
Application of statistical process control in 
dosimetry in vivo to establish action levels in the 
routine

INTRODUCTION
In vivo dosimetry is used to ensure the quality of the dose delivery in a radiotherapy treatment. The action level advisable
between measured and predicted dose is up to 10%[1], which is general for any routine. With the theory of statistical
process control, it is possible to analyze the dose measurements for each patient over time, detect variations and monitor
them in order to be corrected and/or investigated when observing that the measure exceeds defined tolerance limits.
Through in vivo measurements of patients submitted to total body irradiation (TBI), analysis were made in patients dose
measurements through the statistical process control (SPC) and established new values of action levels according to the
group of samples as proposed by Sanghangthum et.al [2] and become specific to the department's routine.

MATHERIALS AND METHODS
Percentage deviations between predicted and measured doses were calculated for 40 patients undergoing TBI. Dose
measurements were performed with ISORADTM Sun Nuclear Corporation diodes for the central region (dose prescription
point). Average and Range charts were plotted to observe the process behavior from mean, standard deviation σ
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defined n=1 with 20 sample groups[3] and the quantity d2 adopted4].
The achievement of the action level was established based on the width of the UAL-LAL action limit[3] using the equation

with Cpm=1.33, A=5, target value T = 0 (since the ideal mean value is 0%, that is, the predicted dose equivalent to the
measured dose). The behavior analysis of the measures was carried out observing the control and amplitude chart
concomitantly for each treatment field (Anterior and Posterior).

RESULTS AND DISCUSSIONS
The results of the percentage deviations are shown in Figure 1. The mean of -2% (Figure1-a) shows a probable
systematic deviation in the measurements, showing possible calibration issues. Using the first 20 samples (white
points) for each situation, the control limits UCL = + 2.2%, LCL = -5.9% and action limits UAL, LAL = ± 8.3% for the
Anterior field were found, and UCL = 4.4%, LCL = -2.8% and UAL, LAL = ± 5.2% for the Posterior. Although the mean is
different from 0% (Figure 1-a), the calculated value of UAL, LAL is generated around the reference 0%, as showed in
the chart. On the charts it is possible to notice points that are outside the control limits (yellow points). These points
indicate situations where the process is out of control and, although they are still within the action limits, they should
be investigated. The red point (Figure 1-b) indicates a situation where the measure falls beyond the action limits. In
situations like this, an immediate intervention must be taken, as there is an indication of a possible clinical
consequence for the patient.

The value defined as the action limit must be the highest in the set[3], in this case 8.3%. This value is below the
limit used in the routine (10%), so it refines action level used, that is, discrepancies of ± 8.3% will be stablished
as a reference in TBI treatments.

CONCLUSION
Statistical process control proved to be an important tool
for analyzing percentage deviation values in vivo
measurements, identifying those that fails above the
control levels. It was possible to analyze the set of
measured data, establish control limits and a new action
level (8.3%). The new action level for TBI in vivo
measurements reformulates the department's in vivo
dosimetry protocol, bringing more quality to the entrance
dose measurement process and for the TBI treatment
process itself.
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Figure 1. Control charts of dose percentage deviations from measurements for Central points of the field (a) AP and (b) PA
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