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MEDICAL PHYSICS ERRORS 
IN THE NEWS





DETECTOR ARRAYS



Common Applications

• Beam profile 
measurements

• Patient specific quality 
assurance (QA)

• Arrays offer
– Increased measurement 

efficiency

– Requirement for minimal 
measurement skills



Array Calibration Methods

• Small field

• Wide field
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IC PROFILER

• Ionization chambers

– 0.05 cm3

• 32 x 32 cm2 active area

• Multi-axis

– x-axis

– y-axis

– pd-axis

– nd-axis



WIDE FIELD ARRAY CALIBRATION 
DEPENDENCIES



Wide Field Calibration Reproducibility

Varian Elekta



Calibration Measurement
Positionsα

θ λ
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•

• Three measurements required:
– α (array rotated by 180 from θ position)

– θ (array aligned to radiation beam crosshairs)

– λ (array shifted by one detector from θ position)

• Three calibration postulates:
– Scatter to array does not change

– Dose distribution does not change

– All detectors change sensitivity as a group

Wide Field Array Calibration
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Wide Field Calibration Reproducibility

Varian Elekta



Beam Micro-Variations

Varian Elekta



Effects of Micro-Perturbations in the 
Calibration Beam

• Perturbation 

– Sine shaped

– 0.1% at edges

– Applied to α, θ, or λ

• θ and λ are susceptible: 

(±) 2% error

• α is not susceptible:

(±) 0.07% error



• Clinical significance
– Not when treating with 

such a beam

– Potentially when 
calibrating with such a 
beam

• Solution: 
– Elekta

– Continuous beam on 
during array movement

Improving the Reproducibility of Calibrations 
with an Unstable Beam



Effect of Side Scatter on 
Wide Field Array Calibration

• ss = side-scatter

• Acrylic strip

– 4 cm width

– 4.2 cm height

– Device perimeter



Effect of Side Scatter on …

Measurements Calibration
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Evaluating the Solution

Test of ss Standard vs continuous with ss
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Evaluating the Solution

Elekta standard calibration
Elekta using a continuous beam 

with side scatter



Water Tank Agreement

With ss Without ss



ARRAY CALIBRATIONS AND ADCL’S



Clinical Implications

• Calibration reproducibility dependent on:
– Beam stability

– Array size

• Beam Steering
– Symmetry is important

– Unlikely to impact

• Patient specific QA
– Unlikely to impact with loose QA tolerances 

– Potential to impact as beam modeling improves



Array Calibrations and Standards

• An argument can be made that array calibrations 
are becoming just as important as

and Pelec values
– Arrays are simple and easy to use

– Arrays are used to diagnose and aid in beam problem 
resolution

– Arrays are used to verify treatment planning systems

• There may be a need/market/argument for an 
ADCL provided array calibration (for special 
circumstances)



Thank you for your attention

Questions?

Simon et al., Med. Phys. 37 (7) pp. 3501-3509

“Array calibration dependence on dose distribution stability”




