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ABSTRACT: Regular implementation of quality control in diagtio x-ray facilities is essential to
provide good quality images which lead to propeagdbses with minimum hazard and distress.
Important performance tests in diagnostic radiologangladesh are carried out according to a tyuali
control protocol and the measured parameter vatesompared to the relevant acceptance limitthisn
work, beam alignment, field congruence, nominabf@pot, film-screen contact and half value layer f
diagnostic x-ray facilities are measured by usiegrb alignment test tool, RMI/Victoreen collimatest
tool, Bar pattern focal spot test tool, film/scremmtact test tool (RMI143D), Gammex RMI step wedge
and densitometer from forty different diagnosticay-facilities in Bangladesh. For congruence betwee
optical and radiation fields, 77.5% are found towdthin limit and 60% of facilities are within theeam
alignment limit. For most of the installations, 9%0 nominal focal spot size of diagnostic x-ray maeh

is matched perfectly with the rating of focal spie. In an effort to improve image quality, thiedy has
checked the film-screen contacts of multiple féeid and found 65% to have the expected uniformity.
While investigating half value layers (HVL), a maes of x-ray beam quality, it is found that nonettod
diagnostic x-ray installations can achieve the meoended levels.

Key words. Quality control, Beam alignment, Field congruendalf value layer (HVL), Nominal focal
spot and Acceptance limit

1. INTRODUCTION

Quiality control in diagnostic radiology is essehttaensuring accurate diagnostic information dtrogl
radiation doses [1-4], thereby making it possileréduce unnecessary radiation hazard to patients,
workers and the public. In Bangladesh, many x-ragcmes are installed and commissioned, ignoring
radiation protection aspects and safety consideratind are operated without a proper quality obntr
programme. This results in contributing to a larg€iation dose to human beings and also affects
diagnostic image quality which may not provide aatel diagnostic information. Though x rays are
extensively used in the diagnosis of diseases mjndyiall over the world improper use of x rays can
produce biological damage because of its ionizeigime. As a result, it has long been appreciatetitiie
irradiation of the patient should be kept to thedst limit consistent with sufficient image qualjBr10].
Proper assessment of any disease or fracture deperthe quality of the diagnostic images [11], ckhi
are affected by many factors such as beam alignrfieniscreen contact etc. Fault in any single dact
may impact the final image quality because theofactire largely interdependent. Therefore, quality
control in diagnostic x-ray facilities is requiréat the safety and improved performance of theesyst
Certain essential quality control tests, which hgreater effect on the final diagnostic image duadire
investigated in the present study. Tests are caadum some diagnostic x-ray facilities accordiogt
quality control protocol, and the measured parameatues are compared to the relevant acceptance
limits [12].

The congruence between optical and radiation fiebdprevent irradiation of unwanted areas during
radiography and to limit the amount of scatterediation reaching the area of clinical interest is
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investigated. Beam alignment tests are performezhézk the perpendicularity of the x-ray beam ® th
image receptor.

The focal spot size for diagnostic x-ray machireshecked to ensure that focal spot size and sirape
not altered as a result of bombardment of electoorihe target. A small focal spot yields more iflétaa
radiograph and produces x-ray images with minimium b

Poor contact between film and intensifying screaunses loss of resolution in the image, which occurs
due to light diffusion. In this case, blur or damkages are produced within the area of poor confdas

can lead to improper diagnosis, requiring furthiagdostic attempts.

In diagnostic radiology, the half-value layer (HVb}) the x-ray beam is needed in order to judge the
beam quality of the x-rays spectra.

2.METHODSAND MATERIALS

In the present study, different parameters esddatienprove
diagnostic image quality, and thus to reduce tlek wf
hazardous effects of ionizing x radiation, are stigated
from forty different diagnostic x-ray facilitiesh€se facilities
are shown by code numbers. The measurement presedu
followed are described below.

2.1 Beam Alignment

Perpendicularity of the x-ray beam to the imageepéar is
measured to reduce diagnostic image distortion [h2jase a
grid is used, the distortion may be magnified ahid tan
result in the complete loss of minute details. He present _ _ _
work, the collimator test tool is placed on themfitassette. Fig.1: Radiograph of beam alignment
The beam alignment tool is also kept at the ceofethe

collimator test tool. The x-ray tube is directedepvthe
collimator test tool at a distance of 100cm frone thim

cassette and optical field is collimated at thekadmrectangle
of collimator test tool. Then film is exposed areleloped. A
radiograph of the beam alignment test is showrigrilF

In this case, if the image of the top ball (largdradow)
intercepts the first circle, the beam is abouf avéay from the
perpendicular and, if the image of the top baleioépts the
second circle, the misalignment i\8ith a tolerance limit of
about 1.8 from the perpendicular [12]. Therefore, the
performance of the x-ray unit is considered satisky only if
the image of top ball intercepts the first circle.

2.2 Field Congruence i )
Fig.2: Radiograph of bar pattern

For this study, an RMI/ Victoreen collimator testol is focal spot

placed on the film cassette, and the optical figlddjusted to

match with the rectangular outline of the test t@gour metal

markers are kept at the four corners of the light¥. The focus-to-film distance is set at 100 loefore
the exposure; the film is processed and the dieplaat error is determined from the scale appeaning
the processed film. In this case, the tolerancé lifneach side is 2% of FFD (Film to Focus Disthnc
[12, 13, 14, 15].
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2.3 Nominal Focal Spot

Periodic evaluation of nominal focal spot size e @f the important parameters of quality assuramce
diagnostic radiology. Evaluation of nominal focpbssize is performed by placing the bar pattenalfo
spot test tool on the cassette containing the fiimthis arrangement, the bar pattern is suppdoied
Perspex cylinder approximately 15 cm above the-fimsette. The x-ray tube is positioned over the te
tool so that the x-ray target is about 45 cm fréva bar pattern. Implied radiograph of the bar patte
focal spot test is shown in Fig. 2; groups of reable bars are evaluated from the processed raglibgr
Nominal focal spots of the x-ray tubes are deteeaiifrom the chart, given in Table 1, which relates
resolution with rated focal-spot size.

2.4 Film-Screen Contact

Film-Screen Contact is checked by the radiografilni¢ screen contact test tool (RMI 143D) in diféet
diagnostic x-ray facilities to assess the propettact between film and screen. For the measurertient,
cassette whose film-screen contact is to be cheiskehded and placed on the x-ray machine, 100 cm
from the tube-target.

Table 1: Nominal focal spot size from bar pattern test tool

Grouf Ip/mm Diameter (mm) in plane ¢ Focal spc Focal spc
focal spot (Nominal) (Actual)
(mm)

1 0.€ 6.67 2.C 2.6%3.6¢
2 0.7 5.71 2.C 2.6%3.6¢
3 0.8t 4.71 2.0 2.6%3.6¢
4 1.C 4.0C 2.C 2.6%3.6¢
5 1.1 3.4¢ 1.8 2.34 x3.2i
6 1.4 2.8¢€ 1.t 1.95x2.7.
7 1.7 2.3¢ 1.2 1.5x2.1¢
8 2.C 2.0C 1.C 1.4x1.9¢
9 2.E 1.6C 0.6 1.12x1.5
10 2.8 1.42 0.€ 0.90x1.2(

The wire-mesh test tool is placed on the top ofdhssette.
In the processed radiograph, areas of poor sciken-f
contact appear as dark areas (which show the Hlimrages
of the wire) and good screen-film contact (eviddayt
uniform density throughout the radiograph). A raplaph of
the film screen contact test is shown in Fig. 3.

2.5Half Value Layer (HVL)

In the present study, the half-value layer (HVL)iethis a
measure of quality of the x-ray beam is determimgdsing

a Gammex RMI Step Wedge. For this measurement, 1{
loaded cassette is placed on the couch at a déstEd@ cm
from the tube-target. The step-wedge is placed dker
cassette, and the beam is collimated over theveteige. A
resulting radiograph of the HVL test is shown irg.F4. Fig.3: Radiograph of film screen
Optical densities of the processed film are deteechifor contact test
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different thickness of the step-wedge with the he
of a densitometer which measures the degree
darkness (optical density) of a photographic film.

The densitometer is calibrated with calibratio
film of 2.38 optical densities. Before having eac
measurement by using the densitometer, it
mandatory to make a zero-processing. T
measurement of the measuring field is performe  Fig.4: Radiograph of half value layer (HVL) test

by pushing down the measuring arm until th

measuring value is displayed. The densitometerchest off automatically after a period of 90 seconds
without impulse and then can be reactivated by ynewikhing the measuring arm. The measuring range
of the densitometer is @ D < 4 and the values are plotted for "thickness (mm@fsus "optical
densities". From the graphs, the HVL of x-ray bearss determined for 40 different diagnostic x-ray
facilities. The requirement [12] for the minimum H¥bor the x-ray beams are indicated in Table 2.

3. RESULTSAND DISCUSSION
Some important quality control tests in forty (4 Table2: Minimum HVL requirement for a

diagnostic x-ray facilities which are performed - X-ray unit
obtain high quality diagnostic images are shown Designec NVeasurec o
Table 3. . )
operating operating HVL
3.1 Congruence between Optical and Radiation potential potential (mm of AD
- (kVp) (kVp)
Field =
3C 0.2
In the present study, kMs found to vary from 50 <51 40 0.4
kV, to 70 kV,and mA from 30 mA to 320 mA with 50 0.E
a film-to-focus distance (FFD) maintained fixed 51 1.2
100 cm (with maximum allowed misalignment ¢ 51 -70 60 12
2%). Fig. 5(a) shows the number of machines 70 1E
which congruence within limit and out of limit an 71 21
the graph shows that 77.5% facilities results 80 22
within the limits, on the other hand, the remainii ) 2';
(22.5%) facilities fall outside the limits, redugin 10¢ 2':,
diagnostic image quality and leading to exposure '
S >70 11C 3.C
non-targeted areas. Misalignment may be cau 190 37
due to shifts in the relative positions of the tig 130 3'§
bulb, reflecting mirror or anode focal spot. Wit -~
appropriate precautions, radiation doses can bt | 122 ii

within the recommended limits.

3.2 Beam Alignment

Beam alignment is checked at different diagnostiayfacilities to determine the perpendicularifytive
x-ray beam to the image receptor. In the presemsiigation, the tolerance limit is defined to b&’1
from the perpendicular for an FFD of 100 cm. The kslried from 50 kY to 70 k\4, and the mA from

30 mA to 320 mA. The results from the investigatioe given in Fig. 5 (b), which indicates that 6686
the facilities are within the limit [12]. The faities which fell outside the limit should manuadgijust
their x-ray beam to make it perpendicular to thagm receptor in order to reduce radiographic image
distortion
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Table 3: Quality control tests for different parameters @fghostic X-ray installations

Vol. 4, No.1, 2011

Serial | Machine| Congruence Beam Resolved | Focal spot | Film-screen HVL
no. code between optical alignment group size contact (mm)

and radiation field | (**) (Nominal)

*) (mm)
1. X-1 Within Limit Within Limit 7 1.3 Uniform 17
2. X-2 Within Limit Within Limit 5 1.8 Uniform 16
3. X-3 Out of Limit Within Limit 5 1.8 Uniform 12
4. X-4 Within Limit Within Limit 1 2.0 Uniform 19
5. X-5 Within Limit Out of Limit 1 2.0 Uniform 29
6. X-6 Within Limit Within Limit 1 2.0 Non Uniform | 22
7. X-7 Within Limit Within Limit 4 2.0 Non Uniform | 25
8. X-8 Within Limit Out of Limit 5 1.8 Uniform 16
9. X-9 Within Limit Out of Limit 5 1.8 Non Uniform | 21
10. X-10 Within Limit Within Limit 7 1.3 Uniform 11
11. X-11 Within Limit Out of Limit 1 2.0 Non Unifan 12
12. X-12 Within Limit Out of Limit 3 2.0 Non Unifan 24
13. X-13 Within Limit Out of Limit 1 2.0 Non Unifan 18
14. X-14 Within Limit Within Limit 1 2.0 Uniform 17
15. X-15 Within Limit Out of Limit 7 1.3 Uniform 22
16. X-16 Within Limit Out of Limit 2 2.0 Uniform 10
17. X-17 Out of Limit Within Limit 2 2.0 Uniform 21
18. X-18 Within Limit Within Limit 4 2.0 Uniform 20
19. X-19 Out of Limit Within Limit 6 1.5 Uniform 12
20. X-20 Within Limit Out of Limit 2 2.0 Uniform 7
21. X-21 Within Limit Out of Limit 2 2.0 Uniform 13
22. X-22 Out of Limit Within Limit 1 2.0 Non Unifan 21
23. X-23 Within Limit Within Limit 4 2.0 Uniform 10
24. X-24 Within Limit Within Limit 1 2.0 Uniform 06
25. X-25 Out of Limit Out of Limit 7 1.3 Uniform 26
26. X-26 Within Limit Within Limit 5 1.8 Uniform 14
27. X-27 Within Limit Out of Limit 1 2.0 Non Unifan 24
28. X-28 Within Limit Within Limit 1 2.0 Non Unifan 20
29. X-29 Within Limit Within Limit 1 2.0 Uniform 26
30. X-30 Out of Limit Out of Limit 4 2.0 Uniform 22
31. X-31 Out of Limit Out of Limit 4 2.0 Non Unifan 17
32. X-32 Within Limit Within Limit 4 2.0 Uniform 08
33. X-33 Within Limit Within Limit 6 1.5 Uniform 14
34. X-34 Out of Limit Within Limit 4 2.0 Non Unifan 18
35. X-35 Within Limit Out of Limit 3 2.0 Uniform 11
36. X-36 Within Limit Out of Limit 1 2.0 Uniform 31
37. X-37 Out of Limit Within Limit 4 2.0 Non Unifan 13
38. X-38 Within Limit Within Limit 6 1.5 Uniform 12
39. X-39 Within Limit Within Limit 3 2.0 Non Unifan 26
40. X-40 Within Limit Within Limit 1 2.0 Non Unifan 13
(*) Tolerance Limit: Maximum misalignment allowéxi2% of film-focus distance.
(**) Tolerance Limit: 1.8 from perpendicular which is applicable to film{meus distance of 40
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3.3 Focal Spot Size

A bar pattern focal spot test tool is used in thiwk to determine the nominal focal spot size @& th
diagnostic x-ray equipment. The kVaries from 45 kY to 70 k\,, and the mA from 30 mA to 320 mA.
Fig. 5 (c) shows that, 92.5% of the time, the fogadt size of diagnostic x-ray machines are matched
perfectly with the x-ray tube’s indicated rating fafcal spot size; the remaining are altered due to
bombardment of electrons on the targets. To re@al spot size condition, the x-ray facilitiesosid
evaluate it periodically as size and focal spopshand to deteriorate with use; users shouldralfgs to

the focal spot size rating written on the x-rayetub

3.4 Film-Screen Contact

Film-Screen contact are checked at different diajox-ray facilities in order to assess any bludark
patches in the image as a result of poor contaetdmm film and screen. The values obtained from the
measurement are shown in Table 3. In this investigakV, varies from 48 kyto 70 k\j,and mA from

30 mA to 320 mA; the FFD is 100 cm. Fig. 5 (d) skdhe information regarding the film-screen contact
of the present study. From the data, it is fourad 5% of the facilities are uniform. Most of treeilities
provide good film-screen contact with evenly sprelaasity. On the other hand, 35% of the facilities
produce poor quality diagnostic images that leadnproper diagnosis. Therefore, to obtain proper
information about treatment from radiographic inmgthese facilities must improve the situation by
minimizing the poor contact between film and screghich may be caused by a defective cassette or
film changer that does not apply sufficient pressawer the entire film area and gives rise to diffa of
light emitted by the intensifying screen leadingnage blurring.

3.5 Half-ValueLayer (HVL)

The half-value layer (HVL) of the x-ray beam is eletined by plotting optical density vs. thickness
(mm) for different diagnostic x-ray films which aexposed with a Gammex RMI step wedge. In this
case, the kyis varied from 50 kyto 75 kV}, and the mA from 30 mA to 320 mA. The values olsdin
from this part of the study are listed in TableA3typical half-value layer measurement is showrfigrb

(e). The observed magnitudes of the HVLs vary betw@& mm and 31 mm, far above the recommended
values (e. g., 2.1 mm) [12]. Values so high in niagie could not be explained, although some vaniati

is expected as HVL is a function of x-ray tube &gge), voltage waveform and kilo peak voltage (kVp)
Facilities should measure HVL at least annuallyafier replacement of the x-ray tube assembly, and
should also use adequate filtration to provide mwpd quality diagnostic images with radiation safet

4. CONCLUSIONS

The main focus of the present study is to invetgighe important parameters of the quality control
programme for the x-ray machines under investigadod, consequently, their influence on radiation
exposure to patients toward the effective and gaéeof x rays. Quality control is an integral ahe inost
tangible aspect of quality assurance, and involliesselective testing of each major system componen
on a regular basis. Significant reduction of theydation dose can be achieved through the coniml a
reduction of the doses to patients undergoing xegyminations. Certain actions should be taken to
ensure the safe and proper operation of the xystems, improving equipment performance and image
quality and reducing patient doses. Quality cdntroa regular basis as well as routine serviciray m
lead to a substantial reduction in variations frtira normal performance and system malfunctioning.
During a radiological examination, irradiation dfet patient should be minimized by using the best
available techniques, and measures should be takeduce, as far as possible, the dose to othitr gl
the body consistent with the clinical needs of ezade. Further, the following guidelines are sugge®
maintain proper quality control in diagnostic x-fagilities:
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Congruence between optical and radiation field nlmstvithin the limit of 2% of the film-focus
distance (FFD) as per quality control protocol dain improved quality diagnostic images.
Diagnostic x-ray beam should be perpendicular éoitfiage receptor, which prevents radiographic
image distortion.

Focal spot size should be checked periodically neuee that it is not altered as a result of
bombardment of electrons on the target.

Radiographic film must be firmly contacted with timeensifying screen to reduce the chance of
improper diagnosis.

Half-value layer (HVL) of the x-ray beam should éetermined to judge the beam quality, which
may make it possible to minimize unwanted radiaégposure and the need for retakes.

On the basis of this work, it is possible to previd guideline on the sort of allowable variations i
performance of the x-ray facilities, and to supmantrective actions to avoid occurrences of poalitu
diagnostic images. Ultimately, this approach vahd to a reduction of radiation hazards in thalfi€he
primary goal of the study is to establish the basehuality control parameters for different x-ray
facilities and to ensure good quality images whézt to get better information during image analysi
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