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Objective: 

 
To familiarize the student with the 
need and the concept of a quality 
assurance program in radiotherapy 
as well as with recommended 
quality procedures and tests. 









12.3   QUALITY ASSURANCE 

PROGRAMME FOR RADIATION 

TREATMENT EQUIPMENT 



The Structure of an Equipment QA 
Program 

(1) Initial specification, acceptance testing 
and commissioning 

(2) Quality control tests 
(3) Additional quality control tests 
(4) Planned preventive maintenance 

program 



The Structure of an Equipment QA 
Program 

(1)   Initial specification, acceptance 
testing and commissioning 

ü  Specification to meet clinical needs 
ü  Site visit 
ü  Acceptance Testing to meet specs 
ü  Commissioning for clinical use 



Equipment Specification 

�  In preparation for procurement of 
equipment, a detailed specification 
document must be prepared. 

� A multidisciplinary team from the 
department should be involved. 

�  This should set out the essential aspects 
of the equipment operation, facilities, 
performance, service, etc., as required by 
the department. 



Questions Related to Clinical Needs 

�  Which patients will be affected by this technology? 
�  What is the likely number of patients per year? 
�  Number of procedures or fractions per year? 
�  Will the new procedure provide cost savings over 

old techniques? 
�  Would it be better to refer patients to a specialist 

institution? 
�  Is the infrastructure available to handle the 

technology? 
�  Will the technology enhance the academic 

program? 
�  What is the organizational risk in implementation 

of this technology? 
�  What is the cost impact? 
�  What maintenance is required? 



Equipment Specification and        
Clinical Needs Assessment 

Ø Once this information is compiled, the 
purchaser is in a good position to clearly 
develop his own specifications. 

Ø Specification can also be based on: 
     • Manufacturer’s specification (brochures) 
     • Published information 
     • Discussions with other users   
Ø Specification data must be expressed in 

measurable units. 
Ø Decisions on procurement should again be 

made by a multidisciplinary team. 



  Acceptance Testing 

�  Acceptance of equipment is the process in 
which the supplier demonstrates the baseline 
performance of the equipment to the 
satisfaction of the customer. 

�  After the new equipment is installed, the 
equipment must be tested in order to ensure, 
that it meets the specifications and that the 
environment is free of radiation and electrical 
hazards to staff and patients. 

�  Essential performance required and expected 
from the machine should be agreed upon 
before acceptance of the equipment begins. 



  Acceptance Testing 

�  It is a matter of the professional judgment of 
the responsible medical physicist to decide 
whether any aspect of the agreed acceptance 
criteria is to be waived. 

�  This waiver should be recorded along with an 
agreement from the supplier, for example, to 
correct the equipment should performance 
deteriorate further. 

�  Equipment can only be formally accepted to be 
transferred from the supplier to the customer 
when the responsible medical physicist either is 
satisfied that the performance of the machine 
fulfills all specifications as listed in the contract 
document or formally accepts any waivers. 



Commissioning 

�  Commissioning is the process of preparing 
the equipment for clinical service. 

�  Expressed in a more quantitative way: A full 
characterization of its performance over 
the whole range of possible operation must 
be undertaken. 

�  In this way the baseline standards of 
performance are established to which all 
future performance and quality control tests 
will be referred. 

�  Commissioning includes preparation of 
procedures, protocols, instructions, data 
book, etc., on the clinical use of the 
equipment. 











The Structure of an Equipment QA 
Program 

(2) Quality control tests  
ü Establish QC program 
ü Establish QC tests 
ü Set up baselines 
ü Determine acceptable/action level 



   Quality Control Program 

�  Equipment quality control program should 
specify the following:  
Ø Parameters to be tested and the tests to be 

performed 
Ø Specific equipment to be used  
Ø Geometry of the tests 
Ø Frequency of the tests 
Ø Staff group or individual performing the tests 
Ø The individual supervising and responsible for 

the standards of the tests and for actions 
that may be necessary if problems are 
identified. 



   Quality Control Program 

� Daily/Weekly Checks:  
◦ Usually done by RTTs, including the machine 
warm up procedures, simple output and 
mechanical checks, plus safety checks. 
◦ Results verified by physics 

� Monthly Checks:  
◦ Usually done by physics staff, standardized 
dosimetry and mechanical tests 

� Annual Calibration:  
◦ Usually done by QMP, including the absolute 
dose calibration for every beams. 



   Quality Control Program 

� Consistency Check: It is essential that the 
performance of treatment equipment 
remain consistent within accepted 
tolerances throughout its clinical life 

�  Prior to Clinical Use: Ongoing quality 
control program of regular performance 
checks must begin immediately after 
acceptance/commissioning 

� Monitor the Change: If these quality 
control measurements identify departures 
from expected performance, corrective 
actions are required. 



Consistency Output Check   
Versa2 Prior to Clinical Use 



   Quality Control Program 

�  Equipment quality control program should 
specify the following:  
Ø  Expected results 
Ø  Tolerance and action levels 
Ø  Actions required when the tolerance levels are 
exceeded 

� Actions required must be based on a 
systematic analysis of the uncertainties 
involved and on well defined tolerance and 
action levels. 



   Corrective Actions 

Role of Uncertainty:  
Ø When reporting the result, it is obligatory 

that some quantitative indication of the 
quality of the result be given. 

Ø Otherwise whoever receives this QC 
report cannot really asses its reliability. 

Ø Concept of measurement uncertainty has 
been introduced. 

Ø In 1993, ISO has published a “Guide to 
the expression of uncertainty in 
measurement”  



   Corrective Actions 

Role of Tolerance Level:  
Ø Within the tolerance level, the performance of 

an equipment gives acceptable accuracy in 
any situation. 

Ø Tolerance values should be set with the aim of 
achieving the overall uncertainties desired. 

Ø However, if the measurement uncertainty is 
greater than the tolerance level set, then 
random variations in the measurement will 
lead to unnecessary intervention  

Ø Therefore, it is practical to set a tolerance 
level at the measurement uncertainty at the 
95% confidence level 



   Corrective Actions 

Role of Action Level:  
Ø Performance outside the action level is 

considered unacceptable and demands action 
to remedy the situation. 

Ø  It is useful to set action levels higher than 
tolerance levels thus providing flexibility in 
monitoring and adjustment. 

Ø Action levels are often set at approximately 
twice the tolerance level. 

Ø However, some critical parameters may 
require tolerance and action levels to be set 
much closer to each other or even at the 
same value. 





System of Actions 

�  If a measurement result is within the 
tolerance level, no action is required. 

�  If the measurement result exceeds the 
action level, immediate action is necessary 
and the equipment must not be clinically 
used until the problem is corrected 

�  If the measurement falls between tolerance 
and action levels, this may be considered 
as currently acceptable. But, the physicist 
review and repeated measurements are 
required. 



MDACC  
RT-250 Unit 

Control Console  



MDACC  
RT-250 Unit  



New Jig for RT-250 Monthly 







Possible Output Drift? 



MDACC  
Co-A Control 





CoA Monthly Check Summary 



CoA Monthly Output Check 



Co Unit Annual Tests 



Co Unit Annual Tests 



Co Unit Annual Tests 



LINAC Daily Tests (RTT) 

AAPM Task Group 142 



LINAC Monthly Tests (Physics) 

AAPM Task Group 142 



LINAC Monthly Tests (Physics) 

AAPM Task Group 142 



LINAC Monthly Tests (Physics) 

AAPM Task Group 142 



MDACC LINAC QC Form 



Action 
Level 



OBI Monthly Tests (Partial List) 



The Structure of an Equipment QA 
Program 

(3) Additional quality control tests  
ü After significant repair 
ü After major parts replacement 
ü After significant adjustment 
ü After adding new procedures 
ü Indication of a change of performance 





The Structure of an Equipment QA 
Program 

(4) Planned preventive maintenance 
program 

ü To prevent from major problem 
ü Quarterly PM is reasonable 
ü In accordance with the manufacture’s 

recommendations 
ü Regulatory Requirements 



 
 



Summary: The Structure of an 
Equipment QA Program 

(1) Initial specification, acceptance testing 
and commissioning 

(2) Quality control tests 
(3) Additional quality control tests 
(4) Planned preventive maintenance 

program 



Summary: Task Group 142 

�  It is recommended that a departmental 
QA team be formed to support all the QA 
activities and draft necessary policies and 
procedures. The policy should establish 
the roles and responsibilities of involved 
QA personnel. 



Summary: Task Group 142 

�  The first step is to establish institution-
specific baseline and absolute reference 
values for all QA measurements. The 
results should be reviewed regularly to  
◦ Ensure the consistency of machine performance   
◦ Determine any significant trend of dose 
deviations from the base line. 



Summary: Task Group 142 

�  A QMP should lead the QA team. 
�  In general, the daily QA tasks may be carried 

out by a radiation therapist using  a cross-
calibrated dosimetry system. 

�  Monthly QA tasks should be performed by a 
QMP or by individuals directly supervised by a 
QMP. 

�  The annual QA items in the report represent 
the most extensive tests on the machine 
performance. it is recommended that the 
annual measurements be performed by a QMP 
with involvement of other QA team members. 



Summary: Task Group 142 

� An end-to-end system check is 
recommended to ensure the fidelity of 
overall system delivery whenever a new 
or revised procedure is introduced 

� During the annual QA review, absolute 
machine output should be calibrated as 
per the TG51 calibration protocol using  
ionization chamber with a NIST traceable 
calibration 


