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Abstract 

The main objective of diagnostic radiology is to provide high 
quality diagnostic image while keeping the patients and workers 
doses in the lower limit according to ALARA principle. 
Important performance tests in diagnostic radiology in Cameroon 
were carried out according to a quality control protocol and the 
measured parameter values are compared to the relevant 
acceptance limits. In this work, ten standard QC tests, including 
voltage accuracy and reproducibility, exposure time accuracy and 
reproducibility, tube output linearity   (time   and   milliampere),   
filtration (half-value layer or HVL), tube output (70 kV at 
FSD=100 cm), tube output reproducibility and beam alignment 
were performed to assess the devices performances. QC tests 
were performed, based on the protocol proposed in Report No. 
77 by the Institute of Physics and Engineering in Medicine 
(IPEM). The higher poor results were obtained for certain tests 
like the tube output at 70 kV (43.48 % of the units), the tube 
output linearity of the current (23.3%) and the voltage accuracy 
(21.73 % of the units. Moreover 43.48% of the units passed all 
the tests performed. Based on the poor result of the tube output at 
70kV an investigation was made that enable to conclude that 
though 43.48% of the X-ray machines showed a poor result for 
the tube output test only 21.74 % of all the X-ray machines 
effectively needed a replacement of the X-ray tube. 
 
.Keywords: 24TRadiation Protection, Quality Control, Diagnostic 
X-ray, Radiography, Radiology Device. 

1. Introduction 

X-ray is the most frequently used tool in the diagnosis of 
diseases and constitutes a major part of man’s exposure to 
artificial resources [1]. X-ray imaging is an efficient 
diagnostic method in medicine with no suitable alternative. 
Based on the principle of “as low as reasonably achievable” 
(ALARA), X-ray examinations should provide images 
containing   valuable   diagnostic   information with the 
lowest achievable radiation dose [2]. To achieve this goal, 
some legislative institutions have implemented quality 
assurance programs in medical imaging departments of 
hospitals [3-5]. 
In Cameroon, quality control (QC) tests on medical 
imaging devices are only carried out by the National 
Radiation Protection Agency since medical facilities could 
not implement any quality control program.  The    
rapidly-growing demand for X-ray application by medical 

practitioners has led to unnecessary patient exposure. 
Routine QC tests (daily, weekly and monthly) are not 
performed in any radiology departments. This is partly due 
to the absence of trained personnel and mainly the 
weakness of rules and lack of appropriate equipment for 
QC tests. Considering the importance of QC tests in 
Patients' radiation exposure, several studies have been 
performed in other countries [6-12]. Some of those studies 
revealed that QC can reduce patient dose by at least 30% 
[13].  

2. Materials and Methods 

Twenty three   conventional   radiology   devices   selected 
in three of the ten regions of the country were studied in 
2017 (Centre, South West and Littoral regions). The 
devices selected belong to high-load radiology centers of 
the republic of Cameroon. Ten standard QC tests, 
including voltage accuracy and reproducibility, exposure 
time accuracy and reproducibility, tube output linearity   
(time   and   milliampere),   filtration (half-value layer or 
HVL), tube output (70 kV at FSD=100 cm), tube output 
reproducibility and beam alignment were performed to 
assess the devices. QC tests were performed, based on the 
protocol proposed in Report No. 77 by the Institute of 
Physics and Engineering in Medicine (IPEM) [5]), as 
shown in tables 1 and 2, these parameters were chosen as 
valuable tests for evaluating the devices.  
The measurements were performed, using multi-purpose 
detectors (MPD), Raysafe Xi and Raysafe X2, and a beam 
alignment test tool manufactured by Nuclear Associates. 

 
Table 1. The definition of the most important parameters for QC 
evaluation of conventional radiology units. 
 
Parameters Definition 
Voltage accuracy 𝑘𝑉(𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) − 𝑘𝑉(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)

𝑘𝑉(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)
 

Voltage   
reproducibility 𝐶𝑉 = 𝑆𝐷

𝑋�
    𝑆𝐷 = �∑�𝑋𝑖−𝑋��

2

𝑛−1
 

 
Exposure time 
accuracy 

𝑡𝑖𝑚𝑒(𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) − 𝑡𝑖𝑚𝑒(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)
𝑡𝑖𝑚𝑒(𝑛𝑜𝑚𝑖𝑛𝑎𝑙)
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Exposure time  
reproducibility 𝐶𝑉 = 𝑆𝐷

𝑋�
    𝑆𝐷 = �∑�𝑋𝑖−𝑋��

2

𝑛−1
 

 
Tube output linearity  
(D=f(s)) 
 

𝑋1−𝑋2
𝑋1+𝑋2

    𝑋 = 𝐷𝑜𝑠𝑒
𝑚𝐴𝑠

 
 

Tube output linearity   
(D=f(mA)) 
 

𝑋1−𝑋2
𝑋1+𝑋2

    𝑋 = 𝐷𝑜𝑠𝑒
𝑚𝐴𝑠

 
 

Filtration (HVL at 80kV) Thickness of aluminum filter 
reducing  X-ray intensity to half  

Tube output (70 kV 
FSD=100 cm) 𝑋 =

𝐷𝑜𝑠𝑒
𝑚𝐴𝑠

 

 
Tube output  
reproducibility   𝐶𝑉 = 𝑆𝐷

𝑋�
    𝑆𝐷 = �∑�𝑋𝑖−𝑋��

2

𝑛−1
 

 
Beam alignment 
 

The distance between light and 
X-ray  
field 

Table 2. The grading of the most important parameters for QC evaluation 
of conventional radiology units. 

Parameters Good Normal Poor 

Voltage accuracy ≤5% 5-10% >10% 

Voltage 
reproducibility ≤5% 5-10% >10% 

Exposure time 
accuracy ≤5% 5-10% >10% 

Exposure time 
reproducibility ≤5% 5-10% >10% 

Tube output linearity 
(D=f(s)) ≤5% 5-10% >10% 

Tube output linearity 
(D=f(mA)) ≤5% 5-10% >10% 

Filtration (HVL at 
80kV) ≥2,3 mm  <2,3 mm 

Tube output (70 kV 
FSD=100 cm) 

43-52 
µGy/mAs 

26-43 , 
52-69 

Gy/mAs 

˂ 26  
µGy/mAs

˃ 69 
µGy/mAs 

Tube output  
reproducibility   ≤5% 5-10% >10% 

Beam alignment ≤1% 1-2% >2% 

The different tests that were performed as described 
below: 

Voltage accuracy: At SSD =100 cm and a mAs equal to 
20, we measured kVp from 60 to 120 in 10 kV increment. 
For every kV we made three to five exposures and then 
calculated the relative difference between the nominal and 
the mean of the measured values.  

Voltage reproducibility: At SSD =100 cm, a mAs equal to 
20 and a selected kVp equal to 70 , we made three to five 
exposures of kVp and then we calculated the Coefficient 
of Variation (CV) of the measured values.   

Exposure time accuracy: Variable times between 100 and 
500 ms were selected at a fixed condition (kVp=70, 
mA=200). For every exposure time selected, we made 
three to five exposures and then calculated the relative 
difference between the nominal and the mean of the 
measured values. 

Exposure time reproducibility:  A the constant exposure 
time of 100 ms at a fixed condition (kVp=70, mA=200), at 
least three exposures were performed. Then the CV was 
calculated for the measured exposure time.  

The linearity of tube output (D=f(s)): This test was 
performed in stationary conditions (kVp=70, mA=200) 
and various exposure time. Two exposures were 
performed at different time exposure and the 
corresponding the dose/time (X) ratio was calculated for 
each time exposure.  Afterwards, linearity coefficient was 
calculated, using the formula presented in table 1. 

The linearity of tube output (D=f (mA)): This test was 
performed in stationary conditions (kVp=70, time= 100 
mSec) and various exposure. Two exposures were 
performed at different mA exposure and the corresponding 
the dose/mA (X) ratio was calculated for each time 
exposure.  Afterwards, linearity coefficient was calculated, 
using the formula presented in table 1. 

Filtration (HVL): At clinical tube voltages, the HVL was 
directly measured with our MPD. 

Tube output (70 kV at FSD=100 cm): At 70 kVp and 
typical mAs, the tube output was measured by placing 
MPD at 100-cm FSD. This parameter can be used for 
evaluating patient’s skin dose. 

Reproducibility   of   the   tube   output:   At constant 
tube voltages and clinical tube loadings, at least three 
exposures were performed. Then the CV was calculated 
for the measured dose. 
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Beam alignment: A beam alignment test tool 
manufactured by Nuclear Associates was used in this test.  
The X-ray tube is directed over the collimator test tool at a 
distance of 100cm from the film cassette and optical field 
is collimated at the marked rectangle of collimator test tool. 

3. Results 

The results of this study are shown on table 3. The voltage 
reproducibility met the standard criteria in all devices. The 
higher poor results were obtained for certain tests like the 
tube output at 70 kV (43.48 % of the units), the tube 
output linearity of the current (23.3%) and the voltage 
accuracy (21.73 % of the units. Moreover 43.48% of the 
units did not show a poor result in any of the tests 
performed. 

Table 3. Test results and the corresponding criteria 

 
 Criteria 
Test 

Good Normal 
 

Poor 
 

Voltage accuracy 69.56% 8,69% 21.73% 

Voltage 
reproducibility 100% 0% 0% 

Exposure time 
accuracy 95.65% 0% 4.35% 

Exposure time 
reproducibility 95.65% 0% 4.35% 

Tube output linearity 
(D=f(s)) 
 

78.26% 13.04% 8.70% 

Tube output linearity 
(D=f(mA)) 
 

63.63% 13.04% 23.33% 

Filtration (HVL at 
80kV) 
 

86.95%  13.05% 

Tube output (70 kV 
FSD=100 cm) 
 

4.35% 52.17% 43.48% 

Tube output 
reproducibility   91.30% 8.70% 0% 

Beam alignment 69.56% 4.35% 13.04% 

4. Discussion 

The fact that 43.48% of the X-ray machines showed a 
poor result for the tube output test may be a sign that 

some of those machines needed a replacement of the X-
ray tube.   
In order to determine which X-ray machine needed a tube 
replacement the analysis of high voltage, exposure time 
and current was carried out. 
In the analysis of the high voltage, we firstly focused on 
the high voltage waveform. For some X-ray machines the 
irregular shape of the high voltage waveform during the 
exposure was found to be the cause of the poor result for 
the tube output test. Figure 1 shows the high voltage 
irregular waveform of an X-ray machine with a high 
frequency generator while Figure 2 shows the normal 
high voltage waveform for the same X-ray machine. 
 

  
Fig.1 Irregular high voltage waveform at a selected 70 kV  

 

 

Fig.2 Normal high voltage waveform at a selected 100 kV high voltage 

On the other hand a low tube output may be caused by 
the inaccuracy on the voltage. In figure 3 we can see the 
high voltage waveform at a selected 70 kV for an X-ray 
machine with a single phase generator. Since the 
measured voltage is lower than the selected kVp, the 
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output will be lower than expected even if the tube has a 
normal output.  
 

 

 

Fig.3: High voltage waveform at a selected 70 kV for an X-ray machine 
with a single phase generator. 

For other X-ray machines it was found that the low 
values obtained during the measurement of the high 
voltage tube output was caused by the inaccuracy of the 
exposure time or by the inaccuracy of the tube current. 
 
Finally it was found that though 43.48% of the X-ray 
machines showed a poor result for the tube output test 
only 21.74 % of all the X-ray machines effectively 
needed a replacement of the X-ray tube. 

5. Conclusions 

On the whole the conventional X-ray machines 
controlled showed satisfactory results despite the lack 
of quality assurance program for X-ray machines within 
those medical facilities. This may be explained by the 
relative young age of the equipment assessed since 
more than 46% of them were less than five years old.  

However some studies show that putting in place a 
quality   assurance program for X-ray machines results 
in an improvement of theirs performances [8]. It is 
therefore highly recommend to medical facilities that 
use X-ray machines to put in place a quality assurance 
program for the benefit of theirs patients and workers. 
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