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1. Define the term “Process” as it relates to Quality
Control

2. Describe two Statistical Process Control techniques
for evaluating continuous data

= Mean and Range (Xbar/R) Chart
= Individual and Moving Range (I/MR) Chart

3. Describe several examples using these techniques
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“peorie | [Environmen]

Sick Patient -]l Well Patient

Procedure Materials

“Everything required to turn an input into
an output for a patient”
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= Total time from simulation to plan approval
= Magnitude of daily shifts for IGRT patients

= Number of therapist logged on at the time of patient
treatment

= Magnitude of setup deviation from plan values on the
first day of treatment

* Measured dose deviation from plan dose during IMRT
QA by body site or delivery technique

Exceptional variation of inputs and outputs
along the process impact the quality of
care.
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Statistical Process Control (SPC) methodology Is used
to detect exceptional variation in a process using

performance data.
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W. A. Shewhart, Bell Labs, 1924

= Application of probability and statistics to quality control
of mass production

* Introduced the control chart (or process behavior chart)

* Process behavior chart is the primary tool of all of the SPC
techniques
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Sample parameter data
from the process;
determines subgroup size
(n) and calculate the mean
and range values for each
subgroup.

v

Assume process displays -
predictable behavior o

Calculate the control chart
limits for the mean and
range charts

If observed values are

_ If observed values
e . . ompare the observed ..
within the limits the exceed limits
i idered it ay R LRI investigate process for
Process 1s const values with the control chart ga p
stable limits special cause of
deviation
v Take action to
: . eliminate cause of [—
Continue to monitor deviation
process to ensure
minimal variation
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There are two basic evaluation and charting techniques
for continuous data:

= Xbar/R Charts - provides an evaluation of subgroups
(n>1) using the mean (Xbar) and range (R) control
charts.

= X/MR Charts - provides an evaluation of subgroups
(n=1) using the individual value (X) and moving range
(MR) control charts.




\ ™ - - . =
XX} Wake Forest Normal Distribution of trials or samples

School of Medicine

_ 68.3% of values
lie between
95.4% of values

%- 7 lie between \:
L / 99.7% of values \\ :l
lie between \‘
-30 -20 -0 +0 +20 +30
d
Variable >
The normal distribution uses the a ||2?:1(xi —X)?
standard deviation A - —
i

Oakland, JS. Statistical process control. Jordan Hill, Oxford, UK: Butterworth-Heinemann;2008.
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Mean (Xbar) charts use the mean value of a
subgroup (n>1) of individual samples.

This results in a distribution of mean or average
values and has variation that is equal to the
standard error of means (SE)

- S R
B Vn B dsvn

where n = subgroup size
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Principle of mean control chart

Oakland, JS. Statistical process control. Jordan Hill, Oxford, UK: Butterworth-Heinemann;2008.
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Typical formulation of control limits for the Mean Chart

= R
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Range (R) charts use the range value from the
subgroup (n>1) of individual samples.

This results in a distribution of range values that
IS asymmetrical about the mean and positively

skewed.
R, =(1+ 3%)ﬁ=UAL
dy
T
R.=R= ZRt/T
1

where R; = [Xinax — Ximinl @d T= number of subgroups
ds

jﬁ = LAL
d,

R, :(1—3
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School of Medicine Treatment Delivery

«Can sampling a clinical
dose distribution satisfy the
requirements of TG-1427

*If so, automated sampling
and evaluation can help to
more efficiently deploy
physics resources.
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Future Directions

4 Field Box (Mechanical Parameters - TG 142)
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Able, C, Bright, M. Quality control of external beam treatment delivery: mechanical

parameters. Med Phys 2009;36:2428
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2 types of steering colls in each plane: angle and position

Transverse angle & position steering coll
Radial angle and position steering coll
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Xbar-R Chart of Angle Transverse
6 MV Photons
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Alarm 1 = Subgroup > 6SD; Alarm 2 = 9 Subgroups in a row on either side of mean
Alarm 5 = 2 out of 3 Subgroups > 2 SD

SPC evaluation of steering coil currents (SCC) suggest changes
In beam uniformity may have been detected prior to system
Interlock being actuated.

Able CM, Hampton CJ, Baydush AH, Munley MT.: Initial investigation using statistical process control for quality
control of accelerator beam steering. Radiat Oncol. 2011 Dec 28;6(1):180
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Typical formulation of control limits for the Individual Chart

where T= number of subgroups

|, =x-3 MR _ AL

dy"/n

Note that n=2 for calculation of individual and moving range charts
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Typical formulation of control limits for the Moving Range Chart

jMR UAL
2

MR, = MR = ZMRt/(' -1

where MR, = I, — I,,| and T=number of subgroups

MR, :(1—3‘1—3

)W = LAL
2

Note that n=2 for calculation of individual and moving range charts
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Monthly Dose Output - Ion Chamber & MapCheck
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Ion Chamber Monthly Output {(6X)
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CAX QOutput Prior To Patient IMRT QA (6X)
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TasLe XIV. Per-field measurements: Average percentage of points passing the gamma criteria of 3%/3 mm, averaged over the test plans, with associated
confidence limits.

Institution

A B C D E F H
Measurement device Diode array  Diode array EPID Diode array  Diode array Film Diode array
Mean 08.9 03.3 00.4 09.2 08.6 00.6 06.8
Standard deviation(o) 1.5 1.5 0.4 1.3 1.5 0.3 2.5

Local confidence limit (100-mean)+1.960 3.9 (96.1%) 9.5 (90.5%) 1.3 (98.7%) 3.4(96.6%) 43(95.7%) 1.0(99.0%) 8.1 (91.9%)
Number of studies 5 5 5 5 4 4 5
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Histogram of Prostate Norm Dose
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Histogram of Norm Pt Dose: H&N
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Confidence Limit = 11.73 (88.3%)  calculated per TG 119
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TasLe XIV. Per-field measurements: Average percentage of points passing the gamma criteria of 3%/3 mm, averaged over the test plans, with associated
confidence limits.

[nstitution
A B C D E F H
Measurement device Diode array  Diode array EPID Diode array  Diode array Film Diode array
Mean 08.9 033 004 09.2 08.6 00.6 06.8
Standard deviation(o) 1.5 1.5 04 1.3 1.5 03 2.5
Local confidence limit (100-mean)+1.960 3.9 (96.1%) 9.5 (90.5%) 1.3 (98.7%) 3.4 (96.6%) 3(95.7%) 1.0(99.0%) 8.1 (91.9%)
Number of studies 5 5 5 5 4 4 5

HPRHS Results

Mean = 95.9

SD=2.9

Confidence limit = 9.8(90.2%)
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Calibration of MOSFET detector for HDR source
measurements using an ion chamber calibration.
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Experimental Setup
*10 MOSFET detectors imbedded in the phantom
16 accurately delivered treatments used to establish
SPC analysis parameters

Errors introduced
*wrong patient (one patient’s plan on another patient)
*wrong source calibration (3 and 7 day source decay
Inaccuracy
*wrong sequence (2 needles, #6 and #10, switched In
location on turret)
*single needle displaced inferiorly 5+/-1mm
entire implant displaced inferiorly (2+/-1mm and 4+/-
1mm)
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All treatment delivery errors were detected at this location
with exception of 3 day source calibration error.
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Range chart results were consistent with the individual
chart in detecting errors In treatment delivery.
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1. SPCis an accessible methodology for quality
control in radiation oncology.

2. Mean and Range chart evaluation as well as
Individual and Moving Range charts are used for
guality control analysis of continuous data

3. A wide range of applications for these tools exist in
radiation oncology
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