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Nowadays, it is well-known that teleradiology represents the new frontier of 
radiodiagnostic imaging. In this case, the continuous broadening of 
transmission bands and the more sophisticated procedures of information 
packaging constitute a no negligible inducement. Moreover, standards used 
to convert analogical signals into the digital ones, necessary to transfer via 
ether radiological images and information, involve a more limited loss of 
information. 
Nevertheless, unlike the common images, in case of the X-ray diagnostic 
images it must take into account that the Euratom Council Directives give 
the health physicist all the procedures to be followed for checking the status 
of X-ray equipments. In particular, the Euratom Council Directives provide 
minimum criteria of acceptance for parameters that characterised the 
correct working of the radiological equipments and the guide lines for 
standardised execution of X-ray images, in order to obtain high quality 
information. In addiction, for maintaining such level it is necessary to adopt 
adequate programs of Quality Assurance. 
Naturally, the high quality of radiological images must be conserved after 
the transmission of information. So, in order to evaluate the amount of 
losses that can be introduced after transferring the X-ray images from 
source to user, the authors have carried out specific procedures in order to 
evaluate the quality level of the images after transmission and to compare 
them with the correspondent ones acquired at the equipment console. To 
this aim, the AAs have identified all the parameters able to verify the 
quality level of the images and measured the values obtained for the 
directly acquired images and the transferred ones. They have also 
considered different kinds of transmission protocols to define suitable 
procedures of remote quality controls. 

 
INTRODUCTION 

 
Clinical images take up a very important place in modern medicine. In 

particular, the more detailed distribution of imaging equipments that has been 
observed in these years and the technological improvement associated to it, allow 
to develop considerably the diagnostic imaging. 

In fact, the diagnostic imaging is based on the correct evaluation of high 
resolution images by technologically sophisticated equipments, such as Computer 
Tomography, Magnetic Resonance, etc that are able to enhance alteration in human 
body. 

Recently, the imaging has taken advantage of progress in 
telecommunications, to support the transfer of diagnostic images in and/or out a 
sanitary structure. Actually all digital information, such as images and data can be 
digitalised, elaborated, saved and transferred to remote workstations. In this 
context, teleradiology represents the new frontier of the diagnostic imaging. In 
fact, the transfer of the diagnostic images on digital supports let the easy 
transmission of data between two or more workstations, with the possibility of 
data sharing. In general, telemedicine consists of integration, monitoring and 



management of patients, also using specific systems that permit a prompt access to 
experts’ medical advice and patients’ information whenever they are.  

In particular, the improvement of acquiring and elaborating procedures by 
dedicated workstations has permitted the realisation and the expansion of filmless 
departments. The full digitalising process implies new problems, related to the 
quality of the digital images transferred through net protocols. 

Nevertheless, unlike the common images, in case of the diagnostic images it 
must be taken into account that specific Directives give the health physicist all the 
procedures to be followed for checking the status of diagnostic equipments. 
Therefore, such Directives, that take into account the continuous development of 
imaging equipments and techniques, point out the importance of adopting adequate 
programs of Quality Assurance (QA) necessary to assure high quality standards and 
their maintenance; such programs must guarantee the correct working of the 
imaging equipments, with particular reference to the requirement of an high 
quality level of the diagnostic images. So, it is important to periodically test the 
diagnostic equipments and quality controls (QC) hold a key role inside the QA 
procedures, since they allow completely evaluating the systems status and the 
images quality. 

Naturally, the high quality of radiological images must also be maintained 
after the transmission of information. So, in order to evaluate the amount of losses 
that can be introduced after transferring the diagnostic images from source to 
user, the Authors have carried out specific procedures in order to evaluate the 
quality level of the images after transmission (off line controls) and to compare 
them with the correspondent ones acquired at the console (on line controls). In this 
context, the Authors have developed a new method to conduct the quality controls 
that, using the technological progresses in computer area, could represent an 
alternative methodology, different to the traditional procedures. In particular, the 
elaborated procedure starts up on the images quality controls of specific phantoms 
and allows to obtain any significant information about the quality of net 
architecture. So, to this aim, the Authors have identified all the parameters able to 
verify the quality level of the images and measured the values obtained either for 
the acquired images and the transferred ones.  

 
METHODS AND MATERIALS 
 

The elaborated procedure consists of two subsequent steps: the first one 
consists in elaborating the images at the medical equipment console, the second 
one in acquiring and elaborating them through software packages available for 
sale. The obtained results have been compared in order to obtain detailed 
information about the quality of data transmission. To conduct the on line and off 
line elaborations the Authors have used: 
Hardware: 

• A dedicated workstation 
• A VIDAR VXR-12 Film Digitizer, with the possibility of customizing the Look 

Up Tables (LUT) 
• Dedicated phantoms set 

Software: 
• Image Pro Plus of Media Cybernetics Inc. 
• Paint Shop Pro 7.0 
• Dedicated macros appositely elaborated 



The quality controls have been performed on CT and MR medical equipments. 
The CT quality controls have been conducted by employing a dedicated phantom; 
which consists of a PMMA cylinder filled with water. 

The MR quality controls have involved customised phantoms that consists of 
a PMMA cylinder filled with CuSO4 5H2O + H2SO4 + 1 ml/l antialga (ARQUAD) solution 
(T1=300 ms, T2=280 ms). 

For both procedures, at first, the Authors have acquired the phantoms’ 
images and, after, they have elaborated and analysed them at the equipment 
console. Then, the acquired images have been stored and/or transmitted to a 
printer. The stored ones have been transferred to the dedicated workstation, at 
the Department of Protezionististica Ambientale, Sanitaria, Sociale ed Industriale 
(DIPASSI) of the University of Messina, the printed ones have been acquired by the 
same workstation, through the VIDAR Scanner, for the next elaboration. 

All the images on traditional supports have subsequently been acquired with 
8-bit in depth and 300 dpi in resolution; so, all images have 256 grey levels for 
channel. Then, spatial calibration has been performed on all the acquired images 
and regions of interest (ROI) have been identified and statistical analyses have 
been conducted on them. Finally, the so obtained results have been elaborated by 
the same algorithms used for the on line quality controls. 
 
RESULTS AND DISCUSSION 
 
CT diagnostic equipments 

The images on traditional supports have been acquired and, then, elaborated 
by using the same procedures that have been conducted at the equipment console. 
The software in use has permitted carrying out mean values of grey levels and their 
standard deviations. The following parameters have been measured: 

• Noise 
• Uniformity 
• CT values 
• Slice thickness 
• Spatial resolution 

The CT values have been expressed at the equipment console as Hounsefield 
Units (HU)    (-1000<HU<+1000), whereas after the acquiring and elaboration 
processes they have been expressed as grey levels (GL) (0<GL<255). In addiction 
the scale hasn’t been linear (Fig. 1). 



 
Fig. 1 – Relation between grey levels and Hounsefield Units.  

 
However it could be possible to calibrate them by adequate phantoms that 

consist of enclosed structures with different density values. In table 1, the 
comparison between the noise and uniformity values at the console and the 
measured ones at the dedicated workstation is reported. 
 

 Console Images(HU) Digitalised Images 
(GL) 

Noise (standard 
deviation) 2.0 1.9 

Uniformity (mean value 
of the differences 
between the peripheral 
values and the central 
one) 

5.87 5.92 

 
Table 1 – comparison between the results obtained by elaborating the console images and the 
digitalised ones (Noise and Uniformity). 

A good correspondence has been found for geometric measurements, such as 
the slice thickness measure. In this case, three different reference values of slice 
thickness (10, 5 and 2 mm) have been considered and all the images have been 
displayed using an adequate zoom factor (1X, 2X and 5X respectively).  

 



 
 

Fig.2 – phantom section dedicated to slice thickness measurement 
 
On these images, axial lengths, La and Lb (Fig. 2) have been measured and the 

slice thickness has been calculated by the expression: 
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The comparison between the different procedures has been showed in table 

2: 
 

Slice thickness  
(reference values) 

Console Images 
(mm) 

Digitalised Images 
(mm) 

10 mm 10.55 10.55 
5 mm 5.82 5.22 
2 mm 3.37 3.44 

 
Table 2 – comparison between the results obtained by elaborating the console images and the 
digitalised ones (slice thickness) 

 
The spatial resolution has been carried out by the evaluation of the 

Modulation Transfer Function (MTF). Beyond the different course of the MTFs (Fig. 
3), the minimum value, which is directly related to the spatial resolution, is the 
same for both procedures. 



 
Fig. 3 – comparison between the results obtained by elaborating the console images and the 
digitalised ones (spatial resolution). 
 
MR diagnostic equipments 

The QCs have been conducted at the console and on all the acquired images, 
either the transferred ones by Telnet ANSI 7-bit (Hyper Terminal) protocol and the 
digitalised ones. The QCs procedures have involved the following parameters: 

• Signal/Noise ratio 
• Uniformity 
• Geometric Distortion 
• Slice Thickness 
• Slice Position 
• Spatial Resolution 

The Signal/Noise ratio (S/N) and the Uniformity (U(%)) have been evaluated 
by calculating the following parameters: 
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where 
C = mean value of the grey levels on the image 
B = mean value of the grey levels on the background 
Smax = maximum value of the signal 
Smin = minimum value of the signal 
 

The obtained results have been showed in table 3. 
 



 Console Images Transferred 
Images 

Digitalised 
Images 

S/N (C) 117 119.29 201 
S/N (B) 125 118.14 12.56 
B/sd(B) 1.9 1.4 3.16 

Uniformity 2.9 5.59 10 
 
Table 3 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (signal/noise ratio and uniformity). 
 

The geometric distortion has been determined by the analysis of the 
dedicated section of the QC phantom, which is composed of 45 repers (5 mm in 
diameter). All the diameters have been measured either in horizontal direction and 
the vertical one; then for all the repers the differences between the measured 
values and the reference ones have been considered: 
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where 
 
V = vertical direction 
H = horizontal direction 
m = measured value 
r = reference value 
 

The integral linearity has been carried out by calculating the mean value and 
the standard deviation of the differences for both directions. 
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The off line elaboration has been performed through the analysis of the Line 
Profile function, that relates the values of grey levels with the distance from the 
starting point; the results have been reported in Fig. 4. 



 
Fig. 4 – example of the course of the line profile function. 

The peaks correspond to the repers, the diameters have been measured by 
the evaluation of the FWHM. The same procedure has been followed for all the 
peaks and for all the line profiles. The comparison between the different 
procedures has been reported in table 4 and 5. 
 

Horizontal 
direction Console Images Transferred 

Images 
Digitalised 

Images 
Int. Av. 0.1 0.14 0.53 
Int. Dev. 0.1 0.21 0.26 

 
Table 4 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (integral average and integral deviation for the horizontal 
direction). 
 

Vertical direction Console Images Transferred 
Images 

Digitalised 
Images 

Int. Av. 0.2 0.18 0.59 
Int. Dev. 0.2 0.3 0.19 

 
Table 5 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (integral average and integral deviation for the vertical 
direction). 
 

The slice thickness has been determined by means of the FWHM of the profile 
showed in Fig. 5. After, the slice thickness has been carried out by the following 
expression 
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Fig. 5 – phantom section dedicated to slice thickness measurements (a) and the Line Profile obtained 
after the acquisition and the elaboration processes (b). 

 
In addiction, on the same images, the FWTM that has been related to the 

slice position has been measured. The obtained results are showed in table 6 
 

 Console Images Transferred 
Images 

Digitalised 
Images 

FWHM (mm) 6.6 7.1 6.9 
FWTM (mm) 8.5 8.3 7.6 

 
Table 6 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (FWHM and FWTM). 
 

At last, the spatial resolution has been carried out by the FWHM of the Point 
Spread Function (PSF) for both directions (Fig. 6). The comparison between the 
adopted procedures has been reported in tables 7 and 8 

 
Fig. 5 –example of the course of the Point Spread Function (PSF). 



 
Horizontal 
direction Console Images Transferred 

Images 
Digitalised 

Images 
Pixel Size 1.064 2.7 2.2 
MTF_50 0.5 1.4 1.1 

 
Table 7 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (spatial resolution for the horizontal direction). 
 

Vertical direction Console Images Transferred 
Images 

Digitalised 
Images 

Pixel Size 0.996 2.4 2.6 
MTF_50 0.5 1.4 1.3 

 
Table 8 – comparison between the results obtained by elaborating the console images, the 
transferred ones and the digitalised ones (spatial resolution for the vertical direction). 
 
CONCLUSIONS  

 
The obtained results can prove the reliability of the procedures useful to 

verify the quality of images transferred to remote workstations. In particular, the 
study conducted on CT and MR medical equipments has highlighted the possibility 
of testing different transmission protocols. In fact, nowadays, the data transfer is 
achieved using Worm CD-R as supports, but the possibility of employing DVDs’ 
mustn’t be ruled out.  

More generally, the development of wide band technologies, wired and/or 
wireless, could permit reaching 256 kB/s, moreover it is possible to connect via 
satellite two or more workstations. All these technologies could be shortly applied 
to the image diagnostic. 

Since the protocols used in data transmission are all mistake correction’s 
protocols, the Authors want to define adequate guide lines to test and verify the 
data transferred from a console to another, whatever was the transmission’s 
modality in order to determine the correspondence between the data received and 
the transmitted ones. 
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