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Abstract 

The need to assess the quality control parameters and level of compliance of the x-ray machines 

cannot be over emphasized due to the availability and frequent use of x-ray machine in the 

diagnoses of diseases and treatment of diseases in most of our hospitals and radio-diagnostic 

centers. This research is to compare the result of Quality Control (QC) test parameters of 

government (G1and G2), mission (M1 and M2) and private owned (P1and P2) to ascertain the 

level of compliance between them with the set tolerance limits. Quality Control test on; kVp 

accuracy, congruence, beam alignment and tube filtration were carried out with Gammex 330 

digital kV meter, Gammex 115A half value layer set, collimator test tool model 161B and the 

beam alignment test tool model 162A.The result of kVp accuracy showed G1, G2, M2 and P1 

all had values ranging from 2.30% - 3.14% within the tolerance limit of ± 5% while M1 and 

P2 had values above. In congruence with tolerance limit of ±2%, P2 was above limit, while 

inperpendicularity G2 and P2 were above the set limit of 1.5o. This has revealed that the 

government and mission x-ray machines have better quality control programme that the private 

owned. 
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INTRODUCTION  

In Nigeria, X-ray has remained the most frequently used ionizing radiation in medicine 

despite advances in magnetic resonance imaging and ultrasound techniques. It has maintained 

a key role in diagnosis of diseases, injury and in X-ray therapy (Oluwafisoye et al, 2010). In 

effect it is the largest man-made source of ionizing radiation to the world population (ICRP, 

1991, UNSCEAR, 1993). The level of compliance with the regulatory control and radiation 

protection if poor will constitute in unpredictable high and low tube output voltage and beam 

misalignment. Which will lead to over or under exposure, poor image quality, poor diagnosis 

and even retakes as the case may be. Medical exposures are a very significant source of 

exposure, and due to its increasing use in diagnoses, developed countries have shown an 

increase of 58% between the 2000 (United Nations, [UN], 2000) and 2008 (UN, 2010) reports 

of the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), 

of the diagnostic exposures. Computed tomography (CT) was by far the greatest contributor, 

accounting for 7.9% of examinations, but 47% of the dose. For the whole world population, 

the annual effective dose per person from medical sources is 0.62 mSv compared with 2.4 mSv 

for natural sources (IAEA, 2002).  

The World Health Organization (WHO) defines a quality assurance (QA) programme 

in diagnostic radiology as an organized effort by the staff operating a facility to ensure that the 

diagnostic images produced are of sufficiently high quality so that they consistently provide 

adequate diagnostic information at the lowest possible cost and with the least possible exposure 
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of the patient to radiation (WHO, 1982). Quality assurance therefore means the planned and 

systematic actions that provide adequate confidence that a diagnostic x-ray facility will produce 

consistently high quality images with minimum exposure of the patients and healing arts 

personnel. Quality assurance actions include both “Quality Control” techniques and “Quality 

Administration” procedures. Quality assurance programme is an essential step in the 

implementation of Radiation Protection Culture (RPC) (Agapi&Efstathios, 2016). 

In as much as implementation of Quality Assurance is a complex and demanding 

process and has to be supported by legal regulatory bodies of the country, effective QA program 

or radiation protection culture in diagnostic radiology enables the achievement and 

maintenance of obtaining radiological information of appropriate quality for the purposes of 

medical diagnosis, minimizing doses received by patient and medical personnel compatible 

with the type of clinical examination undertaken and also optimize the costs by cutting losses 

of time and resources (Marija, Tomislav,Ivica&Durya, 2008).Hence, there is also growing 

concern in recent times on the old and fairly used x-ray machines in our hospitals which are 

not under regulatory control by the Nigeria Nuclear Regulatory Authority (NNRA).The 

radiological medical practitioner, the medical physicist, the medical radiation technologist and 

the radiation protection officer all have key roles and responsibilities in implementing radiation 

protection in the radiology facility (ICRP, 1990).  

 

MATERIALS AND METHODS 

The assessment was carried out by comparing the following quality control parameters: 

kVpAccuracy, congruence between optical and x-ray, beam perpendicularity and tube filtration 

for government, mission and private owned radio diagnostic facilities. The quality control test 

was done for six x-ray machines using a Gammex Radiologic kit with Gammex 330 digital kV 

meter, collimator test tool model 161B,beam alignment test tool model 162A and Gammex 

115A half value layer set. 

 

[1] Determination of kVp accuracy 

(i) The kV meter was placed on a radiographic table on top of a grid and positioned at the 

centre of the beam axis with a focus field distance (FFD) of 100cm. 

(ii) The light field was collimated and centred to fall on the kV meter which was placed on 

a grid to reduce scattered radiation.  

(iii)  The measurement was then done at a constant milliampere second (mAs) but gradually 

increasing tube potential of 50- 90 kV for five readings. 

(iv)  In each case, the dosimeter was reset after the exposure and the reading were recorded. 

(v) The reading obtained was used to determine the percentage error for the tube potential 

(kVp accuracy) using the formula  

 kVp accuracy =  
𝑘𝑉𝑝𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑−𝑘𝑉𝑝𝑠𝑒𝑡

𝑘𝑉𝑝𝑠𝑒𝑡
× 100%----------------------------------(1) (Papp, 

2011)  

 

 

 

[2] Determination of the Beam Alignment, Collimation and Congruence 
(i) The collimator test tool and beam alignment test tool were both place directly on an 

intensifying screen cassette with the beam alignment tool aligned onto the centre of the 

collimator test tool which was a flat brass plate of rectangular shape with markings 

etching on its surface.  

(ii) With a fixed kVp and mAs. 

(iii)  An exposure was done on a well collimated light field. 

http://www.iiardpub.org/


International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X P-ISSN 2695-1908, 
Vol 6. No.2 2020www.iiardpub.org 

 

 

 IIARD – International Institute of Academic Research and Development 
 

Page 32 

(iv)  When film was developed the marked etching surface was seen on the radiographic film 

and the positions of the two steel balls.  

(v) The beam alignment, congruence and collimation were then measured for each x-ray 

machine. 

 

[3] Determination of Half Value Layer (HVL)  

(i) The half value layer was measured for each x-ray machine at a focus field distance (FFD) 

of 100cm and a fixed kVp and mAs which depends on the particular x-ray machine 

studied.  

(ii) The kV meter was place on a grid placed on the radiographic table. 

(iii)  The x-ray beam was centred on the meter and the light field was collimated to fall on 

the kV meter.  

(iv)  An initial measurement was done and recorded with no aluminium attenuator filter 

covering the light field.  

(v)  Subsequent readings are then taken by varying the alloy aluminium thickness from 1, 2, 

3, 4 and 5mm at the same kVp and mAs by mounting each at different interval to cover 

the light field. 

(vi)  With the kV meter in place measuring the dose output, a deceasing value of radiation 

dose was measured. 

(vii) The values were used to determine the HVL of each specific x-ray machine under 

investigation.  

 

RESULT AND DISCUSSION 

Table 1: Results of QC test Parameters for the Studied Radio Diagnostic Facilities 

Quality 

Control 

parameters 

Recommended 

tolerance limit 

G1 G2 M1 M2 P1 P2 

kVp Accuracy ±5% 3.14% 2.64% 9.96% 2.30% 2.40% 15.94% 

Congruence ±2% 1% 2% 2% 1% 2% > 2% 
Perpendicularity 1.5o 0.5o 3.0o 0.5o 1.5o 1.5o > 3𝑜 
Tube filtration  ±1.5mmAl at 

70kVp 

3.3mm 2.1mm 2.0mm 4.0mm 2.8mm 2.7mm 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Summary of the QC test Performance of the Studied Radio Diagnostic Facilities 

Quality Control 

parameters 

Recommended 

tolerance limit 

G1 G2 M1 M2 P1 P2 

kVp Accuracy ±5% Within 

limit 

Within 

limit 

Above 

limit 

Within 

limit 

Within 

limit 

Above 

limit 
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Congruence ±2% Within 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Above 

limit 

Perpendicularity 1.5o Within 

limit 

Above 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Above 

limit 

Tube filtration  ±1.5mm Above 

limit 

Above 

limit 

Above  

limit 

Above 

limit 

Above 

limit 

Above 

limit 

 

 
Fig1:Representation of Quality Control test parameter result for the studied x-ray machines 

 

 
Fig2: Representation of Congruence of optical and x-ray field for the studied x-ray machines 

 

 Table 1 shows the result of the quality control test parameters of the six x-ray machines 

studied in the radio diagnostic facilities. The data shows that neither the government, mission 

nor private owned facilities, passedthefour quality control test carried out, each one of them 

failed at least one test. However on Accuracy of the kV settings ascertains that the kV selection 

at the control panel results in the same kV applied across the x-ray tube showed high deviation 

from the tolerance limit of ±5% for M1 and P2 as shown on Table2 and Fig.1.The variation of 
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tube output with kVp was calculated using equation (1).The reason for the high deviation in 

kVp values may be as a result of the age of the x-ray machine, variation in x-ray generator not 

being set correctly upon installation or poor maintenance and also as a result of excessive power 

line voltage drop (Mallam et al &Ogundare et al., 2004). It is advised that this test be formed 

upon acceptance and after a major system repair, then annually (IAEA &Rehani, 1995). It is 

important the kV setting functions properly as it determines the x-ray beam quality, image 

contrast and has implications on the patient dose (WHO, 1982). The excess derivation between 

the set and measured kVp could reduce the image contrast and cause unnecessary and unwanted 

exposure (Livingstone et al & Godfrey et al., 2006, 2015).The result of congruence of optical 

and x-ray field only P2 was above the tolerance limit of ±2% as shown on Fig2,this implies 

that there is need for maintenance check to be carried to align its light field to its collimated 

area since misalignment reduces diagnostic image quality and leads to exposure of non-targeted 

areas. It is caused by the shift in the position of the light field, reflecting mirror and anode focal 

spot (IAEA., 1995).Beam perpendicularity G2,and P2 were both above the tolerance limit of 

1.5owith values 3.0o, hence there is need for manual adjustment for the x-ray light field for it 

to become perpendicular to the image receptor. As alignment of the tube beam to the required 

area of exposure is important for a quality image contrast and improper alignment of optical 

and radiation field introduces distortion in the radiographic image and is likely to cause deletion 

of essential information for diagnosis. (Bushong, 2001).Also in tube filtration for operating at 

tube potential of 70kVp the inherent filtration HVL should be 1.5mm Al (AAPM, 1989), all 

the studied x-ray machines all failed the test. Hence the advantage of added filtration to enable 

the effective energy approach the maximum kVp with elimination of all low energy doses 

which could add to the patient’s dose was not adequate (IAEA, 1995& 2004).  

 

CONCLUSION   

From the main purpose of this research which is to compare the quality control parameters of 

the government, mission and private owned x-ray machines. The result from the assess shows 

that the government and mission facilities seen to have a better quality control parameters than 

the private own radio diagnostic facility. There is therefore need for the regularity authority 

and personnel saddled with the responsibility of maintenance to frequently and adequately  

carry out quality control check on the x-ray machines as when due to be able to avoid the over 

exposure of patients and staff to radiation dose. Also the government and mission facilities still 

need to improve on their quality control programme in order to have all the quality control 

parameters function adequately too. 
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Table 1: Results of quality control test parameters for the studied radio diagnostic facilities 

Quality 

Control 

parameters 

Recommended 

tolerance limit 

G1 G2 M1 M2 P1 P2 
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kVp Accuracy ±5% 3.14% 2.64% 9.96% 2.30% 2.40% 15.94% 

Congruence ±2% 1% 2% 2% 1% 2% > 2% 
Perpendicularity 1.5o 0.5o 3.0o 0.5o 1.5o 1.5o > 3𝑜 
Tube filtration  ±1.5mmAl at 

70kVp 

3.3mm 2.1mm 2.0mm 4.0mm 2.8mm 2.7mm 

 

Table 2: summary of the QC test performance of the studied radio diagnostic facilities 

Quality Control 

parameters 

Recommended 

tolerance limit 

G1 G2 M1 M2 P1 P2 

kVp Accuracy ±5% Within 

limit 

Within 

limit 

Above 

limit 

Within 

limit 

Within 

limit 

Above 

limit 

Congruence ±2% Within 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Above 

limit 

Perpendicularity 1.5o Within 

limit 

Above 

limit 

Within 

limit 

Within 

limit 

Within 

limit 

Above 

limit 

Tube filtration  ±1.5mm Above 

limit 

Above 

limit 

Above  

limit 

Above 

limit 

Above 

limit 

Above 

limit 

 

Fig1: Representation of quality control test parameter result for the studied x-ray machines 

Fig 2: Representation of congruence of optical and x-ray field for the studied x-ray machines 
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