
P.2. THE IMPACT OF QUALITY ASSURANCE IN MEDICAL 
RADIOLOGY IN RAISING THE QUALITY OF LIFE 

AND THE ROLE OF MEDICAL PHYSICIST IN THIS PROCESS 
 

Friedrich - Ernst Stieve, Neuherberg / Munich. 
 
Heinrich Franke, the famous physicist, who developed the principle of ”the standard 

in the X-ray image” – Die Norm im Röntgenbild [1] – in a paper in 1931, presented at the 
annual meeting of the German Roentgen Society in 1938 an invited paper on : ”the optimal 
Roentgen image and its technical means” – Das optimale Röntgenbild und seine technischen 
Mittel [2] – and demonstrated in a table of the British Author Jerman {3] the factors of the 
image quality. Since no references exist from this lecture - I was unable to find the original 
paper -  I try therefore to translate it from the German language , although a backtranslation 
often involves linguistic difficulties.  

 
Table 1: FACTORS OF IMAGE QUALITY (according to Jerman) 
 

    determined by 

  distorsion   course of the direct beam 
  to film and object   accuracy 

  of size 
  magnification   distance 

  focus – objekt – film 
  geometrical 
  unsharpness 

  focus – form – size 
  distances 

  motion 
  unsharpness 

  spontaneous and arbituary 
  movement and exposure time 

  resolution 
  (unsharpness) 

  imageforming 
  unsharpness 

  graininess and pixel size 
  of screen – film and digital system 

  radiation 
  contrast 

  radiation quality 
  scattered radiation 
  (contrast improvement factor)   contrast 

  radiographic 
  contrast 

  gradient of the film 
  linearity / non linearity 
  of the imaging system 

 
Since those factors are today the basic concepts in order to describe the physical 

quantities in the radiographic image, illuminating the process and instrumentation of medical 
imaging in diagnostic radiology I will use the table at the beginning, although the 
quantification of noise in medical imaging inherent in the radiographic and radioscopic 
process plays also an important role.  

The factors referred in this table consist of : 
 
1.)  Accuracy of size 
The results of an examination contained in the radiographic image must be compatible 

in order to inform the clinician on the course of the disease and possibly on the results of the 
treatment.  



According to an analysis which we had performed in the nineties of the last century in 
a hospital {4], we found - when the examination is justified and the necessary information can 
only be obtained in the radiographic examination – that in about 50 % of the patient admitted 
in the hospital received  radiographic examinations. From the X-rayed patients only about 5% 
received a singular radiograph, about 42 % two or three radiographs, 17 %  4 – 5 radiographs 
about 10 % 7 – 19 radiographic examinations, 12 % more than 20, and about 1 % more than 
100 X-ray examinations during the course of their  disease. 
 
 
Fig. 1:  Frequency of examinations analysed in a hospital in percent (1570 patients) 
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In order to compare  the radiographic images the positioning had to be exposed in so 

called ”normalized or standardised projections” It was the merit of Guido Holzknecht and his 
co-workers [5]  at the beginning of the last century to elect the best projections out of a 
multiple number of views the one which is the most suitable to inform the observer – 
eventually together with another projections – on empirically observed alterations from the 
normal image which might be useful to perform the diagnosis. Those “standard projections” 
to perform radiographs are today still the basis on  the exposure technique presented in 
publications on positioning for example in the book of K. C. Clarke, [6] published  in  
multiple editions. These ”standard projections” are also today the basis of  the General 
Principles associated with good imaging performance, described in the European Guidelines 
{7]. 

 
2.)  Resolution 
Resolution is defined as the ability to reproduce separate images of objects  to be 

imaged by small distances, in order to identify normal and pathologic structures in different 
organs. The resolution can be measured in optimized radiographs –possibly exposed  in a 



corpse or a specimen, on order to avoid other irritating influences, recorded in radiographs 
and analysed microdensitometrically.  
 
 
Fig. 2: Microdensitometrical determination of structures in a radiograph of a lung with 

silicotical structures. 
 

 
 

 
In Table 2 a survey of the important image details are presented. Within an typical 

radiograph the sizes of normal and possible pathologic details range form about 0.1 mm in 
radiographs of the breast to about 0.5 – 0.8 mm in the structures of the bone. This  
corresponds to about 15 lines for the breath and 4  till 6 lines on radiographic systems. 

In the European literature you will find, additionally to the description of the 
characteristic image features describing organ- typical elements and structures of important 
image  details also the term ”critical structures”[8]. Critical structures are accentuating or 
emphasising features  which are important for the diagnostic affirmation and are 
representative for the quality of the image The size of critical structures are also presented in 
Table 2. 



Table 2: Detail sices in radiographic films 

 
Detail sizes (mm) 

Organ 
normal pathological 

Critical 
structures 

Lung 0.7 – 9.0 0.5 – 400 0.3 

Skull 0.5 – 2.0 0.3 – 1.0 0.5 

Lumbar spine 0.8 – 2.0 0.5 – 1.0 0.3 – 3.0 

Pelvis, Sacrum 0.8 – 2.0 0.5 – 1.0 0.5 – 2.0 

Urinary tract 0.5 – 2.0 0.5 – 4.0 0.3 

Breast 0.05 – 1.0 0.05 – 0.3 0.18 – 0.24 
 
 
Motion 
Motion within the human body are produced from involuntary moving of organs, for 

example the heart, and its arteries, from the peristalsis of organs within the digestive tract, the 
urinary tract and other organs. The motion velocity of different organs and the appropriate 
exposure time on reducing unsharpness in radiographs are presented in Table 3 [. The 
velocity can be measured in cinefluorographic images [9]. Motion  during the exposure 
results in unsharpness. In order to minimize motion-unsharpness produced by motion, the 
resulting unsharpness due to the unsharpness of the focal spot and unsharpness of the imaging 
system should approximately be equal to the unsharpness produced by motion. The effect of 
the motion is presented an Fig  3 a and b. 

 
 
Table 3a: Motion velocity and appropriate time of exposures for radiographs 
 

Organ Motion velocity 
(mm/s-1) 

Optimal exposure time 
(ms) 

Heart 50 – 500 5 

Lung 50 – 400 5 

Oesophagus 50 – 200 10 

Upper Abdomen (stomach, spleen, 
gallduct, urinary tract) 150 – 1500 100 - 200 

Organs not immobilized (bones) 0 – 100 100 – 200 

 



Table 3b: Maximal exposure time, recommended in the Guidelines 
 

Organ Exposure time (ms) 

Thorax pa / ap ≤ 20 

Thorax lat ≤ 40 

Thorax paed. ≤ 5 

Skelett ≤ 200 

Skull ≤ 100 

Skull paed. ≤ 10 

Urinary tract ≤ 200 

Mamma ≤ 2000 

 
 
The voluntary motion due to breathing should be eliminated by holding the breath.  
Since babies and younger children can usually not be obliged to hold the breath, the 

exposure time should be limited in those radiographs to a time below 5 ms.  
 
 
Contrast 
Image contrast is defined as differences in the intensities in an image between the area 

of interest  and its surrounding background. Spiegler, in his classical book  on  the physical 
basis of X-ray diagnostics [10] differs between ”radiation contrast”, defined as differences in 
doses in a image due to differences in attenuation of structures – now  called ”radiographic 
contrast” and ”optical contrast” which  is produced by the luminance of the produced imaging 
stimulus and its immediate background. here  called detector contrast.  

The radiographic contrast , produced by X-rays, depends on the differences of 
attenuation photons in organs and other structures produced by  contrast media. The resulting 
image is also influenced by the amount of scattered radiation, which influences the resulting 
contras  in different ways, chiefly in contrast reduction. 

When using  film-screen systems the differences in dose will be  transferred in an non 
linear system in  densities or blackening of the film. The resulting contrast results from the 
transfer on the part of the characteristic curve on the film.  Within the lower and higher part 
the contrast will be transferred with low levels where as  in the linear part, the contrast will be 
augmented. This needs to place the important details of the radiographic image within the 
central part of the characteristic curve, with a mean density of about density D=1.0  till 1.2. 
Typical contrasts produced in the optimal part of the characteristic curve are presented in 
Table  4. 



Table 4: Typical contrast values, expressed in D at several typical radiographic films 
 

Organ Normal 
structures 

maximum 
values 

Pathological 
values 

maximum 
values 

lung 0.03 – 0.4 0.08 0.03 – 0.5 0.1 

bone 0.06 – 0.85 0.1 0.04 – 0.9 0.1 

kidney 
(without contrast medium) 0.02 – 0.1 0.05 -  

kidney 
(with contrast medium) 0.03 – 0.35 0.14 0.03 – 0.67 0.07 

kidney 
(Angiography) 0.01 – 0.7 0.09 0.01 – 0.6 0.08 

gallblader 0.02 – 1.5 0.08 0.02 – 0.9 0.06 

 
In electronic detectors the transfer occurs  linear. The resulting brightness can be 

performed differently, as the reproduction will be performed in a second step. – in form of   
look-up-table (LUT) which is relating the digital values of the radiographic image to specific 
brightness levels simulating the distribution and the characteristic which the user might be 
familiar on the reproduction on  film-screen systems. Contrary to the transfer on film screen 
systems with the digital reproduction the contrast can later be influenced by technical 
methods. 

 
At the end of this table of Jerman the author presents a diagram on ”Correct 

Exposure” (Fig 4). This presentation  includes already those  factors which are – also today - 
responsible for  assessing and calculating radiographic exposure conditions. The examples of 
good radiographic techniques are also included in the ”European Guidelines on Quality 
Criteria for Diagnostic Radiographic Images”[7] i.e. : 

 
 focal spot value 
 total filtration 
 antiscatter grid 
 screen film system 
 focus-to-film distance X-ray tube voltage and 
 exposure time. 



Fig. 4: Exposure factors derived from Jermen 
 
 

Correct exposure 
(according to Jerman) 

 

Distance2 (mm) Exposure 
in time (s) 

 

= 
current intensity (mA) x kilovoltage (kV) 

 

x {Objektfactor 
Photofactor (speed) 
Gridfactor 
Filterfactor 
Equipmentfactor 

 
exposure   = measurement of the ionizationproduct in air by radiation i.e. unit mass at a point of the  

human body exposed to radiation – the unit of absorbed dase is Gray (gy). 
In diagnostic radiology the absorbed dose can be replaced by the quantity "air kerma". 

 
 
 
 
Finally Jerman [3] quoted at the end of this presentation those  factors, which 

influence  the exposure : 
 

Object factor  (effective Atomic number 
  Photofactor  (speed of the screen-film system) 
  Girdfactor (grid ratio, and number of absorbing stripes)  and 
  Equipment factor (influence of the radiographic device) 

 
This concept of the correct exposure might be the first official statement of those 

physical quantities which had to be discussed also today, when using film screen systems as 
well as digital systems. 
  

Noise 
Noise is defined as the uncertainties in an signal due to random fluctuations in that 

signal the presence of which interferes with the information transfer in the system used.. 
Within the radiographic image several forms of noise had been encountered : 

  scattered photons which reach the image introduced by the statistical fluctuation of 
the X-ray photons forming the radiological image 

  irregular structures within the image due to the anatomical structure of the object, 
the so called object noise 

  structure of the imaging system – in film screen systems due to the granular 
structure of the screen and film. 

  noise at the receptor level -  represented by the irregularities in the electronic system. 
 
The analysis of noise, will be expressed and must be discussed together with the 

analysis of digital X-ray systems. as quantity ”signal to noise ratio” (SNR). 
 
Nowadays the physical  parameters which are  determining the image in diagnostic 

radiology are : 
 Resolution   expressed in Linepairs per mm (LP/mm) or Modulation Transfer 

Function (MTF) 
 Contrast (C)  expressed in differences of intensities 



 Noise (N) expressed as Signal to Noise Ratio (SNR) and 
 Dose, expressed as absorbed dose in air at the imaging system. 
 

Physical  quantities of the imaging system and its limits contained in the European 
Guidelines and some standards are presented in the following table (Table 5). 
 
 

Table 5: Physical quantities in radiographic imaging systems 
 

Optical density within 
the diagnostical important area 
(mean optical density) 

Dn = 0.8 – 1.2 

Image density  
(maximal and minimal contrast) Dn between 0.4 – 2.0 

visual resolving power 2.4 Lp/mm 

contrast D = 0.1 – 0.5 

gradation G  = 2.5 – 3.2 

dose at the imaging system ≈ 2.5 µGy 

doserate at the fluoroscopic system 0.175 – 0.25 µGy/s 

high doserate ≤ 0.6 µGy/s 
 
 
The problem of quality assurance in diagnostic radiology. 
 
It is well known that radiological images are often not produced with the adequate 

quality which ensures the justification of the procedure, does  contain the needed diagnostic 
information that may be needed to a correct diagnosis and will be produced with the lowest 
possible radiation dose. On analysing clinical radiographs that are produced with an incorrect 
use of radiographic technique or incorrect positioning  can account for about 50 % of images 
with poor quality (HPA 11]), Showalter {12]) (Stender [13]). Another frequently reason to be 
observed for producing poor image quality is the malfunctioning of the radiological 
equipment causing the actual exposure factors to deviate from the radiological equipment 
which are deviating from the settings selected by the user. Such malfunctioning can greatly be 
reduced by an effective quality control program. This was the principal goal for introducing 
quality control programmes in diagnostic radiology  and of clinical audits. 

The World Health Organization organizes therefore in 1986 a workshop designed to 
ensure that radiological equipment can yield the desired information, including both quality 
control techniques, administrative procedures and establishing  clinical audit programs [14]. 

 
 Quality assurance, as defined from WHO is the satisfactory performance in service 

and implies the optimum quality of the entire diagnostic process i.e. the consistent 
production of  adequate diagnostic information with minimum  exposure of both 
patients and personnel. 
 
The approach to the three phases is outlined by WHO in the following table : 
 



Table 6: Quality assurance in diagnostic radiology : 
 
Phase 1 : Identification of imaging requirements 

Development of equipment specifications. 

Selection of equipment 

Equipment 

selection 

phase 

Phase 2:  Installation and acceptance testing of the equipment  

Release of equipment for clinical use 

Acceptance 

phase 

Phase 3:  Monitoring of equipment performance  Quality control  

phase 

 
WHO stresses that the fundamental responsibility for a quality assurance programme 

must be placed upon the individual in charge of the facility. – The monitoring itself could be 
delegated to trained radiographers or technicians, using the equipment or a person trained in 
radiation safety. 

A  typical example of parameters to be checked for radiographic equipment is given in 
Table.7. 

 
 
Table 7: Parameters to be checked on radiographic equipment 
 

Testing required 
Recom- 
mended 
prioritya 

Item Personel 
categoryb on 

instal- 
lation 

after 
repair 

as 
necess- 

ary 
Wc Dc 

A Tube potential (kVp) P/R X X X   

A Automatic exposure 
system P X  X   

A Filtration P X X    

A Removable filters R     X 

A Light localizer P/R X X X   

A Grids R X X X   

A Mechanical stability R X    X 

B Radiation output P/R X X X X  

B Timer P/R X  X   

B Controls P/R X     

C Meter zero R    X  

C Couch top absorption P X X    

B Area exposure P X X    

B Focal spot size P X X    
 



Key: a A = essential; B = necessary for good practice; C = important 
 b P = physicist or engeneer; R = radiographer or technician 
 c W = weekly; D = daily (or more frequently, as necessary) 

 
 
According to the Council Directive of the European Union (97/43/Euratom) [15]  the 

Member States of the Union shall ensure that the  appropriate quality assurance programmes 
including quality  control measures have to be implemented by the user of the radiological 
installation 

In the meantime several international organizations, like IEC and ISO developed 
standards  on 

 
Evaluation and routine testing in medical imaging departments. 

(IEC 61223-3-1, 2, 3.)[16, 17, 18] 
 
The role of the medical physicists in the process of quality assurance. 
 
The goal  of establishing quality assurance programmes in diagnostic radiology on the 

European level is to provide some explanations on the solid regulations which are now 
embodied in the two Council Directives of the European Union for the protection of health 
workers[19,1, of patients [15] and the general public against the dangers arising from ionizing 
radiation. which must be implemented in national regulations. 

Three objectives are considered with it : 
- reduction of  the risks, when applying ionization radiation and minimization of the 

discomfort and cost to the patient and the community 
 

- reduction of radiation examinations in the number of the investigations and also to a 
reduction in medical radiation exposures 
 

- improvement of the radiological examinations. 
 
In this process the role and responsibility of medical physicists in the implementation 

of these objectives plays an important role. Since the new  European  regulations are now in 
force, it is now important to regulate  the programmes of the optimization process that 
includes the selection of equipment, the consistent production of adequate diagnostic 
information or therapeutic outcome as well as practical aspects, quality assurance including 
quality control and the assessment and evaluation of patient doses taking into account 
economic and social factors 

In this process  the medical physics expert is involved.  
According to  Article 6, No 3 of the already mentioned Directive Procedures of the 

tasks and responsibilities of the medical physicist are defined : 
 

 For other radiological practices  i.e. in diagnostic radiology – a medical physics 
expert shall be involved, as appropriate, for consultation on optimization 
including patient dosimetry and quality assurance including quality control, and 
also to give advice on matters relating to radiation protection concerning medical 
exposure, as required. 



Additionally the European Commission  as well as other international and European 
Organizations  recommend that each center - performing at least special practices -  as for 
example interventional radiological procedures –  
 should have access to expert advice on radiation protection provided ideally by, a 

medical physicist, but at least by radiographer or radiation protection officers. Advice 
should be available on  patient dosimetry, equipment selection, and quality assurance. 
(ICRP 85 4.1.6. ( 2000). 

In the Directive 96/29/Euratom [19] it concerns  - to  express it in keywords : 
-  assessment of exposures of exposed workers 
- additional controls of the occupational exposure of pregnant women. as well as of 

exposed pregnant workers as of exposed pregnant patients [21] 
- monitoring and assessing  in situations of accidental exposure 
- participation on informing exposed workers, apprentices and students who are using 

radiations 
-  advice on monitoring of the workplace 
- advice on intervention preparation. 

 
The recommendations , which are now contained in the Directive 97/43/Euratom [15] 

are requirement the domain of activity of medical physics in : 
- establishment and use of diagnostic reference levels 
- elaboration of quality assurance methods 
- advice on procedures on Performance Optimization – Quality control methods 
- participation on curricula and courses on education and training 
- development and evolution of dosimetric procedures for patients 
- development of special programmes practical techniques and equipment for exposure 

of children and procedures involving high doses to the patient 
- participation on clinical audit programmes 
- evaluation of written protocols for standard radiological examinations and elaboration 

of patient doses. 
 
It is a wide field of responsibilities and competence which should be guarded from 

medical physicists, since the knowledge, which seems to be necessary  exceeds often the  
understandings of  the medical practitioner who is entitled to be responsible for the individual 
medical exposure. 

 
Summary 
The goal on establishing quality assurance programmes in diagnostic radiology at the 

European level is to provide explanations on regulations, which had been developed by 
International Organizations on the level of  the existing knowledge on the use of ionizing 
radiation for medical diagnosis. Since it is well known that  diagnostic radiological  users 
often produce poor quality images and are applying to patients unnecessary high radiation 
exposure the criteria for performance characteristics related to good imaging quality and 
patient exposure had been established. The correct application of the principles of quality 
assurance and quality control in relation to patient exposure needs to be standardised on an 
general European level, since radiographs should be generally comparable. The 
implementation of quality assurance programmes and quality control methods could lead to 
more accurate diagnosis and better informed decisions regarding treatment. 



The role and responsibility of medical physicists in the process of image production, 
radiation exposure and quality assurance in diagnostic radiology is now implemented in this 
Directive. The tasks of the medical physicist in this process had been identified. and 
explained.- 
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