands the closest to the radiation field and might be 
irradiated via fluoroscopy during injecting contrast agent, catheterization and 
dilatation with balloons or afterward when he/she is taking x-ray images to see the 
final result. 

• Sterile dressed assistants who usually stand the closest to the radiologist and assists in 
procedures. This group might use the radiologist as a shielding screen or the 
suspended screen from ceiling or might take a step backward to be irradiated less. 

• Unsterile dressed assistant: who usually helps the latter categories in their tasks does 
not need to stay at the room during fluoroscopy or x-ray imaging and therefor 
receiving less irradiation.  

• Anesthetist: who very seldom are involved in this type of procedures 

2.6.2	  Preparing	  the	  measurement	  device	  
As seen in figure 6 the base station was installed on a drip stand since it had to be portable 
between IR-lab’s operation rooms. Four different PDMs were labeled with respect to which 
category the user belonged to; radiologist, sterile dressed assistant, unsterile dressed- assistant 
and anesthetist. 
A cradle was installed on the wall to hang the PDMs. and a poster was taped to the wall where 
one could see and read all information they needed to know about PDMs and the meaning of 
this study. The poster can be found in appendix B. 
  

2.6.3	  Performance	  of	  measurement	  
In this study the measurement were done in two different sessions: 

• Blind measurement (week 1): During the blind measurement session the base station 
was covered with a piece of paper, so the personnel could not see their dose rate on 
screen. They had been informed to work as usual wear PDMs while some hints were 
given to them during week about radiation protection and working radiation 
hygienically. 

• Open measurement (week 2): During this session we unveiled the base station and the 
personnel could see their dose rates on the monitor. Thereby providing the opportunity 
to alter their behavior to reduce their accumulated dose. 
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2.6.4	  Assumptions	  
 
During the measurement sessions we had to make some assumptions before starting the 
measurements: 

• All personnel of the same category were considered identical. The best case would be 
if the very same person carried the PDM during both measurement weeks. 

•  All personnel of the same category behave the same regarding positioning in the lab, 
taking a step backward to reduce the dose etc. 

• Irradiation time, surgeries and exposures were identical otherwise the accumulated 
dose rate was normalized. 
 
 
 
 

 
 
 
Figure 6: Set up for the base station installed on a drip stand for IR-lab. 
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3	  Results:	  

3.1 Angle dependency 
The acquired accumulated dose per second for the angle dependency of the PDMs and EDD 
30 can be seen in table 1, respectively mean values of each 5 measurements for same angle 
and its standard deviations can be found in table 2. 
 
Table1: Verification of angle dependency of the accumulated doses, measured with PDM’s 
and EDD 30 at different angles. 
 

Angle (degree) EDD Acc .dos. (µSv) PDM Acc .dos. (µSv) 
0 0,1428 0,1375 
0 0,1442 0,1404 
0 0,1433 0,1493 
0 0,1474 0,1425 
0 0,1462 0,1434 
45 0,1454 0,1163 
45 0,1453 0,1416 
45 0,1455 0,1446 
45 0,1485 0,1393 
45 0,1477 0,1350 
90 0,1550 0,0135 
90 0,1558 0,0209 
90 0,1568 0,0342 
90 0,1556 0,0254 
90 0,1578 0,0248 

 
 
Table2: Standard deviation and mean value of EDD 30 and PDM for the different angles are 
shown for the verification of angle dependency. 
 
 
 

 Angle(degree) EDD Acc .dos.(µSv) PDM Acc .dos.(µSv) 

Mean value 0 0,1448 0,1426 

standard deviation 0 0,0019 0,0044 

Mean value 45 0,1465 0,1354 

standard deviation 45 0,0015 0,0112 

Mean value 90 0,1562 0,0237 

standard deviation 90 0,0011 0,0075 
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Figure 7: Accumulated dose value for The EDD 30 and PDM for different angles. 

 
 
 
 
 
 
 
 

3.2 Energy dependency  
3.2.1 Radiologist position 

Results of the radiologist position for the both PDM’s and EDD 30 measurements can be 
found in Table 3 and 4. 

A plot for the Result of Table 4 can be seen in Figure 2 where the accumulated dose is plotted 
over photon energies. 
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Table 3: Comparison of EDD 30 and PDM for the different energies at radiologist and 
assistant position 
 

Tube voltage 
(kV) 

Radiologist 
position EDD Acc. 

dose (µSv) 

Radiologist 
position PDM 
Acc.dose (µSv) 

Assistant position 
EDD Acc. dose 

(µSv) 

Assistant position 
EDD Acc. dose 

(µSv) 
50 1,173 0,67 0,966 0,56 
50 1,169 0,75 0,968 0,54 
50 1,176 0,95 0,967 0,52 
50 1,172 0,89 0,967 0,57 
50 1,172 1 0,966 0,58 
70 4,283 4,35 3,49 3,15 
70 4,268 4,32 3,479 3,19 
70 4,279 4,31 3,48 3 
70 4,251 4,43 3,489 3,9 
70 4,274 4,45 3,487 3,07 
90 9,306 11,98 7,419 6,32 
90 9,207 11,05 7,431 6,45 
90 9,234 11,05 7,427 7,2 
90 9,235 10,13 7,413 6,71 
90 9,274 10,63 7,427 6,62 

 
 
 
Table4: Standard deviation (SD) and mean value of EDD 30 and PDM for the different 
energies.  
 
 
 

 Tube 
voltage 

(kV) 

Radiologist 
position EDD 

Acc. dose (µSv) 

Radiologist 
position PDM 
Acc.dose (µSv) 

Assistant 
position EDD 

Acc. dose 
(µSv) 

Assistant position 
EDD Acc. dose 

(µSv) 

Mean value 50 1,172 0,852 0,967 0,554 
SD 50 0,003 0,138 0,001 0,024 

Mean value 70 4,271 4,372 3,485 3,262 
SD 70 0,013 0,064 0,005 0,364 

Mean value 90 9,251 10,968 7,423 6,660 
SD 90 0,039 0,681 0,007 0,337 
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Figure 8: The accumulated dose value for the EDD 30 and PDM for different energies at the 
angle 0°toward the x-ray tube at the radiologist position 

3.2.2 Assistant position 
Results of the assistant position can be seen in Figure 3 where the accumulated dose is plotted 
against the photon energies. 

 
Figure 9: Accumulated dose values for The EDD 30 and PDM for different energies when the 
detectors are standing in assistant position. 
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3.2.3 Comparison between Radiologist and Assistant position 
By plotting both verification parameters in the same Figure (Figure 4) one can see that the 
PDM’s are sensitive in the following order: 
 

• Angle dependency 
• Energy level 

Figure 10 shows comparison between EDD 3 and PDM at the same Figure. 
  
 
 

 
 
 
Figure 10: The accumulated dose value for the EDD 30 and PDM at different angles 
 
 
Doing a student T-TEST shows that for the radiologist position acquired accumulated dose by 
the PDM and the EDD 30 which are separated from each other with a confidence level of 
more than 95% (P=0,0004). Same test shows that by the same confidence level the result of 
the EDD 30 and the PDM are separated from each other (P=0,0009).  
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3.3 Results of Changes in x-ray duration 
Comparison of the EDD 30 and PDM for different exposure times can be seen in Figure 5. 

 
 
Figure 11: Accumulated dose for The EDD 30 and PDM for various exposure times 

3.4 Keeping mAs constant 
Acquired Results of keeping mAs constant can be seen at Table 5:in Table 5, the mA and ms 
are varied respectively but keeping mAs constant and comparison between EDD 30 and PDM 
are shown. 
Table 5: EDD30 and PDM response while keeping mAs constant and varying mA and ms 
respectively  
 

mA ms mAs Acc .dose EDD (µSv) Acc.dose PDM(µSv) 
100 25 25 0,1 0,15 
100 25 25 0,1 0,12 
100 25 25 0,1 0,14 
100 25 25 0,1 0,13 
100 25 25 0,1 0,16 
50 50 25 0,1 0,12 
50 50 25 0,1 0,11 
50 50 25 0,1 0,12 
50 50 25 0,1 0,12 
50 50 25 0,1 0,09 
40 63 25,2 0,1 0,11 
40 63 25,2 0,1 0,1 
40 63 25,2 0,1 0,11 
40 63 25,2 0,1 0,08 
40 63 25,2 0,1 0,1 
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3.5	  Mapping	  the	  IR-‐lab	  
The accumulated dose was measured at four different points in IR-lab (Figure 6). The 
positions 1 and 3 were chosen for radiologist position and 2 and 4 for assistant position. Five 
different measurements for single exposure and fluoroscopy were taken at each point and the 
result can be found in Table 6 and 7 
 

 
Figure 12:  The circles correspond to different mapping points chosen in IR-lab  
 
Table 6: Accumulated dose for each position in IR-lab measured for fluoroscopy and single 
exposure respectively 

Position Accumulated dose Fluoroscopy (µSv) Accumulated dose Exposure (µSv) 
1 0,154 3,711 
1 0,152 3,899 
1 0,157 3,875 
1 0,144 3,876 
1 0,157 3,881 
2 0,01 0,178 
2 0,009 0,182 
2 0,01 0,184 
2 0,009 0,179 
2 0,009 0,178 
3 0,023 0,541 
3 0,025 0,562 
3 0,027 0,565 
3 0,029 0,564 
3 0,03 0,562 
4 0,042 0,788 
4 0,04 0,804 
4 0,04 0,811 
4 0,037 0,809 
4 0,041 0,794 
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Table 7: Mean values and standard deviation (SD) of the accumulated dose at each position 
for single exposure and fluoroscopy respectively in IR-lab. 

 Accumulated dose Fluoroscopy (µSv) Accumulated dose Exposure (µSv) 
Mean Value(position 1) 0,153 3,848 

SD (position 1) 0,005 0,069 
Mean Value(position 2) 0,010 0,180 

SD (position 2) 0,000 0,002 
Mean Value(position 3) 0,027 0,559 

SD (position 3) 0,003 0,009 
Mean Value(position 4) 0,040 0,801 

SD (position 4) 0,002 0,009 

3.6	  Blind	  and	  open	  measurements:	  
As can be seen in table 8, the overall accumulated doses gained during the blind week and 
open week come out from the mixture of different number of single exposures and 
fluoroscopy durations. Here, for instance, 107 exposures have been taken during the blind 
week while this number is 183 for the open week. In order to make a proper comparison 
between these two weeks, the overall accumulated doses should be considered on the same 
scale. It means that the total accumulated dose gained during the same number of single 
exposures in each week should be compared with each other. Since, for example, the number 
of single exposures is 107 for the blind week and 183 for the open week; the results of open 
week are rescaled on the base of the results of blind week. 
                          Table 8: Workflow Table for week blinded and open of IR-lab 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Week blind Week open 
Exposures  Fluoroscopy (sec) Exposures  Fluoroscopy (sec) 

28 3554 2 489 
0 105 2 99 
8 272 43 3563 
0 71 3 157 
0 61 14 2219 
0 1304 4 30 
0 535 1 77 

15 1368 8 70 
8 159 4 174 
0 254 25 1689 
0 60 27 2167 

12 532 9 224 
12 1252 8 70 
9 919 1 77 
0 264 6 38 

15 647 19 1059 
    7 164 
    0 16 
    1 114 
    1 86 
    0 112 
    11 529 
    1 56 
    1 166 

Total 107 11357 183 12366 
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Looking at Table 2 and 4 it is found that for each second of fluoroscopy contributes with 
0.1426 µSv to the overall accumulated dose and the contribution value is 4,372 µSv for each 
single exposure at 70 kV photon energy corresponding kV the radiologist position, 
respectively. 
 Thus each exposure is equal to 30 seconds fluoroscopy. Expressing the overall workflow for 
each week in terms of the fluoroscopy duration unit (sec) yields 14567 seconds of fluoroscopy 
for the blind week and 17856 seconds of fluoroscopy for the open week and that ratio gives us 
the scaling factor. 
Multiplying the open week overall accumulated dose by the scaling factor!"#$%

!"#$%
≈ 0, 82, 

which is the workflow ratio of blind week over open week, gives the rescaled result for the 
accumulated dose for open week. 
 The rescaled results for the accumulated dose have been plotted in Figure 14, which shows a 
decrement of 20 % in the acquired accumulated dose (from 0,31 mSv to 0,26 mSv) during the 
open week compared to the blind week for the radiologist.  
Accumulated doses for the blind week are plotted vs. time in the Figure 13. 
 
  

  
 
 
Figure 13: Accumulated dose of week blinded respective week open measured with the PDM. 
The accumulated dose of week open is normalized to the ratio of workflow between week 
blinded and open 
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3.7:	  interview	  with	  different	  physicians:	  
 
First physician has been aware of the disadvantages of scattered radiation and the following is 
what he proposes as work radiation safety: 
 

1. Using lead aprons and thyroid protection 
2. Using radiation protection screen (suspended from the ceiling) as much as it is 

possible 
3. Try to keep a big distance to the radiation source  
4. Try to go out from the room when assistants are exposing the patient by x-ray tube 

 
Second candidate works as radiologist at IR-lab and she thinks that the accumulated dose 
reduction was not a coincidence but more or less a consequence of the Dose Aware System 
and using the ceiling suspended glass shielding. She claims that she was more careful when 
she could see Base Station.  
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4:	  Discussions:	  
 
This project consists of two main steps. First, verification of the reliability of the detector, 
which is used in our study and second reduction of the accumulated dose absorbed by the IR-
lab personnel if they could see it in real-time. 

4.1	  Detector	  reliability	  	  
 
Different characteristics of an unverified PDM has been investigated with respect to an 
already verified EDD 30 detector that is used as a reference to see if this new device is 
reliable enough for our purpose or not.  

4.1.1	  Angle	  dependency	  of	  the	  accumulated	  dose	  for	  PDM	  
 
One can see from Tables 1 and 2 that when the incidence angle increases, the detected dose 
by PDM decreases. Since the PDM is angle dependent and has been calibrated at zero degree 
by the manufacturer while the EDD 30 has more or less no angle dependency, the above-
mentioned behavior was somehow expected. From a radiation protection point of view, this 
angle dependency of the PDM has a significant influence on dose absorption by this device. 
As the PDMs carried by the radiologist and surgery assistant has different angles to the same 
x-ray beam, the monitored value by them will not be the same even if they are equally 
exposed to that source. Hence, PDM cannot be the only dose-monitoring system for this 
group of the radiology department staff. 
 

	  4.1.2	  Energy	  dependency	  of	  the	  accumulated	  dose	  for	  PDM	  

4.1.2.1	  Radiologist	  position	  	  
 
If the incident angle is set to zero degree for both PDM and EDD 30 devices, then the 
sensitivity of these two devices with respect to X-ray beams with different energies could be 
compared. Actually this zero value suggested above for the incident angle corresponds to 
what in reality happens to the PDM worn by the radiologist. As it can be seen in Figure 2, the 
PDM shows different trends for different energy levels. The PDM has been calibrated at 67 
kV. Thus, its performance is optimal around this energy level (70 kV here) and it works more 
or less the same as EDD 30; however, its performance deviates from the optimal efficiency 
for other energy levels. At 50 kV the accumulated dose by PDM is slightly lower than the 
accumulated dose by the EDD 30 but at 90 kV the accumulated dose by PDM is much higher 
than that of EDD 30. 

4.1.2.2	  Assistant	  position	  	  
The sub-experiment setup here is exactly the same as in radiologist position case, except that 
the incident angle is non-zero degree (approximately 45°, here).  
Contrary to the previous case, Figure 3 shows that in every energy level the accumulated dose 
absorbed by the PDM stays lower than that of EDD 30. Hence, the energy dependency of the 
PDM seems apparently to be somehow angle-dependent as well. In order to make it a bit 
clearer, the results from both of the above-mentioned sub-experiments have been plotted in 
the same diagram (Figure 4). As it can be obviously seen in Figure 4, the angle dependency of 
the PDM dominates the energy dependency of this device.  
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4.1.3	  Irradiation	  duration	  dependency	  of	  the	  accumulated	  dose	  
 
The accumulated doses absorbed by the PDM and the EDD 30 have been measured with 
different exposure times, the results of which have been plotted in Figure 5. There exists a 
normal proportionality between the accumulated dose absorbed by the above-mentioned 
devices and the irradiation duration. Figure 5 shows that this proportionality is of a linear 
type. Roughly speaking, the longer the irradiation duration is the higher the accumulated dose 
absorbed would be. 
 
Considering the above discussion and referring to the corresponding tables and figures, one 
finds out that the PDM might be regarded as a reliable-enough device to be used for our 
survey. 
 

4.2	  Radiation	  protection	  training	  influence	  on	  the	  IR-‐lab	  personnel	  
 
Using the PDM in measuring the accumulated doses absorbed during the blind and open 
weeks, it is found out that the measured amount had a reduction of 20 % after the personnel 
got certain radiation protection hints. 
 
Accumulated dose absorbed by the group under study obviously shows a reduction in a short-
term run. However, one may not say anything about the outcome of a long-term run just by 
induction. In the long-term run, the personnel might, e.g., gradually start to take less care of 
the training protocol or they might need extra up-to-date lectures to keep the absorbed dose 
low. Investigating such factors in a long-term run would be interesting and may construct the 
topic for another project. 
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5	  Conclusions:	  
 
PDM is a good visualizing detector for a group with the less technical knowledge. It is easy to 
use from a performance point of view. It can be classified as a user-friendly detector where 
the wearing it on apron and working with it is fairly easy in comparison to EDD 30. 
I recommend to board of direction of NUS to purchase this device for the different labs with 
the purpose of the dose reduction among the personnel.  
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Appendix	  A:	  
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Appendix B 

 
Realtids Mätningar kommer att pågå under två veckor, nämligen vecka 46 och 47(Mån-fre). 
Under vecka 46 kommer vi att utföra den s.k. ’’blind mätning’’ då får man inte se displayen 
och under vecka 47 kommer vi att avtäcka displayen.  
 

Dosmätning i realtid med Philips Dose Aware  
 
Personalen i detta röntgenlab bär alltid små brickor (s.k. dosimetrar) 
som mäter hur stor stråldos man blivit utsatt för i sitt arbete. Dessa 
dosimetrar avläses månadsvis och kontrolleras av sjukhusfysiker för att 
säkerställa att ingen i personalen utsätts för högre dos än vad man 
bestämt är acceptabelt i en arbetsmiljö. Även om detta system fungerar 
bra för ändamålet så är det väldigt lång tidsfördröjning innan personalen får återkoppling 
kring vilken stråldos de utsatts för. 
 

Det nyligt installerade dosövervakningssystemet Dose Aware 
mäter stråldos i realtid och presenterar denna på en display 
inne i labbet. Detta hjälper personalen att direkt få återkoppling 
rörande vilken stråldos de utsätts för under de olika momenten 
av den aktuella undersökningen/behandlingen. Denna 
återkoppling ökar medvetandet kring vart strålning finns i 
rummet vilket möjliggör att personalen kan öka strålhygienen 
på arbetsplatsen. Dosmätningen med Dose Aware är alltså 
enbart i utbildnings-/utvecklingssyfte. 
 

 
Dosimetrarna som hör till detta system skall bäras på överkroppen och 
utanför blyförklädet. 
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