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A. FOREWORD 

 

 

The Quality Assurance Programme (QAP) at the Ministry of Health 

(MOH) Malaysia was launched in 1985. The objective of QAP 

implementation is to ensure that patients benefit from healthcare 

services provided at the best possible level with existing resources. 

In the context of the implementation of QAP that uses ionizing 

radiation for the purpose of diagnostic and therapy, the patient's 

interests must be prioritized. This can be achieved through accurate 

and optimum radiation dose exposure in addition with radiation 

exposure to workers and public being controlled. While the use of 

ionizing radiation involved will always be monitored from a safety 

perspective including security. Through such measures, it is hoped 

to be able to achieve the objectives of QAP implementation comprehensively and effectively 

under the Atomic Energy Licensing Act 1984 (Act 304).  

 

All irradiating apparatus, imaging, and non-imaging equipment as well as associated facilities 

in a medical center must undergo quality control (QC) testing to ensure compliance with 

established standards and performance. QC implementation for imaging equipment and 

related facilities must include acceptance tests and periodic quality control tests. QC tests for 

all imaging equipment and related facilities must be carried out periodically to comply with the 

requirements of performance and safety standards by MOH. 

 

Therefore, with this technical QC protocol handbook, it can be a guidance for medical 

physicists, radiographers, and other healthcare professionals to ensure the optimum 

performance of the diagnostic medical imaging equipment as well as associated facilities in 

their respective medical centres.  

 

I would like to congratulate those who were involved and contributed to the development of 

this technical QC protocol handbook.  

 

 

 

 

 

Tan Sri Dato' Seri Dr Noor Hisham bin Abdullah 

Director of Health 

Ministry of Health Malaysia 
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B. PREFACE 

 

 

Over the past few years, technology in healthcare fields has been 

developed rapidly couples with innovative thinking have led to 

improvements in medical physics services and medical radiation. 

Therefore, it has provided a great impact to the healthcare 

professionals and patients in terms of delivering high-quality 

healthcare in the 21st century. 

 

Quality control (QC) is important to all aspects of medical practice, 

including, the use of irradiating apparatus, imaging, and non-

imaging equipment as well as associated facilities to obtain images, 

computations to calculate functional parameters, and the 

interpretation of the findings by the respective physician. It plays a 

fundamental part in accomplishing the regulatory requirement for establishing a 

comprehensive Quality Assurance Programme (QAP) as described in the Atomic Energy 

Licensing (Basic Safety Radiation Protection) Regulations 2010. 

 

This technical QC protocol handbook is intended to be a resource for medical physicists, 

radiographers, and other healthcare professionals who are responsible for ensuring optimal 

performance of diagnostic medical imaging equipment and associated facilities in their 

respective medical centres. Furthermore, it is intended for physicians, clinicians, managers, 

and other decision makers who are responsible for implementing QA/QC programmes in 

medical institutions. It is anticipated that it will play an important role in helping maintain image 

quality and lead to better utilization of diagnostic medical imaging equipment as well as 

associated facilities in all medical centres.  

 

I am positive that this technical QC protocol handbook will be a very useful reference to 

everyone as a guide on how to perform proper QC. Finally, I would like to congratulate all the 

committee members involved in developing and completing this handbook. I would also like 

to extend a sincere thank you to those who are involved indirectly throughout the whole 

process until successfully publishing the handbook. Their efforts were invaluable. I am looking 

forward to see this handbook is frequently be referred to provide safe and excellent services 

in the medical centres.  

 

 

 

 

 

Zunaide bin Kayun@Hj. Farni 

Director 

Medical Radiation Surveillance Division 

Ministry of Health Malaysia 
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D. INTRODUCTION 

 

The Ministry of Health (MOH) is continuously taking steps to improve the quality of radiological 

services. This is to ensure that optimum diagnostic information is obtained from the 

radiographs with the least exposures to patients. Over the years, the MOH has taken both 

administrative and legislative measures to enforce the various requirements under the Atomic 

Energy Licensing Act 1984 (Act 304). 

 

In order to further upgrade and enhance the quality, safety, and efficacy of radiological 

services, the MOH has formulated and initiated the implementation of Quality Assurance 

Programme (QAP) for government medical institutions since 1989. The MOH is empowered 

under Section 17 of Act 304 to implement such programme. The specific requirement of the 

programme will be imposed under Regulation 53 of Basic Safety Radiation Protection 

Regulations (BSRP) 2010. Therefore, QAP has been made mandatory since 2000 for both 

government and private medical institutions under Act 304.  

 

Quality Control (QC) is one of the elements of QAP that has to be carried out at specified 

interval period at intervals as specified by appropriate authority. All the X-ray equipment and 

its associated facilities shall be maintained and calibrated wherever applicable and after major 

maintenance. The performance and safety standards of the X-ray equipment and its 

associated facilities shall be in accordance with the regulatory requirements and relevant code 

of practice. A complete QC report and certificate certified by an approved medical physicist or 

qualified expert shall be submitted to the appropriate authority annually. 

 

QC tests shall be performed at the time of the acceptance and commissioning of the irradiating 

apparatus prior to the use; after replacement of major components that could cause a change 

in the performance of the machine including radiation output, image quality and safety of 

patient; or at intervals as specified by the appropriate authority. 

 

This handbook is for the purpose of conducting QC checking on General Fluoroscopy System 

in the aspect of Performance and safety Standard requirement in accordance with MOH. This 

handbook is applicable to all professions with an interest in the performance of radiological 

imaging chain especially medical physicist in medical institution.
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E. LIST OF THE PARAMETER 

 

TEST PARAMETER 

1 Unit Assembly Evaluation 

2 Minimum Focus to Skin Entrance Distance 

3 X-Ray Generator Performance and Radiation Output 

 3.1 Accuracy of kVp (Radiographic Mode) 

 3.2 Accuracy of kVp (Fluoroscopy Mode) 

 3.3 Accuracy of Exposure Time (Radiographic Mode) 

 3.4 Fluoroscopic Alarm Timer Indicator 

 3.5 Repeatability of Radiation Output (Radiographic Mode) 

 3.6 Coefficient of Linearity (Radiographic Mode) 

4 X-Ray Beam Filtration (HVL Measurement) 

5 X-Ray Beam Limitation 

 5.1 Alignment of The Centre of X-Ray Tube to The Image Receptor 

 5.2 Coincidence of Radiation Field Size to Image Field Size 

6 Image Receptor Input Dose Rate 

7 Typical Patient Entrance Surface Dose 

 7.1 Typical Patient Entrance Surface Dose 

 7.2 Patient Entrance Dose Per Frame 

8 Entrance Surface Dose Rate Limit 

9 Primary Protective Barrier 

10 Image Quality Assessment 

 10.1 Grey Scale Test 

 10.2 Limiting Spatial Resolution 

 10.3 Low Contrast Resolution 

 10.4 Threshold Contrast Detail Detectability (TCDD) 

11 Focal Spot Size Measurement 

12 KAP Calibration for Clinical Radiation Exposure Monitors (For System with 

DAP Meter) 

13 Leakage Radiation 

14 Scattered Radiation 
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F. LIST OF TEST TOOLS 

 

1. Test Tools 

 

No Test Tools 

1.  Multi-function meter 

2.  Dosimeter 

3.  Measuring tape (at least 100cm in length) 

4.  2 unit 1 or 2 mm copper (as attenuator) 

5.  Collimation Test Tool or Leeds test TO.M1. 

6.  Beam alignment test tools 

7.  HVL aluminium filter (optional) 

8.  Leeds TOR CDR or equivalent 

9.  Lead Sheet 

10.  Leeds Test Object GS2 or equivalent 

11.  Leeds Test Object N3 or equivalent 

12.  Threshold Contrast Test Object (e.g., Leeds Test Object TO16/ TO20 or TCD9 

test object or equivalent). 

13.  Hüttner X-ray Test Pattern 

14.  Star pattern (2°) or equivalent 

15.  Survey meter 

16.  Water phantom or equivalent 

17.  20 cm PMMA Phantom 

 

2. Other Tools 

 

No Test Tools 

1 Functioning film processor 
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G. TESTING PROCEDURES 

 

TEST PARAMETER 1: UNIT ASSEMBLY EVALUATION 

 

Purpose of Test To ensure that all interlock, indicators and mechanical support 

devices for the fluoroscopy system and its respective associated 

receptor or bucky assembly are operating properly and safely. 

 

Frequency of Test Annually 

Test Tool Not Applicable 

Method 1. Visible inspection of the system, room and discussion with the 

operator in-charge in accordance with the check list on the 

report. 

 

 2. The followings are some check lists (if applicable) that could 

be used to visually inspect for ensuring all interlock, indicators 

and mechanical support devices for the X-ray system are 

operating properly and safely: 

 

  i. All foot and hand switches designed to energize the 

fluoroscopic tube should be tested to assure that x-ray 

production is terminated as soon as the switch is 

released. 

 

  ii. The table, image receptor and tube, as applicable, 

should move smoothly without requiring excessive 

force. 

 

  iii. Check all of the locks and centring detents on the 

tower and table for adequate function. 

 

  iv. Check all switches, indicator lights and meters on the 

table, tube, image receptor and radiation warning light 

for appropriate function. 

 

  v. Using each collimating option, test for smooth 

collimator blade motion. If applicable, vary the focus-

to-image receptor distance (FID) to assure the 

collimator tracks (i.e., automatically maintains the field 

size) as the FID changes. 

 

  vi. Check that available grids smoothly move in and out 

of the useful beam. 
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  vii. Lead drapes should be affixed to the image receptor 

(under-table systems) and be absent of creases or 

gaps that may subject the operator to unnecessary 

scatter radiation. 

 

  viii. Check that the bucky moves smoothly along the track 

and its locking mechanism are functioning. 

 

  ix. If the unit is an under-table fluoroscopic system, check 

that the mechanism that covers the bucky slot during 

fluoroscopy is working as designed. 

 

  x. If the unit is a portable C-arm, it likely has a removable 

spacer on the tube that is designed to prevent the 

patient from getting closer than 30 cm to the tube’s 

target. This spacer should always be in place unless 

in surgery where removing it will permit a 20 cm FID. 

 

  xi. On systems where the image receptor can be placed 

in a park position, do so and step on the pedal to 

assure that this interlock is functioning. It should not 

be possible to activate the X-ray tube unless the entire 

fluoroscopic beam is intercepted by the image 

receptor. 

 

  xii. Verify that all of the indicators on the control panel are 

functioning. 

 

  xiii. Ceiling suspension lead screen of at least 0.5 mm Pb 

equivalent should be installed for additional worker 

protection. 

 

  xiv. Check that available compression devices easily 

move in and out of the useful beam and function 

properly (if applicable) 

 

Assessment and 

Evaluation  

All mechanical movement and interlocks shall be functioning as per 

specification. 

 

Performance 

Standards 

All mechanical movement and locks are functioning properly. 
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TEST PARAMETER 2: MINIMUM FOCUS TO SKIN ENTRANCE DISTANCE 

 

Purpose of Test To verify the minimum X-ray tube focal spot to patient skin entrance 

distance is within the acceptable limit. 

 

Frequency of Test Annually 

Test Tool Measuring tape 

Method 1. Measure and record the minimum X-ray tube to patient 

support or patient skin entrance distance. 

 

 2. Determine whether the fluoroscopy system complies with the 

requirements below: 

 

  2.1 Permanent or fixed under table X-ray tube 

  

 

Figure 2.1(a): Measurement of distance between focal spot 

and patient support for permanent or fixed under table X-ray 

tube fluoroscopy (type A) 

 

 
Figure 2.1 (b): Measurement of distance between focal spot 

and patient support for permanent or fixed under table X-ray 

tube fluoroscopy (type B) 
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  2.2 Permanent or fixed over table x-ray tube 

  

 
Figure 2.2: Measurement of distance between focal spot and 

patient support for permanent or fixed over table X-ray tube 

fluoroscopy 

 

  2.3 May or may not be permanent (mobile C-arm or other 

unit) 

 

  

 
Figure 2.3: Measurement of distance between focal spot and 

patient support for mobile C-arm or other unit 

 

Assessment and 

Evaluation 

1. The type of fluoroscopy system shall comply with the 

requirements of minimum x-ray tube focal spot to patient 

support or patient skin entrance distance as specified in the 

Performance and Safety Standard for Fluoroscopy Systems. 

 

 2. Minimum distance required is to reduce the skin exposure to 

the patient as much as possible while still assuring that 

sufficient    X-ray output is obtainable to perform the diagnostic 

procedure. 
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Performance 

Standards 

Permanent 

or fixed 

under table 

X-ray tube 

Permanent 

or fixed over 

table X-ray 

tube 

Mobile C-

arm 

Other unit 

≥ 40 cm 

between X-

ray tube focal 

spot & patient 

support 

≥ 70 cm 

between X-

ray tube focal 

spot & patient 

support 

≥ 20 cm 

between X-

ray tube focal 

spot and 

patient’s skin 

≥ 70 cm 

between X-

ray tube focal 

spot and 

input surface 

of the image 

receptor 
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TEST PARAMETER 3: X-RAY GENERATOR PERFORMANCE & RADIATION 

OUTPUT TEST 

 

Test Parameter 3.1 Accuracy of kV (Radiographic Mode) 

 

Purpose of Test To determine the accuracy of the tube voltage of radiation output 

are within the acceptable level. 

 

Frequency of Test Annually 

Test Tool 1. Multi-function meter 

 2. Measuring tape  

Method 1. Position the detector of multi-function meter under the X-ray 

tube and record the focus-detector distance (FDD). 

 

 2. Collimate the X-ray beam to cover only detector area or 

according to the manufacturer’s recommendation. 

 

 3. Place a piece of lead sheet on the surface of the image 

receptor as a precautionary measure to protect the image 

receptor from high dose exposures. 

 

 4. Obtain a series of kVp accuracy measurement commencing 

with the lowest kVp setting and increasing in 10 kVp steps 

until the maximum available kVp is reached. 

 

Note: 

A mA of (100 mA or 200 mA) can be used and maintained for 

each kV position. If no mA appeared on the system, a fixed 

of 5 mAs will be used during the exposures. 

 

 5. Record all reading accordingly. 

 

Note:  

For under-table fluoroscopy system, the detector may need 

to be placed upside down to face the primary X-ray beam. 

 

Assessment and 

Evaluation 

1. There is an optimal tube potential for each X-ray exposure. If 

the peak energy of the output beam is not same as the set 

kVp, the important details of the image can be loss and may 

results to retake an exposure, which gives more doses to 

patient. 
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 2. Miscalibration of the kVp values can also cause the ABC 

equipment to adjust the x-ray generator inappropriately. This 

affects both the radiation doses and the image quality. 

 

 3. The kVp accuracy calculation is shown in the following 

formula: 

𝑘𝑉𝑝 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 𝑘𝑉𝑝𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  −  𝑘𝑉𝑝𝑠𝑒𝑡 

 

𝑘𝑉𝑝 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑘𝑉𝑝𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  − 𝑘𝑉𝑝𝑠𝑒𝑡

𝑘𝑉𝑝𝑠𝑒𝑡
× 100% 

 

Note: 

i. Care must be made in ensuring that the result 

obtained is the average of the peak voltage 

throughout the sampling period (kVp average). 

 

ii. Most digital instruments provide different high voltage 

parameters such as kVp maximum, kVp effective, 

kVp average, etc. 

 

Performance 

Standards 
1.  For Tube Potential < 100 kV: Max. deviation ≤ 5 kV 

 
2.  For Tube Potential ≥ 100 kV: Max. deviation ≤ 5% 
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Test Parameter 3.2 Accuracy of kV (Fluoroscopic Mode) 

 

Purpose of Test To determine the accuracy of the tube voltage for fluoroscopy 

mode. 

Frequency of Test Annually 

Test Tool 1. Multi-function meter 

 2. Absorber (Cu/Pb) 

Method 1. Continue with the same set up as Test Parameter 3.1. 

 2. With the fluoroscopy mode, obtain a series of kVp accuracy 

measurements commencing with the lowest kV setting and 

increasing in 10 kV steps until the maximum available kV is 

reached.  A fixed mA should be used and maintained for each 

kV position. 

 

Note: 

i. If manual override is not possible in fluoroscopy mode, 

reasonable range kV setting should be checked for 

accuracy. 

 

ii. Place absorber in the beam to achieve the desired 

kVp. 

 

 3. Commence with the shortest time setting available and 

increase through the range up to 1 second. 

 

Note: 

Most of the readings should be taken at the commonly used 

exposure time settings. 

 

 4. Record all reading on the report accordingly and calculate the 

kVp accuracy. 

 

Assessment and 

Evaluation 

1. The kVp accuracy calculation is shown in the following 

formula: 

𝑘𝑉𝑝 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 𝑘𝑉𝑝𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  −  𝑘𝑉𝑝𝑠𝑒𝑡 

 

𝑘𝑉𝑝 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑘𝑉𝑝𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  − 𝑘𝑉𝑝𝑠𝑒𝑡

𝑘𝑉𝑝𝑠𝑒𝑡
× 100% 

Performance 

Standards 
1.  For Tube Potential < 100 kV: Max. deviation  ≤ 5 kV 

 
2.  For Tube Potential ≥ 100 kV: Max. deviation  ≤ 5% 
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Test Parameter 3.3 Accuracy of Exposure Time (Radiographic Mode) 

 

Purpose of Test To determine the accuracy of the exposure timer is within the 

acceptable level. 

 

Frequency of Test Annually 

Test Tool 1. Multi-function meter 

 2. Measuring tape 

Method 1. Continue with the same set up as Test Parameter 3.1. 

 2. Obtain a series of exposure time measurement using a mid-

range tube voltage of about 70 kV and tube current of about    

100 to 200 mA. 

 

 3. Commence with the shortest time setting available and 

increase through the range up to 1 second. 

 

Note: 

Most of the readings should be taken at the commonly used 

exposure time settings. 

 

 4. Record all reading on the report accordingly and determine 

timer accuracy. 

 

Assessment and 

Evaluation 

1. Time is very important parameter of an X-ray machine. Small 

time variation can cause large dose variation which affects the 

patient and the image. More time gives more exposure to the 

patient and less time gives less exposure and poor quality 

image. 

 

 2. The accuracy of the exposure time (t) can be calculated using 

the following formula: 

𝑇𝑖𝑚𝑒𝑟 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑡𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝑡𝑠𝑒𝑡

𝑡𝑠𝑒𝑡
× 100% 

 

Performance 

Standards 
 For time < 0.1 sec: Max. deviation  ≤ 20% 

  for time >  0.1 sec: Max. deviation  ≤ 10% 
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Test Parameter 3.4 Fluoroscopic Alarm Timer Indicator 

 

Purpose of Test To verify the function of fluoroscopic timer working properly and not 

exceed a predetermined limit of 5 minutes. 

 

Frequency of Test Annually 

Test Tool No test equipment required 

Method 1. Continue with the same set up as Test Parameter 3.1. 

 2. Fully close the collimators or block the primary x-ray beam. 

 3. Select low exposure factors such as 60 kV and 1 mA. 

 4. Resume fluoroscopy for a total of 5 minutes or more. 

 5. Check for the audible signal and determine whether timer can 

be reset. 

 

Note: 

This test can also be done by observing other tests that using 

fluoroscopy screening until a predetermined limit of 5 minutes. 

 

 6. When high-level exposure control is selected, observe audible 

indicator sounds. 

 

 7. Record all reading on the report accordingly. 

Assessment and 

Evaluation 

1. A cumulative timing device activated by the fluoroscope 

switch should be provided. It indicates the passage of a 

predetermined period of irradiation either by an audible signal 

or by temporary or permanent interruption of the irradiation 

when the increment of exposure time exceeds a 

predetermined limit. 

 

 2. Such signal shall continue to sound while X-rays are produced 

until the timing device is reset. 

 

 3. Regulatory requirement requires the predetermined period 

not exceeding 5 minutes. 

 

Performance 

Standards 

Audible warning when exceeding 5 minutes. 
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Test Parameter 3.5 Repeatability of Radiation Output 

(Radiographic / Fluoroscopic Mode) 

 

Purpose of Test 

 

To determine the repeatability of radiation output are within the 

acceptable level. 

 

Frequency of Test Annually 

Test Tool 1. Multi-function meter 

 2. Measuring tape 

Method 1. Continue with the same set up as Test Parameter 3.1. 

 2. Repeat the same exposure at least five (5) consecutive 

measurements usually at 70 kV and 20 mAs as commonly 

used exposure setting. 

 

Note:  

Before each exposure, the exposure setting (including the 

selection of the X-ray tube if available) should be adjusted and 

then returned to the initial setting). 

 

 3. Record the measured kVp values and dose. 

 

 4. Determine the coefficient of variation. 

 

Assessment and 

Evaluation 

1. Repeatability is assessed in term of coefficient of variation 

(CoV) which is defined as the ratio of the standard deviation 

(SD) to the mean value (average) of a series of 

measurements. 

 

 2. The coefficient of variation is determined using the following 

formula: 

𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛(𝑆𝐷) = √
∑ (𝑥𝑖 − 𝑚𝑒𝑎𝑛)2𝑛

𝑖=1

𝑛 − 1
  

Coeficient of Variation =
SD

𝑚𝑒𝑎𝑛 
× 100% 

 

 3. If the coefficient of variation exceeds 5% for any kVp setting, 

the unit should be checked by appropriate service personnel. 

 

Performance 

Standards 

Coefficient of Variation ≤ 5% 
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Test Parameter 3.6 Coefficient of Linearity (Output Variation with mA or mAs) 

 

Purpose of Test 

 

To assess the proportionality between tube output and the tube 

mAs over the full range of the tube currents and times. 

 

Frequency of Test Annually 

Test Tool 1. Multi-function meter 

 2. Measuring tape 

Method 1. Continue with the same set up as Test Parameter 3.1. 

 2. Measure the radiation output over a range of exposure factors 

with various mAs (if mA is fixed) or fixed mAs with different 

mA and time. 

 

 3. Record all reading on the report accordingly and determine 

coefficient of linearity. 

 

Assessment and 

Evaluation 

1. The radiation output should be linear with mA or mAs over the 

available tube current range. Any two radiation output 

measurement, X1 and X2 need to comply with the 

relationship: 

 

Coefficient of Linearity =
(x1 − x2)

(x1 + x2) 
 ≤ 0.1 

 

where, 

  

x1 = maximum dose

mAs
 

x2 = minimum dose

mAs
 

 

Performance 

Standards 

Coefficient of Linearity ≤ 10% 
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TEST PARAMETER 4: X-RAY BEAM LIMITATION 

 

Test Parameter 4.1  Alignment of The Centre of X-Ray Tube to The Image Receptor 

 

Purpose of Test To verify that the centre of X-ray field aligns and perpendicular to 

image receptor field of view as seen in the monitor. 

 

Frequency of Test Annually. 

Test Tool 1. Collimation Test Tool or Leeds Test Object TO.M1. 

 2. Beam Alignment Test Tool. 

 3. Measuring tape. 

Method 1. Set the FID at 100 cm. 

 2. Place the beam alignment test tool in the centre of the 

collimator test tools on top of the table-top as close as 

possible to the image receptor (the table should be level) as 

shown in Figure 4.1. 

 

Note: 

For image intensifier type, Leeds Test Object TO.M1 also can 

be used for easy arrangement set-up. 

 

  

 
Figure 4.1: Beam alignment setup 
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Figure 4.2: Leeds Test Object TO.M1 image 

 

 3. With ABC mode, adjust the position of the beam alignment 

and collimator test tool until the image displayed at the centre 

of the monitor. 

 

Note: 

i. The tools are on the central ray of the X-ray beam 

when the images of both steel balls become one. 

 

ii. Proper centring when the image of the beam 

alignment test tool or Leeds Test Object TO.M1 is 

symmetrical as seen on the monitor (see Figure 4.3). 

 

  

 
Figure 4.3: Proper centring using beam alignment test tool 

 

 4. While observing the centimetre scales image of the collimator 

test tool or Leeds Test Object TO.M1 on the display monitor, 

record the distance to the edge of the viewing field for each 

four axes. 
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Note: 

Coins can be used to indicate the edge (left, right, top and 

bottom) that seen in the monitor. 

 

 5. Attach CR plate on image receptor after beam alignment test 

tool been removed and make an exposure with fluoroscopy 

mode. 

 

 6. Compare the centre of X-ray beam and centre of image 

receptor from CR image and determine misalignment. 

 

 7. Record the FID and misalignment on the report. 

 

Note:  

The congruency of the collimator cone on the monitor 

 

Assessment and 

Evaluation 

1. The test tools are on the central ray of the x-ray beam when 

the images of both steel balls become one (Figure 4.3). 

 

 2. The centre of the X-ray field should coincide with the centre of 

the image receptor and the alignment should be within 2% of 

FID. Figure 4.4 shows the misalignment between X-ray field 

and image receptor field of view. 

 

  

   

 
Figure 4.4: Assessment of alignment of the centre of X-ray 

tube to the image receptor field of view 

 

Performance 

Standards 

≤ 2% of FID 
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Test Parameter 4.2 Coincidence of Radiation Field Size to Image Field Size 

 

Purpose of Test i. To verify that the X-ray field aligns to image receptor field 

size. 

 

ii. To ensure the limitation of useful beam aligns with the X-ray 

field. 

 

iii. To prevent unnecessary patient exposure resulting from 

radiation of an area larger than the image receptor. 

 

Frequency of Test Annually 

Test Tool 1. Collimation Test Tool or Leeds Test Object TO.M1 

 2. Opaque objects (such as coins) 

Method 1. Continue with the same setup in test parameter 4.1. 

 2. Make a fluoroscopy exposure with ABC mode and reposition 

the collimation plate at the centre of X-ray field (if required). 

 

 3. Place four (4) opaque objects (such as coins) at each edges 

of the collimation plate as shown in Figure 4.5. Make another 

fluoroscopy exposure. 

 

 4. Reposition the coin until all the edge of coins touches the edge 

of the field of view on the monitor. 

 

  

 
Figure 4.5: Congruence of the light field to the X-ray field 
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 5. Without moving the collimation plate, place an CR imaging 

plate and make a soft exposure with ABC mode (usually for 2 

seconds). 

 

 6. Read the CR imaging plate for the image. 

 7. Measure the misalignment of the X-ray field. 

 8. Record readings on the report. 

 9. Repeat with all selectable field size (if required). 

Assessment and 

Evaluation 

1. On the X-ray image (Figure 4.5), measure the distance 

between the edge of the coins to the edge of the X-ray field. 

Assuming that the length is X and Y and the width is A and B 

on the image. 

 

 2. The sum of A + B and X + Y is the total misalignment between 

the x-ray field and image receptor for the length and width 

position. The sum of the excess length and the excess width 

shall be not greater than 4% of the FID. 

 

 3. Similarly with the evaluation above, at the largest opening (at 

maximum) of the X-ray beam collimation, the radiation field 

shall be restricted to 1:1 times the image receptor size as 

shown in Figure 4.6. 

 

   

[Figure 4.6 The limitation of useful beam aligns with X-ray 

field] 

 

  

 
Figure 4.7: The limitation of useful beam exceeds the 

acceptable length and width edges 
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 4. Equipment used for fluoroscopy should be provided with the 

means, preferably automatic, to confine the radiation beam 

within the image reception area whatever the distance of the     

X-ray tube from the image receptor. 

 

Performance 

Standards 

1.  The sum of the excess length and the excess width shall be < 

4% of FID. 

 2.  Radiation field shall be restricted to image receptor size when 

the collimator is fully opened. 
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TEST PARAMETER 5: X-RAY BEAM FILTRATION (HVL MEASUREMENT) 

 

Purpose of Test To assess the X-ray beam quality in a fluoroscopy system 

Frequency of Test Annually 

Test Tool 1. Dosimeter 

 2. Aluminium Filter 

 3. 20 cm PMMA Phantom or 2 mm Cu filter 

 4. Measuring Tape   

Method Method A 

 1. With the modern multifunction meter available in the market, 

HVL measurement can be obtained simultaneously during the 

X-ray generator performance test as mentioned in Test 

Parameter 3.1 above. 

 

 2. Record HVL value obtained during Test Parameter 3.1 for     

70 kVp and 100 kVp. 

 

 3. If HVL measurement has to be measured manually, Method 

B or Method C would be followed. 

 

 Method B 

 1. Use manual kVp in radiography mode. 

 2. Position the dosimeter to set the FDD at 100 cm. 

 

 3. Select a tube voltage of 70 kVp and make an initial exposure 

using a commonly use mA, normally at 200 - 500 mA depends 

on the model. The mAs should generate at least 500 µGy. 

 

 4. Record the radiation output. 

 

 5. Obtain a series of dose measurements by adding thickness of 

aluminium filter to the beam before each exposure until the 

dose has been reduced to 50% or less than that obtained 

without any added filtration. 

 

Note: 

i. Three (3) measurement are generally required, the 

first with no filter in place, the second and third with a 

known thickness of aluminium filter. 
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ii. Filter can be placed on the face of the collimator. 

 

 6. Record all readings accordingly on the report and calculate 

the HVL. 

 

 7. The procedure is then repeated for 90 kVp. 

 Method C 

 1. When a manual kV setting is not available on the fluoroscopic 

system, the HVL will have to be measured in ABC mode. 

 

Note: 

i. If fluoroscopy mode is being used, dose-rate is 

measured instead of dose.  

 

ii. The desired kVp can be obtained by manipulating 

absorber, FID or magnification mode. 

 

 2. Ensure the field of view is minimized, and the exposure probe 

is placed as far away from the X-ray tube as possible. 

 

 3. Place several 1 mm sheets of aluminium filter between the 

detector and the image receptor. The sheets need to be big 

enough to span the minimized field of view and there needs 

to be enough of them to drive the kV to at least 80 kVp. Record 

kVp and mA. 

 

Note:  

The aluminium filter can be placed on the face of the 

collimator. 

 

 4. Measure the dose rate for this setup (“0” mm added Al). 

 5. Remove a single sheet of aluminium and placed it in front of 

the chamber midway between the X-ray tube and the 

detector. Record dose rate and thickness of aluminium added 

in mm. 

 

 6. Repeat Step 5 until the dose rate has been reduced to less 

than half of original value. Ensure that the ABC holds a 

constant mA and kV. 

 

 7. Determine the HVL from the dose rate measurements. 
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Assessment and 

Evaluation 

1. The HVL is that thickness of a nominated material required to 

reduce the x-ray beam output to one half its unattenuated 

value. It is a convenient measure of the quality of the X-ray 

beam. 

 

 2. The formula below can be used to estimate the HVL for 

Method B or C. 

 

HVL =  
X1 ln (

2Y2
Yo

) − X2 ln (
2Y1
Yo

)

ln (
Y2
Y1

)
 

where,  

 

X1 and X2: thickness of the filtration added for the 

second and third exposure respectively 

 

Y0, Y1 and Y2: output/dose reading obtained for no-filter 

and two known filter reading respectively 

  
 

 3. The HVL measurement will increase with an increase in 

filtration, tube voltage and waveform frequency. 

 

 4. If the measurements have not been obtained using a non-

invasive digital dosimeter, a plot of added filter (mm Al) versus 

dose or % transmission will be necessary to obtain the HVL 

(Figure 5.3). 

 

  

 
Figure 5.1: HVL Measurement 
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Performance and 

Safety Standards 

Tube Voltage 

Range (kVp) 

Operating Potential 

(kVp) 

Minimum HVL in 

mm Al 

50 to 70 50 1.2 

60 1.3 

70 1.5 

 70 71 2.1 

80 2.3 

90 2.5 

100 2.7 

110 3.0 

120 3.2 

130 3.5 

140 3.8 

150 4.1 
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TEST PARAMETER 6: IMAGE RECEPTOR INPUT DOSE RATE 

 

Test Parameter Image Receptor Input Dose Rate 

Purpose of Test To verify the dose rate at the image receptor is within the acceptable 

limit. 

 

Frequency of Test Annually 

Test Tool 1. Dosimeter 

 2. 2 mm Cu filter (as attenuator) 

Method 1. Place a 2 mm Cu filter on the x-ray tube collimator to simulate 

patient thickness. 

 

 2. If possible, remove the grid from the image receptor assembly. 

 

Note: 

If the grid cannot be removed, the grid factor will need to be 

established from manufacturer’s data (typically 1.3 to 1.8 

times). This factor will need to be used to correct all 

measurements to non-grid values. 

 

 3. Position the image receptor to the maximum focal spot to image 

distance (FID). 

 

 4. Place the detector on the image receptor surface around the 

centre area but not exactly at the centre. 

 

Note: 

i. If the grid is removed and the exposed surface is the 

surface of the image receptor, the radiation detector 

must be mounted on a suitable stand.  

 

ii. If the surface of the image receptor is still covered, the 

radiation detector may be taped directly to the protective 

cover (taping the detector directly to the input surface of 

the image receptor could damage the unit). 
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Figure 6.1:  Detector setup at the surface of image receptor 

 

 6. Initiate fluoroscopy and measure the dose rate in air at the 

image receptor. 

 

a) For ABC system, record the fluoroscopy exposure 

parameter used (kVp, mA). 

 

b) For manual system, select 80 kVp and adjust the mA to 

obtain a normal working brightness. 

 

Note: 

Ensure that the monitor brightness and contrast setting remain 

at the normally used positions. 

 

 7. Repeat step 5 for all fluoroscopy available image receptor field 

sizes (if the entire detector is visible on the monitor). 

 

Note: 

Image Receptor Input Dose Rate (IRIDR) should be tested 

using various fluoro and dose mode during T&C. 

 

 8. Correct all measurements for distance using the inverse square 

law to give the dose rate at the image receptor (if dosimeter 

position does not attach to the image receptor). 

 

Assessment and 

Evaluation 

1. Image Receptor Input Dose Rate (IRIDR) should be tested and 

verified to ensure that if the IRIDR is too low, the image will 

suffer from increased noise whereas if it is too high, the patient 

dose will be unnecessarily exposed to high dose. 
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 2. The fluoroscopic imaging system should be capable of 

operating satisfactorily at image receptor dose rates  60 

µGy/min for field size (FS) > 23 cm and  120 µGy/min for FS 

of 11 to 14 cm. 

 

Performance 

Standards 
Maximum 

Dose Rate for 

field size 

11 cm to  

< 14 cm 

14 cm to 

< 23 cm 
≥ 23 cm 

≤ 120 µGy/min ≤ 90 µGy/min ≤ 60 µGy/min 
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TEST PARAMETER 7: TYPICAL PATIENT ENTRANCE SURFACE DOSE 

 

Test Parameter 7.1 Typical Patient Entrance Surface Dose 

Test Parameter 7.2 Patient Entrance Dose Per Frame 

 

Purpose of Test To determine the entrance surface dose rate and entrance dose per 

frame for a typical patient thickness during fluoroscopic procedure. 

 

Frequency of Test Annually. 

Test Tool 1. Dosimeter. 

 2. 2 mm Cu sheet (to simulate patient thickness) 

 3. 20 cm PMMA phantom (to simulate patient thickness) 

Method Test 7.1 Typical Patient Entrance Surface Dose 

 1. Place 2 mm Cu sheet on the couch to simulate a standard adult 

patient. 

 

 2. Set the source to image receptor distance at 100 cm or nearest 

possible distance to 100 cm. 

 

 3. Place the detector at the centre of the useful beam where x-ray 

enters the phantom surface. Measurement shall meet the 

following additional requirement: 

 

  

 
Figure 7.1: Typical patient entrance surface dose setup 

 

  i. For under table X-ray fluoroscopy system, the entrance 

surface dose rate shall be determined for the centre of the 
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useful beam 1 cm above the fluoroscopy table. The 

distance between exit surface of the Cu sheet and the 

base of image receptor should be set to 30 cm. 

 

  ii. For over table X-ray Fluoroscopy system, the Cu sheet 

should be placed on the table and the detector laid on the 

surface. Where the tube height is variable, the focus-to-

table distance should be set that used in clinical practice 

or 100 cm as a standard distance. 

 

  iii. For a fixed or mobile C-arm type of fluoroscopy, the 

entrance surface dose rate shall be determined 30 cm 

from the input surface of the fluoroscopic imaging 

assembly. If the source to image receptor distance is 

variable, this should be set to 100 cm. 

 

 4. By using available fluoroscopy mode (pulsed/continuous), initiate 

fluoroscopy and measure the dose rate using automatic exposure 

rate control. 

 

 5. Record the fluoroscopy exposure parameter used (kVp, mA, 

pulsed/ continuous mode). 

 

 6. Repeat Step 4 for all available image receptor field sizes over the 

clinical range used. 

 

 Test 7.2 Patient Entrance Dose Per Frame 

 7. Continue with the same set up as Test Parameter 7.1, use cine 

mode with ABC, select frame per second (e.g.: 15 fps). 

 

 8. Make an exposure, record the dose to the patient. 

 9. Repeat the step above with all selectable field sizes available. 

 10. Repeat the steps with other selectable pulse mode over the 

clinical range used. 

 

Assessment and 

Evaluation 

1. For the proper evaluation, this test should be done by replacing   

2 mm Cu sheet with 20 cm PMMA as shown below to ensure 

backscatter radiation is taken into consideration. 
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Figure 7.2 (a): Patient entrance dose per frame setup for 

permanent or fixed under table x-ray tube 

 

 
Figure 7.2 (b): Patient entrance dose per frame setup for 

permanent or fixed over table x-ray tube 

 

 
Figure 7.2 (c): Patient entrance dose per frame setup for a fixed 

or mobile C-arm type of fluoroscopy 
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 2. Measurements of entrance surface dose rate or incident dose rate 

can form a valuable part of QC tests on fluoroscopic x-ray 

equipment. They have helped to identify reasons for higher dose-

area products and the results have been used to achieve 

significant reductions in effective dose through changes in 

exposure factor selection for some units. 

 

 3. Data on entrance surface dose rate and incident dose rate can 

play a valuable role in selecting dose options to be used on new 

equipment, so that patient dose can be kept to a minimum. 

 

 4. The patient entrance surface dose should not have changed 

significantly from baseline value. 

 

Note: 

If dose rate measured with a 20 cm thick water phantom are to be 

compared with performance specifications derived from 

measurements made with 20 cm of Perspex, they should be 

multiplied by a factor of 1.22. 

 

Performance 

Standards 

7.1 Typical Patient Entrance Surface Dose 

With ABC Without ABC 

≤ 25 mGy/min (2.5 R/min) ≤ 12 mGy/min (1.2 R/min) 

 

7.2 Patient Entrance Dose Per Frame 

Normal Digital Fluoroscopic 

Acquisition Mode 
For Cardiac Mode 

≤ 2 mGy/frame ≤ 0.2 mGy/frame 
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TEST PARAMETER 8: ENTRANCE SURFACE DOSE RATE LIMIT 

 

Purpose of Test To ensure that the maximum patient entrance exposure rate is kept 

below a designated value so that excessive radiation doses are not 

delivered to patients. 

 

Frequency of Test Annually 

Test Tool 1. Dosimeter. 

 2. 3 mm Pb or equivalent material. 

Method 1. Replace 2 mm Cu sheet with a 3 mm Pb sheet from Test 

Parameter 7 set up to produce a maximum exposure rate. The 

lead or equivalent material shall be positioned in such a way the 

entire primary beam is blocked. 

 

Note: 

i. If it is possible to adjust the distance between the x-ray 

focal spot and tabletop, this distance should be minimized. 

 

ii. The image on the monitor should be blank, assuring that 

the ABC is driving the kV and mA to their maximum 

values. 

 

 2. Ensure the grid is in place. 

 3. Make a fluoroscopy exposure with ABC mode for all selectable 

field sizes and measure the maximum entrance exposure rate. 

 

 4. For manual system, select 100 kVp and adjust the mA with normal 

field size to obtain a normal working brightness. 

 

 5. For fluoroscopy system with high dose rate mode, using normal 

field size, make a fluoroscopy exposure with ABC mode. 

 

 6. Record the dose rate measured and all exposure parameter used 

in step 3 to 5. 

 

Assessment and 

Evaluation 

1. The maximum patient exposure rate should be evaluated without 

backscatter; a PMMA scattering phantom should not be used. The 

maximum exposure rate should be determined by placing a sheet 

of lead over the input of the image receptor, which causes the 

ABC circuitry to produce a maximum exposure rate. 

 

 2. The image on the monitor should be blank, assuring that the ABC 

is driving the kV and mA to their maximum value 
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Performance 

Standards 
With ABC Without ABC 

High Dose Rate 

System 

≤ 100 mGy/min (10 

R/min) 

≤ 50 mGy/min (5 

R/min) 

≤ 200 mGy/min (20 

R/min) 
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TEST PARAMETER 9: PRIMARY PROTECTIVE BARRIER 

 

Purpose of Test To verify the exposure rate due to transmission through protective barrier 

is within acceptable level at 10 cm from any accessible surface of the 

fluoroscopic imaging assembly beyond the plane of the image receptor per 

10 mGy/min of entrance dose rate. 

 

Frequency of Test Annually. 

Test Tool 1. Dosimeter. 

 2. Survey meter. 

 3. 2 mm Cu sheet. 

Method 1. Position the input surface of the fluoroscopic imaging assembly (II or 

plat panel detector) at 30 cm above the tabletop. Ensure that the 

movable grid is removed. 

 

 2. Place 2 mm Cu sheet in the useful beam 10 cm from the point of 

measurement of entrance dose rate and between this point and the 

input surface of the fluoroscopic imaging assembly. 

 

 3. Open collimator to a field size of 10 cm x 10 cm. 

 4. Measure entrance exposure rate at the centre of x-ray beam where 

it enters 2 mm Cu sheet. 

 

 5. Measure transmission radiation at 10 cm from any accessible surface 

of the fluoroscopic imaging assembly beyond the plane of the image 

receptor in standard fluoroscopy mode. 

 

Note: 

Cover the accessible surface of survey meter with lead except 

surface facing to fluoroscopic imaging assembly to avoid reading of 

scattered radiation. 

 

 6. Calculate the permissible limit of transmitted radiation and radiation 

from image receptor. Compare the result with the performance 

criteria. 

 

Note: 

For fluoroscopy system where source above table and the FID is 

variable, the measurement shall be made with the end of the beam 

limiting device or spacer as close to the tabletop as it can be placed, 

provided that it shall not be closer than 30 cm as shown in Figure 9.1 

(B). 
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Figure 9.1: Barrier Transmitted Radiation Measurement Setup 

 

 7. Repeat Step 4 to 6 for all selected field sizes available. 

Assessment and 

Evaluation 

1. The imaging system serves two purposes:  

i. to provide the imaging function 

 

ii. to act as a barrier to the useful beam. 

 

 2. The imaging system is considered to be a "primary protective barrier" 

(PPB) and for fluoroscopic systems is designed to intercept the entire 

useful beam. 

 

 3. Fluoroscopists typically work close to the patient during the 

fluoroscopic exam, often with part of their body adjacent to or in 

contact with the imaging system or table. Therefore, if any part of the 

useful beam extends beyond the edges of the PPB, the fluoroscopist 

could be exposed directly to the beam. 

 

 4. Additionally, any radiation transmitted through the barrier via poorly 

fitted joints or improperly shielded spots can also put the fluoroscopist 

at risk. 

 

Performance 

Standards 

≤ 20 µGy/hr (2 mR/hr) at 10 cm from any accessible surface of the 

fluoroscopic imaging assembly beyond the plane of the image receptor per 

10 µGy/min of entrance dose rate 
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TEST PARAMETER 10: IMAGE QUALITY ASSESSMENT 

 

Test Parameter 10.1 Grey Scale Test 

 

Purpose of Test To verify that the display monitor is adjusted correctly before assessing 

the other image quality test. 

 

Frequency of Test Annually 

Test Tool 1. Leeds Test Object GS2 or equivalent 

 2. 2 mm Cu filter 

Method 1. Position the image receptor so that the input surface to focus 

distance (FID) is about 75 cm or maximum. 

 

 2. Place Leeds Test Object GS2 as close as possible to the image 

receptor input surface and in centre of the x-ray beam. 

 

 3. Place the attenuator of 1 mm Cu on the front of the collimator. 

 4. Make a fluoroscopy exposure with ABC to achieve 70 kV and add 

1 mm Cu if required. 

 

Note: 

70 kV (or in the range of 65 kV up to 80 kV) is a calibrated beam 

required by phantom manufacturer to produce an image for 

subsequent test. 

 

 5. Adjust brightness and contrast controls of the display live monitor 

until the black disc is clearly visible in the dark square and the 

peak-while disc similarly visible in the light gray square. 

 

Note: 

Alternatively, the brightness can be reduced until the black spot is 

just visible. This setting is sometimes preferred under clinical 

operating conditions because it may result in the low and medium 

contrast being enhanced. 

 

 6. Check that the step wedge presents an acceptable grey scale with 

all ten steps visible and shows a regular increase in contrast. 

 

Note: 

The monitor is now standardized and should remain in this 

condition for the remaining quality image test 
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Figure 10.1: Leeds Test Objects, GS2 images 

 

 7. Record observation accordingly on the report. 

 8. Repeat Step 5 to 7 for all selected field sizes. 

Assessment and 

Evaluation 

1. The image of the test object should be viewed at the standard 

viewing distance of 4 times the displayed circle diameter. 

 

 2. The number of visible steps was counted. Notes were made 

whether the black and white circles, on the white and black square 

respectively, are visible and circular. If not all the steps are visible 

the monitor settings should be adjusted until they are or until the 

best brightness and contrast is achieved. In case when not all the 

ten steps are seen, their actual number is recorded. 

 

Performance 

Standards 

A black spot and a white spot and all 10 steps of the step wedge shall 

be visible. 
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Test Parameter 10.2 Limiting Spatial Resolution 

 

Purpose of Test To confirm the limiting resolution of the system is within acceptable 

limits. 

 

Frequency of Test Annually 

Test Tool 1. Hüttner X-ray Test Pattern 

 2. PMMA phantom or equivalent (if necessary) 

Method 1. Remove the attenuator from the Test Parameter 10.1 to achieve 

the highest possible subject contrast. 

 

 2. Attach Huttner resolution test pattern in centre of the x-ray beam 

as close as possible to the image receptor input surface at 45° to 

the field of view if the grid cannot be removed. 

 

 3. Make a fluoroscopy exposure at low x-ray tube voltage of 40 to 

60 kVp. A high input exposure rate should be used to suppress 

noise in the image. 

 

Note: 

For some systems, water/Perspex may have to be added to the 

beam to achieve calibrated conditions. 

 

 4. Obtain an image and score the number of resolvable groups of 

lines. Convert to the corresponding resolution. 

 

 

    
Figure 10.2: Leeds Test Object TOR CDR and Huttner Resolution 

Pattern Images 
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 5. Repeat the test for each available field size. 

 

Note: 

i. Ensure that any palpation devices, fixed diaphragms, and 

movable grid are removed. 

 

ii. Ensure that the setting of the video monitor established in 

Test Parameter 10.1 are not changed 

 

iii. Observe the image and find out the maximum number of 

line pair details visible.  

 

iv. It is not necessary to screen continuously when counting 

details on images. Measurements should be made on last 

image hold for fluoro. Digital images are assessed after 

the frame has been acquired. 

 

Assessment and 

Evaluation 

1. Observe the line pair pattern on the monitor by looking for the last 

bar section in which a clear distinction between line and space. 

 

 2. After an initial grey scale check, image quality is measured simply 

by counting the number of details detected and the number of bar-

patterns resolved in the image. 

 

 3. If necessary, a magnifying glass can be used to determine the 

results. 

 

 4. It is important that fluoroscopic X-ray unit are capable to produce 

high quality images to assist in accurate diagnosis and to optimize 

the patient dose delivered. 

 

Performance 

Standards 

1.  Baseline 

 

 2.  Field Size Spatial resolution 

> 40 cm > 0.6 lp/mm (No. of groups: > 3) 

36 - 40 cm > 0.7 lp/mm (No. of groups: > 4) 

30 - 35 cm > 0.8 lp/mm (No. of groups: > 5) 

25 - 29 cm > 0.9 lp/mm (No. of groups: > 6) 

20 - 24 cm > 1.0 lp/mm (No. of groups: > 7) 

< 19 cm > 1.25 lp/mm (No. of groups: > 9) 
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Test Parameter 10.3 Low Contrast Resolution 

 

Purpose of Test To measure the low contrast sensitivity of the system due to noise or 

contrast loss. 

Frequency of Test Annually. 

Test Tool 1. Leeds Test Object N3 or equivalent 

 2. 1 mm Cu filter 

Method 1. Position the image receptor so that the input surface to focus 

distance (FID) is about 75 cm or maximum. 

 

 2. Position the Leeds Test Object N3 centrally on the surface of the 

image receptor surface with red arrow pointing in a direction of 

the patient’s head. 

 

 3. Place the attenuator of 1 mm Cu on the front of the collimator. 

 

Note: 

i. Ensure 1 mm Cu filter remains in the beam. 

 

ii. Ensure that the setting of the video monitor established 

in (Test Parameter 10.1) remain unchanged 

 

 4. Make a fluoroscopy exposure with ABC. 

 5. Observe the image and identify the disc which has the lowest 

contrast (from the background). 

 

  

 
Figure 10.3: Leeds Test Objects N3 Image 
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 6. Record observation accordingly on the report. 

 7. Repeat the test for each available field size. 

Assessment and 

Evaluation 

1. Room lighting should be dimmed to standard clinical levels. 

 2. It is not necessary to screen continuously when counting details 

on images. Measurements should be made on last image hold. 

 

 3. Count the maximum number of details visible in the image. 

There are a total of 19 details in 2 rings and a centre detail. If 

there is any doubt about whether a disc exists, then records the 

result as ½. 

 

 4. Refer to the user manual to get the percentage contrast value of 

the 19 details. 

 

Performance 

Standards 

1. Baseline 

 

 2. Field Size Low Contrast Resolution 

> 40 cm ≤ 4.2% (Group 9) 

36 - 40 cm ≤ 3.9% (Group 10) 

30 - 35 cm ≤ 3.3% (Group 11) 

19 - 25 cm ≤ 2.7% (Group 12) 

< 19 cm ≤ 2.3% (Group 13) 
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Test Parameter 10.4 Threshold Contrast Detail Detectability (TCDD) 

 

Purpose of Test To evaluate the overall image quality and the performance of the 

fluoroscopy system. 

 

Frequency of Test Annually 

Test Tool 1. Dosimeter. 

 2. Threshold contrast test object (e.g. Leeds Test Object TO16/ 

TO20 or TCD9 test object or equivalent). 

 

 3. 2 mm Cu filter. 

Method 1. Position the image receptor so that the input surface to focus 

distance (FID) is about 75 cm or maximum. 

 

 2. Position the threshold contrast test object centrally as close as 

possible to the image receptor surface. 

 

 3. Place the attenuator of 1 mm Cu on the front of the collimator. 

 

Note: 

i. Ensure 1 mm Cu filter remains in the beam. 

 

ii. Ensure that the setting of the video monitor established 

in (Test Parameter 10.1) remain unchanged 

 

 4. Place dosimeter on the image receptor surface to measure the 

image receptor dose rate. 

 

 5. Select the normal field size. 

 6. Make a fluoroscopy exposure with ABC to produce an image. 

 7. Observe the image and identify the detail which has the lowest 

contrast with background for each group of disc. 

 

 8. Record the dose rate and number of detail seen in each groups. 

 9. Determine threshold contrast (%) for each group by referring to 

the Table given by phantom’s manufacturer. 

 

 10. Calculate threshold detection index, HT. 
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Figure 10.4: Leeds Test Objects TO10 Image 

 

 11. Plot graph threshold detection index vs sqrt Area. 

 12. Determine image quality factor (IQF) for further image quality 

evaluation. 

 

 13. Compare the IQF with baseline data from T&C. 

 14. Repeat step 5 to 12 for all available field size during T&C. 

 

Note: 

If the smaller field size is unable to cover the entire test object, 

move the patient table or the test object around the field of view 

of the image receptor to view all visible objects 

 

Assessment and 

Evaluation 

1. TCDD is a useful and practical tool for assessing overall imaging 

performance. 

 

 2. The same phantom during T&C should be used for next TCDD 

tests to make the IQF comparison. This is due to different 

contrast index produced by different phantom’s manufacturer. 

 

 3. Image Quality Factor (IQF) can be determined and calculated 

using the equation below: 

 

IQF= 
1

n
 ∑

HT

HT
ref

(Ai)

(Ai)

n

i=1

 [
Dref

D
]

0.5

 

 

where, 
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HT (Ai) = Threshold contrast detail index values 

calculated from the image 

HT
ref

 (Ai) = Threshold contrast detail index values 

calculated from a reference image of a 

system known to be in good adjustment 

D = The dose to the image plate 

Dref = The dose to the image plate for the reference 

image 

n = The number of different details diameter 

(group) visible in the test object 

 
 

Performance 

Standards 

Baseline IQF ≤ 10% 

 



 
 

51 Technical QC Protocol Handbook for Fluoroscopy System| BKRP 

 

TEST PARAMETER 11: FOCAL SPOT SIZE MEASUREMENT 

 

Purpose of Test To determine the focal spot size of the X-ray tube. 

Frequency of Test Commissioning and after tube replacement. 

Test Tool 1. Star Pattern (2.0°) 

Method 1. Examine the label on the X-ray tube for any indication of the 

focal spot size. 

 

 2. Mount the star pattern plate directly to the face of the tube 

housing so that the radiographic central ray is perpendicular to 

the star pattern and passes through the centre of the star. 

 

Note: 

Positioning of star pattern can be adjusted by screening using 

fluoroscopy mode 

 

 3. Place CR imaging plate on the table at about the same distance 

from the star pattern to the focal spot (this will give a 

magnification of two and align it so that the central ray strikes 

the centre of the image plate). 

 

 4. Make an exposure using kV and mA that are comparable to 

clinical used, to get the true focal spot size. 

 

Note: 

If a computed radiography system is used to process film, an 

exposure setting of 45-50 kV and 1 mAs is sufficient to carry out 

this test 

 

 5. Acquire the image. 

 6. Determine the magnification (M) by dividing the diameter of the 

radiographic image of the star pattern by the true diameter 

(45 mm). 

 

 7. Observe the star pattern on the radiograph inward from the 

periphery to find the outer-most region in which the image of the 

sectors blur. This is the region of zero contrast. Measure the 

diameter of this region across its greatest extent and also in 

perpendicular dimension. 

 

 8. Repeat step 4-7 for large focal spot size. 
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Assessment and 

Evaluation 

1. The focal spot size can be determined with the test plates by 

observing the regions of blurring which occur when definite 

dimensions. Radiation form different areas of the focal spot will 

cause a periodic blurring of the pattern due to penumbra effects. 

Knowledge of the geometric factors and the distance from the 

center of the pattern to the region where blurring occurs will 

permit the calculation of the focal spot size, with the same 

accuracy as measurements made with a pinhole camera. 

 

 2. By using this formula, obtain the focal spot size. 

 

F =
N

57.3
 x 

D

(M − 1)
 

 

where, 

 

F = the focal spot size in mm 

N = the angle of the star pattern line (which is marked on 

star pattern 0.5°, 1.0°, 1.5°, or 2.0°) 

 

D = the diameter of the zero-contrast region in mm 

M = Magnification 

 

Note: 

The minimum focal spot size measurable with the 2°star pattern 

is 0.5 mm. 

 

 3. If the image plate is not properly centred, the pattern of the star 

will appear distorted. The pattern should be realigned and the 

exposure repeated. 

 

 4. Formula and data presented yields the equivalent homogeneous 

focal spot size. 

 

Performance 

Standards 

Fperp or Fparallel  ≤ 2.0 x Fnom 
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TEST PARAMETER 12: KAP CALIBRATION FOR CLINICAL RADIATION 

EXPOSURE MONITORS (FOR SYSTEM WITH DAP METER) 

 

Purpose of Test To verify the KAP reading displayed at the X-ray system console panel 

within the tolerance level when comparing with a reference dose area 

product. 

 

Frequency of Test Annually 

Test Tool 1. Dosimeter 

 2. Attenuator (Cu or Pb) 

Method 1. Collimate X-ray beam so that its area at the position of the 

detector is approximately 10 x 10 cm. 

 

Note: 

Area can be verified by exposing a CR imaging plate at same 

position as the detector or using an appropriate radio-opaque 

ruler. 

 

 2. Place a calibrated dosimeter at that distance. Ensure that the 

dosimeter is within this area. 

 

  

 
Figure 12.1: DAP Calibration Set up 

 

 3. Initiate fluoroscopy exposure to reach at least 10 mGy.cm2 for 

internal KAP meter attached to the fluoroscopy system. 

 

Note: 

i. DAP reading from X-ray system console panel after every 

measurement should be reset for subsequent test. 

 

ii. Place an attenuator in the beam between dosimeter and 

image receptor so the fluoroscopy will generate radiation 

to reach desired DAP value. 
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 4. Record reading from the internal KAP meter (initial and final 

reading) and detector. 

 

 5. Repeat Step 1 to 4 for different beam sizes (eg: 15cm x 15cm 

and 20cm x 20cm). 

 

 6. Compare reading from internal KAP value and reading from 

reference dose multiplied with the area. 

Assessment and 

Evaluation 

1. Compare the KAP value obtained from the KAP Meter displayed 

on the X-ray console with the reference dose (reading from ion 

chamber multiplies by area) to determine the deviation. 

 

 2. Deviation can be calculated as following: 

 

Deviation =
(Xmeasured − Xcalibrated)

Xcalibrated 
× 100% 

 

where, 

 

X = dose area product reading 

 

 3. Correction Factor (CF) should be applied if the deviation is more 

than 20%. CF can be determined as below: 

 

CF =
Calibrated reading

Displayed Reading 
 

 

Performance and 

Safety Standards 

Deviation ≤ 20% of reference value 
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TEST PARAMETER 13: LEAKAGE RADIATION 

 

Purpose of Test To verify any leakage radiation through the x-ray tube assembly and 

beam limiting device is within acceptable limit. 

 

Frequency of Test Annually 

Test Tool 1. Survey Meter. 

 2. Lead sheets 

Method 1. Ensure the collimator of the X-ray tube is fully closed or covered 

by lead sheets. 

 

 2. Cover the top part of the tube assembly with lead sheets. 

Additional shielding (particularly for mobile fluoroscopy units) 

may be required if the collimators cannot be closed completely. 

 

 3. Position the survey meter at a focus to chamber distance of 100 

cm within the region of maximum leakage. Normally 

measurements are taken at the anode, cathode, front and back 

of the x-ray tube (see Figure 13.1). 

 

Note: 

Other distances may be used (and an inverse square law 

correction applied). 

 

  

 
Figure 13.1: Leakage measurement setup 

 

 4. Select a voltage about 10 kVp lower than the maximum kVp (e.g. 

110 kV) and a suitable mA and exposure time (e.g. 200 mA and 

0.1 second) and make an exposure. 
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Note: 

i. If the X-ray system can only use fluoroscopy mode, use 

the ABC mode for 5 seconds at the highest kV. 

 

ii. Leakage measurements should always be taken at the 

maximum practical kVp, however, caution should be 

exercised particularly where tube voltage errors may be 

apparent. If there is uncertainty, use a tube voltage not 

more than 10 kVp less than the maximum. 

 

 5. Record all readings accordingly on the report. Preferably with a 

diagram or drawing for four (4) location of interest mentioned 

above. 

 

Assessment and 

Evaluation 

1. Manufacturer’s tube loading specifications Leakage Technique 

Factor (LTF) will need to be consulted so that measurements 

can be corrected to meet the one-hour continuous rating 

requirements. 

 

  Radiation leakage technique factors 

(IEC 60601-1-3) 

kV / kW 

mAs/h 

125 / 3.0 

86400 

Figure 13.2: Example of Leakage Technique Factor 

 

 2. The reading taken from each position is the measured reading 

and should be in unit R/h or Sv/hr. 

 

 3. Depends on the survey meter used, take the correction factor 

(CF) from calibration certificate. CF can also be determined by 

using the following formula: 

CF =
1

1 − e−t/RC
 

Where:   

t    = exposure time 

RC = time constant for the meter used 

 

   RC     =
meter response time

− ln 0.1 
 

 

 4. Multiply the measured readings with the CF to obtain the True 

Reading. 

 

True Reading = measured reading x CF 

 

 5. From manufacturer’s tube loading specifications, calculate mA 

using following equation: 

 Current =
Power

Voltage
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 6. Normalise the true reading with the LTF: 

 

Normalised reading = True reading x 
mA1

mA2
 x (

kV1

kV2
)

2

 

where, 

 

mA1 and kV1 = LTF 

mA2 and kV2 = exposure setting 

 

Note: 

For time exposure used more than time constant of the survey 

meter, measured reading is a true reading. 

 

Performance 

Standard 

Leakage radiation shall not exceed 0.1 mGy  (10 mR) at 1 meter from 

the X-ray tube in an hour at every rating specified by the manufacturer 
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TEST PARAMETER 14: SCATTERED RADIATION 

 

Purpose of Test To verify the amount of scattered radiation from the fluoroscopy system 

at every occupied area adjacent (including the control/ operating area) 

to fluoroscopy room are within acceptable level. 

 

Frequency of Test Annually 

Test Tool 1. Survey Meter 

 2. 20 cm water phantom or PMMA 

Method 1. Place 20 cm water phantom on the couch and position it at the 

centre of the X-ray field. 

 

 2. Open collimator fully and ensure that it cover the entire size of 

the phantom. 

 

 3. Cover the surface of image receptor with lead as a precaution. 

 4. Make an exposure on the phantom with either a fluoroscopy or 

radiography mode. 

 

 5. Position the survey meter at the area where would like to test 

and make an exposure with the highest exposure factor clinically 

used by the user (Figure 14.1). 

 

  

 
Figure 14.1: Suggested position of scattered radiation survey 

 

 6. Record the reading on the report, preferably with a diagram or 

drawing for the location of interest. 
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 7. Repeat the test at the other location. 

 8. Obtain and record number of patients per week and estimated 

exposure time per patient. 

 

Note: 

For mobile C-arm placed in dedicated room, scattered radiation 

test shall be carried out. 

 

Assessment and 

Evaluation 

1. The reading take from each position is the measured reading 

and should be in unit R/h or Sv/hr. 

 

 2. Depends on the survey meter used, take the correction factor 

(CF) from calibration certificate. CF can also be determined by 

using the following formula: 

 

CF =
1

1 − 𝑒−𝑡/𝑅𝐶
 

where, 

t     = exposure time 

RC = time constant for the meter used 

 

   RC     =
meter response time

− ln 0.1 
 

 

Note: 

Refer survey meter manual to get meter response time 

 

 3. Multiply the measured readings with the correction factor to 

obtain the True Reading: 

 

𝑇𝑟𝑢𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑟𝑒𝑎𝑑𝑖𝑛𝑔 𝑥 𝐶𝐹 

 

  The weekly dose is: 

 

𝑊𝑒𝑒𝑘𝑙𝑦 𝐷𝑜𝑠𝑒 =  
𝑇𝑟𝑢𝑒 𝑅𝑒𝑎𝑑𝑖𝑛𝑔

3600
𝑥 𝑁𝑃 𝑥 𝑁𝑆 𝑥 𝑇 

where, 

  

NP = number of patient per week 

NS = number of exposure per patient 

T   = exposure time (sec) 

 

Performance 

Standard 

Exposure rate in one week at every occupied area outside the X-ray 

room and at the position normally occupied by the operator at the 

controlled area shall not exceed 0.1 mGy (10 mR). 
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H. PERFORMANCE AND SAFETY STANDARDS 

 

PERFORMANCE AND SAFETY STANDARDS FOR FLUOROSCOPY SYSTEM 

 

No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

1. Unit Assembly All 

mechanical 

movement 

and locks are 

functioning 

properly 

 

NA Mechanical 

fault which 

affects 

functionality 

and safety 

Annually 

2. Minimum Focus to Skin Entrance Distance 
Annually 

 
i. Permanent or fixed 

 

 a) Under table X-

ray tube 

≥ 40 cm 

between X-

ray tube focal 

spot & patient 

support 

NA NA  

 b) Over table X-

ray tube 

≥ 70 cm 

between X-

ray tube focal 

spot & patient 

support 

NA NA  

 
ii. May or may not be permanent 

 

 a) Mobile C-arm ≥ 20 cm 

between X-

ray tube focal 

spot and 

patient’s skin 

NA NA  

 b) Other unit ≥ 70 cm 

between X-

ray tube focal 

spot and input 

surface of the 

image 

receptor 

NA NA  

3. X-ray Generator Performance and Radiation Output 
Annually 
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

 
i. Accuracy of kVp 

 

 

 

 

a) Tube Potential  

< 100 kV 

Max. 

deviation  ≤ 

5 kV 

Max. 

deviation  > 

5 kV 

Max. 

deviation  > 

10 kV 

 

 

 

 

b) Tube Potential  

≥ 100 kV 

Max. 

deviation  ≤ 

5% 

Max. 

deviation  > 

5% 

Max. 

deviation  > 

10% 

 

 
ii. Accuracy of Exposure Timer 

 

 

 

 

a) For time < 0.1 

sec 

Max. 

deviation  ≤ 

20% 

Max. 

deviation  > 

20% 

Max. 

deviation  > 

30% 

 

 

 

 

b) For time ≥ 0.1 

sec 

Max. 

deviation  ≤ 

10% 

Max. 

deviation  > 

10% 

Max. 

deviation  > 

20% 

 

 iii. Fluoroscopic 

alarm timer 

indicator 

Audible 

warning when 

exceeding 5 

minutes 

> 5 minutes NA  

 iv. Repeatability of 

radiation output 

(Radiographic or 

fluoroscopic 

mode) 

CoV ≤ 5% CoV > 5% CoV > 10%  

 v. Coefficient of 

linearity 

(Output variation 

with mA or mAs) 

≤ 10% > 10% > 20%  

4. X-ray Beam Limitation 
Annually 

 i. Alignment of the 

centre of X-ray 

tube to the image 

receptor 

 

≤ 2% of FID > 2% of FID > 3% of FID  

 ii. Coincidence of 

radiation field 

size to image 

field size 

i. The sum 

of the 

excess 

length 

and the 

excess 

i. ≥ 4% of 

FID 

ii. Radiatio

n area > 

1.1x 

i. > 5% of 

FID 

ii. Radiatio

n area > 

1.25x 
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

width 

shall be 

< 4% of 

FID. 

ii. Radiatio

n field 

shall be 

restricte

d to 

image 

receptor 

size 

when 

the 

collimat

or is fully 

opened. 

 

image 

receptor 

image 

receptor 

5. X-ray Beam Filtration (HVL Measurement) 
Annually 

 Tube 

Voltage 

Range 

(kVp) 

Operating 

Potential 

(kVp) 

Minimum HVL in mm Al 

 

 50 to 70 50 1.2 < 1.2 NA  

 60 1.3 < 1.3 NA  

 70 1.5 < 1.5 NA  

  70 71 2.1 < 2.1 NA  

 80 2.3 < 2.3 NA  

 90 2.5 < 2.5 NA  

 100 2.7 < 2.7 NA  

 110 3.0 < 3.0 NA  
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

 120 3.2 < 3.2 NA  

 130 3.5 < 3.5 NA  

 140 3.8 < 3.8 NA  

 150 4.1 < 4.1 NA  

6. Image Receptor Input Dose Rate 
Annually 

 
Maximum Dose Rate for field size: 

 

 i. 11 cm to < 14 cm ≤ 120 

µGy/min 

> 120 

µGy/min 

> 180 

µGy/min 

 

 ii. 14 cm to < 23 cm ≤ 90 µGy/min > 90 µGy/min > 135 

µGy/min 

 

 iii. ≥ 23 cm ≤ 60 µGy/min > 60 µGy/min > 90 µGy/min  

7. Typical Patient Entrance Surface Dose 

(Simulating the standard adult patient thickness of 20cm) 

Annually 

 
i. Typical Patient Entrance Surface Dose 

 

 a) With ABC ≤ 25 mGy/min 

(2.5 R/min) 

NA ≥ 25 mGy/min 

(2.5 R/min) 

 

 

 

 

b) Without ABC ≤ 12 mGy/min 

(1.2 R/min) 

NA ≥ 12 mGy/min 

(1.2 R/min) 

 

 

 

 

ii. Patient Entrance Dose Per Frame 

 

 a) Normal 

Digital 

Fluoroscopic 

Acquisition 

Mode 

 

≤ 2 

mGy/frame 

NA > 2 

mGy/frame 

Annually 

 b) For Cardiac 

Mode 

≤ 0.2 

mGy/frame 

NA > 0.2 

mGy/frame 
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

8. Entrance Surface Dose Rate Limit 
Annually 

 

 

 

i. With ABC ≤ 100 

mGy/min (10 

R/min) 

NA > 100 

mGy/min (10 

R/min) 

 

 

 

 

ii. Without ABC ≤ 50 mGy/min 

(5 R/min) 

NA > 50 mGy/min 

(5 R/min) 

 

 

 

 

iii. High Dose Rate 

System 

≤ 200 

mGy/min (20 

R/min) 

NA > 200 

mGy/min (20 

R/min) 

 

9. Primary Protective 

Barrier 

(Not applicable for c-

arm type fluoroscopy) 

≤ 20 µGy/hr 

(2 mR/hr) at     

10 cm from 

any 

accessible 

surface of the 

fluoroscopic 

imaging 

assembly 

beyond the 

plane of the 

image 

receptor per 

10 µGy/min of 

entrance dose 

rate 

 

NA > 20 µGy/hr 

(2 mR/hr) at     

10 cm from 

any 

accessible 

surface of the 

fluoroscopic 

imaging 

assembly 

beyond the 

plane of the 

image 

receptor per 

10 µGy/min of 

entrance dose 

rate 

Annually 

10. Image Quality 
Annually 

 i. Grey scale test A black spot 

and a white 

spot and all 10 

steps of the 

step wedge 

shall be visible 

 

NA No visibility of 

black spot, 

white spot 

and  

< 10 steps of 

the step 

wedge 

 

 

 

 

 

ii. Limiting spatial 

resolution 

Baseline or Baseline 

reduced by up 

to 2 groups or 

Baseline 

reduced by up 

to 3 groups or 
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

 
Field Size Spatial resolution 

 

 > 40 cm > 0.6 lp/mm 

(No. of 

groups: > 3) 

≤ 0.6 lp/mm < 0.4 lp/mm  

 36 - 40 cm > 0.7 lp/mm 

(No. of 

groups: > 4) 

≤ 0.7 lp/mm < 0.5 lp/mm  

 30 - 35 cm > 0.8 lp/mm 

(No. of 

groups: > 5) 

≤ 0.8 lp/mm < 0.56 lp/mm  

 25 - 29 cm > 0.9 lp/mm 

(No. of 

groups: > 6) 

≤ 0.9 lp/mm < 0.63 lp/mm  

 20 - 24 cm > 1.0 lp/mm 

(No. of 

groups: > 7) 

≤ 1.0 lp/mm < 0.71 lp/mm  

 < 19 cm > 1.25 lp/mm 

(No. of 

groups: > 9) 

≤ 1.25 lp/mm < 0.9 lp/mm  

 iii. Low Contrast 

Resolution 

Baseline Baseline 

reduced by up 

to 2 discs or 

Baseline 

reduced by up 

to 3 discs or 

 

 
Field Size Low Contrast Resolution 

 

 > 40 cm ≤ 4.2% 

(Group 9) 

> 4.2%   

 36 - 40 cm ≤ 3.9% 

(Group 10) 

> 3.9% ≥ 6.6%  

 30 - 35 cm ≤ 3.3% 

(Group 11) 

> 3.3% ≥ 5.5%  

 19 - 25 cm ≤ 2.7% 

(Group 12) 

> 2.7% ≥ 4.5%  

 < 19 cm ≤ 2.3% 

(Group 13) 

> 2.3% ≥ 3.9%  

 iv. Threshold 

Contrast Detail 

Detectability 

Baseline IQF 

≤ 10% 

Deviation of 

fitted curve 

from baseline 

> 30% 

  

11. Focal Spot Size 

Measurement 

Fperp or Fparallel 

≤ 2.0 x Fnom 

NA NA During 

commissioni
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No Physical Parameters 

Performance Level 
Test 

Frequency Acceptance 

Level 

Remedial 

Level 

Suspension 

Level 

ng and after 

replacement 

of major 

component 

 

12. KAP Calibration for 

Clinical Radiation 

Exposure Monitors 

(for system with KAP 

meter) 

 

Deviation ≤ 

20% of 

reference 

value 

Deviation > 

20% of 

reference 

value 

Deviation > 

30% of 

reference 

value 

Annually 

13. Leakage Radiation 

Exposure from the 

leakage radiation at 1 

meter from the X-ray 

tube in one hour at 

every rating specified 

by the manufacturer 

 

≤ 0.1 mGy 

(≤ 10 mR) 

≤ 1 mGy 

(≤ 100 mR) 

> 1 mGy 

(> 100 mR) 

Annually 

14. Scattered Radiation 

Exposure in one week 

at every occupied 

area outside the X-ray 

room and at the 

position normally 

occupied by the 

operator at the control 

area 

 

≤ 0.1 mGy 

(≤10 mR) 

NA > 0.1 mGy 

(> 10 mR) 

Annually 

 

Note: 

1. All tests shall be carried out during commissioning and after replacement of major 

components. 

2. Annually test should be carried out by qualified personnel who are registered and approved 

under the class H license, MOH. 

3. Performance levels: 

• Acceptable Level: Level at which the performance of that parameter is within stipulated 

requirements. 

• Remedial Level: Level at which the performance of that parameter is not within the stipulated 

requirements where corrective action shall be taken within a prescribed time period. 

• Suspension Level: Level at which the performance of that parameter is not within stipulated 

requirements where the equipment shall be removed from clinical use immediately until 

appropriate corrective action is taken.
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I. FORMAT OF TESTING FORM 

 

TEST PARAMETER 1: UNIT ASSEMBLY EVALUATION 

 

No. Check list Comply 

1.1 All foot and hand switches designed to energize the fluoroscopic tube should 

be tested to assure that x-ray production is terminated as soon as the switch 

is released. 

 

1.2 The table, image receptor and tube, as applicable, should move smoothly 

without requiring excessive force. 

 

1.3 Check all of the locks and centring detents on the tower and table for 

adequate function. 

 

1.4 Check all switches, indicator lights and meters on the table, tube, image 

receptor and radiation warning light for appropriate function. 

 

1.5 Using each collimating option, test for smooth collimator blade motion. If 

applicable, vary the source-to-image distance (SID) to assure the collimator 

tracks (i.e., automatically maintains the field size) as the SID changes. 

 

1.6 Check that available grids smoothly move in and out of the useful beam.  

1.7 Lead drapes should be affixed to the image receptor (under-table systems) 

and be absent of creases or gaps that may subject the operator to 

unnecessary scatter radiation. 

 

1.8 Check that the bucky moves smoothly along the track and its locking 

mechanism are functioning.   

 

1.9 If the unit is an under-table fluoroscopic system, check that the mechanism 

that covers the bucky slot during fluoroscopy is working as designed. 

 

1.10 If the unit is a portable C-arm, it likely has a removable spacer on the tube 

that is designed to prevent the patient from getting closer than 30 cm to the 

tube’s target. This spacer should always be in place unless in surgery where 

removing it will permit a 20 cm SID. 

 

1.11 On systems where the image receptor can be placed in a park position, do 

so and step on the pedal to assure that this interlock is functioning. It should 

not be possible to activate the x-ray tube unless the entire fluoroscopic beam 

is intercepted by the image receptor. 

 

1.12 Verify that all of the indicators on the control panel are functioning.   

1.13 Ceiling suspension lead screen of at least 0.5 mm Pb equivalent should be 

installed for additional worker protection 

 

1.14 Check that available compression devices easily move in and out of the 

useful beam and function properly (if applicable) 
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TEST PARAMETER 2: MINIMUM FOCUSES TO SKIN ENTRANCE DISTANCE 

 

System Configuration  
(please tick) 

Requirement 
Measurement 

(cm) 

Comply 
[Yes/No] 

      

  

1.  Permanent or fixed 
under table X-ray 
tube : 

Patient Support to the x-ray tube 
focal sport > 40cm 

  
  

 

 
 

 
 

  

 
   

  

  
2.  Permanent or fixed 

over table X-ray tube 
Patient Support to the x-ray tube 
focal sport > 70cm 

  
  

 

 
 

 
 

  

      

  
3.  May or may not be 

permanent    

 

 

3.1  Mobile C-arm The x-ray tube focal and patient's 
skin > 20cm 

  
 

      

      

 

3.2  Other Unit The x-ray tube focal and input 
surface of the image receptor > 
70cm 
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TEST PARAMETER 3: X-RAY GENERATOR PERFORMANCE 

3.1. Accuracy of kV (Radiographic Mode) 
 

SDD =_______cm 

Set Exposure Factor Measured Readings Deviation 

kV mA Sec mAs kVp kVp % 

       

       

       

       

       

       

       

       

       

       

Maximum Deviation   

 

 

3.2. Accuracy of kV (Fluoroscopy Mode) 
 

SDD =_______cm 

Set Exposure Factor Measured Readings Deviation 

kV mA Sec mAs kVp kVp % 

       

       

       

       

       

       

       

       

       

       

Maximum Deviation   
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3.3. Accuracy of Exposure Time (Radiographic Mode) 
 

SDD =_______cm 

Exposure Factor 
Measured 

Readings 
Deviation 

kV mA mAs mSec mSec mSec % 

   

    

    

    

    

    

    

Maximum deviation   

 

 

3.4. Fluoroscopy Alarm Timer Indicator 
 

 

Features Observation 

Maximum fluoroscopic time (min)   

Is audible signal function?  [Yes/No]   

Is visual signal function?  [Yes/No]   

Can be resettable to zero?   [Yes/No]   

Audible indicator sounds when high-level exposure control 

is engaged and is audible to operator   [Yes/No/NA]  
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3.5. Repeatability of Radiation Output (Radiographic Mode) 
 

SDD =_______cm 

 

Exposure Factor Measured Readings 

kV mA Sec mAs kVp Dose (mGy) 

   

   

  

  

  

  

Mean   

SD   

CoV   

 

 

3.6. Coefficient of Linearity (Radiographic Mode) 
 

SDD =_______cm 

Set Exposure Factor Measured Readings 

kV mA Sec mAs Dose (mGy) mGy /mAs 

 

     

     

     

     

     

Coefficient of Linearity  
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TEST PARAMETER 4: X-RAY BEAM LIMITATION 

5.1. Alignment Of The Centre Of X-Ray Tube To The Image Receptor 
 

FID (cm)   

 

Distance from centre to the edge of the viewing field for each four axes 

Left  

Right  

Top  

bottom   

Misalignment (cm)   

% Misalignment   

Pass/Fail  
 

5.2. Coincidence of Radiation Field Size to Image Field Size 
 

SID (cm)  

 

 A + B (cm) X + Y (cm) 

Misalignment (cm)   
 

% Misalignment   
 

Total % misalignment 
 

Pass/Fail 
 

 

Nominal 
FS 

(cm) 

Rad. Field 
Size (cm) 

Image Field 
Size (cm) 

Ratio: Radiation FS/Image FS 
Performance 

Std 

Height width Height width Hrad/Himage Wrad/Wimage Average 
Ratio of area 

< 1.1 
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TEST PARAMETER 5: X-RAY BEAM FILTRATION (HVL MEASUREMENT) 

Method A 

 

HVL Measurement  

[Taken from result of Test 3.1] 

kVp HVL [Pass/Fail] 

70   

100   

 

Method B 

 

FDD =_______cm 

Exposure Factor 
Measured 

Readings 
Calculated 

HVL (mmAl) 
kV mA mAs mmAl added Dose rate (mGy/hr) 

70 

     

     

     

90 

     

     

     

 

     

     

     

 

Method C 

 

FDD =_______cm 

Exposure Factor 
Measured 

Readings 
Calculated 

HVL (mmAl) 
kV mA mAs mmAl added Dose rate (mGy/hr) 

70 

     

     

     

90 
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TEST PARAMETER 6: IMAGE RECEPTOR INPUT DOSE RATE (IRIDR) 

 

FID  cm 

Grid removed (Y/N)   

ABC applied (Y/N)   

 

Phantom 2mmCu  

Fluoro Mode 
(Continuous/pulsed) 

Dose Mode 
(low/normal/high) 

Field Size (cm) kVp mA 

IR Input Dose 
Rate  

nGy/s nGy/s 

Continuous / highest 
p/s 

Normal 

        

        

        

 
*Image Receptor Input Dose Rate (IRIDR) should be tested using various fluoro and dose 
mode during T&C.  

Phantom 2mm Cu   

Fluoro Mode 
(Continuous/pulsed) 

Dose Mode 
(low/normal/high) 

Field 
Size 
(cm) 

kVp mA 
IR Input Dose Rate  

nGy/s (Gy/min) 

Continuous / 
highest p/s 

High 
*during T&C 

         

         

         

Continuous / 
highest p/s 

Low 
*during T&C 
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TEST PARAMETER 7: PATIENT ENTRANCE SURFACE DOSE 

7.1. Typical Patient Entrance Surface Dose 
 

FID (cm)   

FDD (cm)  

Grid (in/out)   

ABC Mode (Y/N)   

 

Phantom 2mm Cu   

Fluoro Mode 
(Continuous/pulsed) 

Dose Mode 
(low/normal/high) 

FS  
(cm) 

kVp mA 
ESD Rate  

µGy/s (mGy/min) 

Continuous / 
highest p/s 

Normal 

         

         

         

Continuous / 
highest p/s 

High 
*during T&C 

     

     

     

Continuous / 
highest p/s 

Low 
*during T&C 
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7.2. Patient Entrance Dose Per Frame 
 

FID (cm)   

FDD (cm)  

Grid (in/out)   

ABC Mode (Y/N)   

 

Phantom 2mm Cu 
  
  

Fluoro Mode 
(Continuous/ 

pulsed) 

Dose Mode 
(low/normal/high) 

FS 
(cm) 

kVp mA 
ESD  

(mGy) 
No of 
Frame 

Dose/ 
Frame 

(mGy/fr) 

Continuous / 
highest p/s 

Normal 

          

          

          

          

          

Continuous / 
highest p/s 

High 
*during T&C 

 

      

      

      

      

      

Continuous / 
highest p/s 

Low 
*during T&C 
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TEST PARAMETER 8: ENTRANCE SURFACE DOSE RATE LIMIT 

FID (cm)   

FDD (cm)  

Grid (in/out)   

ABC Mode (Y/N)   

 

Phantom 3mm Lead sheet  

Fluoro Mode 
Dose Mode 

(low/normal/high) 
FS 

(cm) 
kVp mA 

ESD rate  

µGy/s (mGy/min) 

Continuous / 
highest p/s 

 

      

     

     

      

      

Manual 
(100 kVp)      

 

High Dose Rate      
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TEST PARAMETER 9: PRIMARY PROTECTIVE BARRIER 

FID (cm)   

Grid (in/out)   

ABC Mode (Y/N)   

Fluoro Mode 
(Continuous/pulsed) 

Continuous / 
highest p/s 

Dose Mode 
(low/normal/high) 

Normal 

 

Measurement/Calculation Result 
Field Size (cm) 

 
  

Measured ESD rate  
(µGy/s)   

  

mGy/min  
  

Measured dose rate @ 10 cm from 
image receptor surface;  (A) 

(mR/hr) 
  

  

µGy/hr  
  

Calculated permissible limit of transmitted radiation + 
radiation from image receptor surface (B)   

  

(A) < (B)      [Yes/No] 
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TEST PARAMETER 10: IMAGE QUALITY 

10.1. Grey Scale Test 
 

SID (cm)   

Cu Filter (mm)   

Grid (in/out)   

ABC (Y/N)   

 

Phantom used   Console Monitor 

Field size (cm)     

Imaging Mode 

(Continuous/Pulsed Mode)     

Dose (Low/Normal/High)     

kV     

mA     

Result 

a) Number of step wedges visible     

b) White disc visible [Y/N]     

c) Black disc visible [Y/N]     

 

 

10.2. Limiting Spatial Resolution 

 

Phantom used   Console Monitor 

Position* 450 

Field size (cm)        

Imaging Mode 

(Continuous/Pulsed Mode)        

Dose (Low/Normal/High)        

kV        

mA        

Result 
Number of group visible        

lp/mm        
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10.3. Low Contrast Resolution 
 

Phantom used 
  

Scoring 
[Console Monitor] 

Field size (cm)        

Imaging Mode 

(Continuous/Pulsed Mode)        

Dose (Low/Normal/High)        

kV        

mA        

Result 
Number of group visible        

Contrast (%)        
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10.4. Threshold Contrast Detail Detectability (TCDD) 
 

Phantom 
used   

Scoring [Console Monitor] 

Field size (cm)       

Imaging Mode 

(Continuous/Pulsed Mode)       

Dose (Low/Normal/High)       

kV       

mA       

Dose rate measured at image 
receptor  

(µGy/s)       

mGy/min    

Result 
Number of 

group visible 

A       

B       

C       

D       

E       

F       

G       

H       

J       

K       

L       

M       
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Qualitative Assessment: 

Group 
Detail 

Diameter 
(mm) 

Sqrt 
(Area) 

No. of 
Details 
Seen: 

Threshold 
contrast 

(%) 

Threshold 
detection 
index, HT 

 Threshold 
detection 

index 
during 

T&C, Href 

HT/Href 

A 11.10 9.84 
  

 
 

 

B 7.90 7.00 
  

 
 

 

C 5.60 4.96 
  

 
 

 

D 4.00 3.54 
  

 
 

 

E 2.80 2.48 
  

 
 

 

F 2.00 1.77 
  

 
 

 

G 1.40 1.24 
  

 
 

 

H 1.00 0.89 
  

 
 

 

J 0.70 0.62 
  

 
 

 

K 0.50 0.44 
  

 
 

 

L 0.35 0.31 
  

 
 

 

M 0.25 0.22 
  

 
 

 

Sum  

Dose Rate (mGy/min)  

Reference Dose Rate (mGy/min)  

Image Quality Factor (IQF)  

 
Plot the threshold detection index against the square root of detail area on double logarithmic axes  

 
Note :  

i. This test carried out on each QC IPs. 

ii. Use standard dose recommended by Test Object's Manufacturer using appropriate kVp and 

filter. At commissioning, repeat exposure at low (standard dose/3) and high exposure (3 x std 

dose) level. 

iii. IQF can be calculated using formula below: 

( )
( )

5.0

1

1








= 

= D

D

AH

AH

n
IQF

ref
n

i i

ref

T

iT
 HT (A) = 1 / [CT A] - threshold detection index 
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TEST PARAMETER 11: FOCAL SPOT MEASUREMENT 

 

 Small focus Large focus 

Star pattern degree, N 2.0° 

Exposure Factor 
kV   

mAs   

Tube Focal Spot size   

Star pattern diameter (mm) 45 

Star pattern image diameter (mm)   

Magnification, M   

Distance of blur on image at anode-cathode (mm), 

Dparallel 
  

Distance of blur on image at transverse (mm), 

Dperpendicular 
  

Measured focal spot at anode-cathode (Fparallel)   

Measured focal spot at transverse (Fperpendicular)   

 

 

TEST PARAMETER 12: KAP CALIBRATION 

FID (cm)   

Grid (in/out)  

ABC Mode (Y/N)   

Phantom    

 

Reference Dosimeter DAP Reading  (Gy.cm2 ) 

Deviation 

(%) 
Field Size  (cm2) Dose          

( Gy ) 

Dose x 

Area 

(Gy. cm2) 

Initial 

reading 

Final 

reading 

Actual 

reading X (     ) Y (     ) 
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TEST PARAMETER 13: LEAKAGE RADIATION 

Exposure 

Factor 

kVp   
Leakage Technique 

Factor 

kVp   

mA   mA   

sec     

 

Survey meter used  

Position Anode Cathode Front Back 

Measured Reading 

(mR/hr) 
    

RC     

CF     

True Reading (mR/hr)     

Normalised Readings 

(mR in an hour) 
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TEST PARAMETER 14: SCATTERED RADIATION 

 

Exposure 

Factor 

kV   
Patient per 

week 

Patient per week  

mA   
Exposure time 

per patient 
 

mAs      

sec      

 

Survey Meter used  

Location 1 2 3 4 5 

Measured Readings 

(mR/hr) 
     

RC      

CF      

True Readings (mR/hr)      

Weekly dose  

(mR per week) 
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