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Abstract 

Background and objective: Multiple myeloma (MM) is a haematolytic neoplasma which 

produces osteolytic lesions and necessitates the periodical radiological examination of the 

skeleton for monitoring the disease progression. This involves the acquisition of multiple 

radiographs every 3 to 6 months, depending on the extent and the stage of the disease. Our 

objective was to estimate the cumulative patient dose during the radiographic investigation of 

MM. 

Materials and methods: Sixty eight MM radiographic examinations performed with a digital 

X-ray unit were recorded on a CD-rom in DICOM format. The DICOM data were extracted 

using appropriate software (DICOM Info Extractor) and were input into a Microsoft Excel 

based spreadsheet, containing embedded algorithms for the identification of the radiological 

examination type and the estimation of entrance surface air kerma (ESAK), dose area product 

(DAP) and effective dose (E) in each radiograph. The DAP to E conversion coefficients for 

each examination type were derived using the PCXMC 2.0 Monte Carlo simulation software 

for the case of a standard adult patient utilizing the irradiation geometry as this was 

perceived from the images and the DICOM data. 

Results: The mean values [and ranges] were: for number of radiographs= 14 [7-23], for 

cumulative ESAK 13 [2-44] mGy, for cumulative DAP= 6 [1.35-16.5] Gycm2 and for E= 0.9 

[0.14-2.4] mSv.  
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Conclusion: The average E value calculated is smaller than the values of 1.7 and 2.4 mSv 

reported in the literature and even smaller than the values of 4.8 and 4.1 mSv reported for 

MM diagnosis using whole-body CT.   

 

Introduction 

Multiple myeloma (MM) is a haematolytic neoplasma which produces osteolytic lesions in 

various positions in the human skeleton. Staging and follow up of the disease for monitoring 

its progression is traditionally performed with conventional radiography. This involves the 

acquisition of a large number of radiographs every 3 to 6 months, depending on the extent and 

the stage of the disease.   

Some authors have proposed the use of low-dose whole-body CT for staging and follow-up of 

MM instead of conventional radiography, reporting better or at least equivalent sensitivity and 

reliability in the detection of osteolysis compared with conventional radiography [1-2].  

In our hospital, staging and follow-up of patient with MM is currently performed using a 

digital radiograhic unit. Our objective was to estimate the cumulative patient dose during the 

radiographic investigation of MM. 

 

Materials and Methods 

Sixty eight MM radiographic examinations performed with a digital X-ray unit (AXIOM 

ARISTOS MX, SIEMENS) were recorded on a CD-rom in Digital Imaging and 

Communication in Medicine (DICOM) format. It must be noted that though this specific unit 

is not equipped with a Dose Area Product (DAP) meter, a relevant DICOM header exists for 

storing the DAP value in case that a DAP meter is installed. 

Using specialized software (DICOM Info Extractor†, by Savvas I. Metallidis {Infomed 

Computer Services SA} and Ioannis A. Tsalafoutas) that is described elsewhere [3], all dose 

related DICOM headers shown in Table 1, were automatically extracted into a home made 

Microsoft Excel based spreadsheet, containing embedded algorithms for the identification of 

the radiological examination type and the estimation of entrance surface air kerma (ESAK), 

dose area product (DAP) and effective dose (E) in each radiograph.  

                                                 
† The Dicom Info Extractor can be downloaded for free at 

http://www.infomed.gr/en/links.aspx 
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The DAP to E conversion coefficients for each examination type were derived using the 

PCXMC 2.0 Monte Carlo simulation software. The PCXMC (STUK – Radiation and Nuclear 

Safety Authority, Helsinki, Finland) is a Monte Carlo program for calculating organ doses and 

effective doses in patients which undergo medical x-ray examinations. The program 

calculates the effective dose with both the present tissue weighting factors of ICRP 

Publication 103 [4] and the old tissue weighting factors of ICRP Publication 60 [5]. The 

anatomical data used by this program are based on the mathematical hermaphrodite adult 

phantom model [6,7]. 

 

Table 1.The tag addresses used for identification purposes (given in italics) and the technical 

parameters regarding the ESAK and DAP value calculations are shown. 

Parameter Tag address Parameter Tag address 

Exam date 0×0008, 0×0020 Tube current (kVp) 0×0018, 0×0060

Patient name 0×0010, 0×0010 Tube current (μAs) 0×0018, 0×1153 

Date of birth 0×0010, 0×0030 FDD: Focus-detector distance (mm) 0×0018, 0×1110 

Age  0×0010, 0×1010 Dose Area Product (blank) 0×0018, 0×115E 

Protocol 0×0018, 0×1030 Pixel Size 0×0018, 0×1164 

Filter material 0×0018, 0×1160 Pixel Rows 0×0028, 0×0010 

Exposure Index (EXI) 0×0018, 0×1405 Pixel Column  0×0028, 0×0011 

Image No 0×0020, 0×0013   

 

The calculation of ESAK was made using the tube potential and tube loading values given in 

the DICOM headers and output (O/P) measurements (see fitting factors a,b,c in eq. 2 derived 

for a specific reference distance FRD) performed during the commissioning of the specific X-

ray system, according to the following equations [8]:  

2
pFRD )

FSD

FRD
()(kVO/PmAsESAK(FSD)            (1) 

ckV bkV a)(kVO/P p
2

ppFRD            (2) 

Since the actual focus-skin distance (FSD) is not included in the DICOM headers, the FSD 

was derived by the simulation of each X-ray projection with the PCXMC software. For each 

type of examination included in the radiological investigation of MM, a single simulation was 

carried out assuming a FDD, radiation field size at FDD and kVp value equal to the most 
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frequently values used for this examination and an ESAK of 1 mGy at FSD. The field size 

was derived by multiplying the row and column values by the pixel size value while the 

radiation field was positioned on the phantom after reviewing representative patient images. 

As can be seen in Figure 1, when the field size at FDD is defined and the field center is 

positioned on the phantom, the PCXMC software calculates the FSD and field size at FSD. It 

must be noted that for the calculation of DAP the FSD is not needed, since in our spreadsheet 

the DAP value is derived by multiplying the ESAK value recalculated at FDD by the field 

size on the same distance (i.e. on the flat panel detector).  

From the simulations run and the resulting E values the DAP to E conversion coefficients 

were derived for each X-ray projection, using the ICRP 103 tissue weighting factors. These 

were input into our spreadsheet and depending on the examination protocol the respective 

conversion coefficient value was automatically selected.  

 

 

Figure 1. The interface of the PCXMC 2.0 Monte Carlo simulation software used to 

determine the geometric set-up of each X-ray projection is shown for the case of Lumbar 

Spine AP.   
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Results 

The statistical analysis of the most important data calculated by our spreadsheet is 

summarized in Table 2.  

 

Table 2.The statistical analysis is shown regarding the number of radiographs and the 

cumulative ESAK, DAP and E values from all projections within each MM examination. 

Statistical parameter X-ray No 
ESAK 

(mGy) 

DAP  

(Gycm2) 

E 

(mSv) 

Min 7 2.0 1.35 0.14 

1st quartile 12.8 9.4 4.3 0.6 

Median 14.0 11.5 5.4 0.7 

Mean 13.9 13.0 6.0 0.9 

Standard deviation 2.6 7.5 3.0 0.5 

3rd quartile 15.0 14.3 7.1 1.0 

Maximum 23 43.8 16.5 2.4 

 

Discussion 

As aforementioned, for all X-ray projections the DAP to E conversion coefficients were 

derived for the standard sized adult patient, a specific kVp value, a specific field size 

(dimensions and point of intersection with the patient) and a specific FDD distance. It is 

obvious that if different assumptions are used, e.g. for patients of different sizes, then the FSD 

will be different and the DAP to E conversion coefficient will be different too. However, we 

consider that the conversion coefficients used are accurate enough for dose survey purposes.  

A possible source of errors that was observed during this automated procedure was the 

incorrect use of preset anatomic examination protocols for projections other than those 

indicated in the Protocol DICOM header. It was seen that some examinations recorded as 

Pelvis AP, where rather Pelvis/Hip/Femur projections. These projections cover different 

anatomy and therefore required the calculation of a different DAP to E conversion coefficient. 

These specific projections had very high EXI values and this is how most of them were 

identified. Though the EXI indicates the dose incident on the detector and has nothing to do 

with patient dose calculations, it was included in the DICOM headers of interest since if its 

value is too low or too high this could suggest that the protocol used was not suitable for the 

radiographic exam in question. 

 

 



 

European	Medical	Physics	and	Engineering	Conference,	Sofia,	October	18‐20,	2012	
247

Conclusion 

The average E value calculated in this study is smaller than the values of 1.7 and 2.4 mSv 

reported in the literature for conventional radiography examination of MM and even smaller 

than the values of 4.8 and 4.1 mSv reported for MM diagnosis using low-dose whole-body 

CT.   
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