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Introduction 
 The Radiological Physics Center (RPC), through its on-site dosimetry reviews

at institutions participating in NCI cooperative clinical trials, has accumulated
high-energy photon dosimetry data for over 2350 photon beams. The
measured values for percent depth dose, output factors, in-air off axis factors,
wedge factors and tray factors have been collated for 81 different accelerator
model/energy combinations for which we have 5 or more sets of
measurements. For 56 of these combinations we have measurements on ten or
more machines.  The wedge and tray data come from 1087 Varian, Siemens
and Philips/Elekta accelerators since 1985 and 343 tray transmission
measurements since 1995. The data analyses indicate that for accelerator
models of recent design the dosimetry data for a particular model/energy
combination typically are within ±2%. There is a larger spread in the data for
the older models. A comparison of the RPC measured depth dose data with
published depth dose data is presented with recommendations on which
published data best represent each accelerator model/energy combination. The
RPC “standard data” is defined as the mean value of 5 or more sets of
dosimetry data or agreement with the published depth dose data (within 2%)
for each model/energy combination. The RPC standard data can be used as a
quality assurance tool to assist the Medical Physicist when commissioning an
accelerator or identifying questionable dosimetry data.  

 



Materials and Methods 
Measurements were made on a series of Varian, Siemens and
Elekta/Philips accelerators. The make and models of those listed
here reflect those in current use and most often seen by the RPC. 
 
1. Varian – Clinac 4/80, 4/100, 6/100, 6, 600C, 18, 1800, 20, 

 2100C, 21EX, 2300C, and 2500 
 
2. Siemens – Mevatron 6, 12, 20, 60, 63, 64, 67, 6740, 74, 77, KD 

 series, MD series, MX series, and Primus 
 
3. Elekta/Philips – SL 75-5, 18, 20 and 25 
 
 Nominal energies from 4-25 MV, wedge angles from 15° – 60°,

thin and thick trays 
 



Materials and Methods 
 The RPC tray transmission factor (TF) is defined as: 
 
 
 
The RPC wedge transmission factor (WTF) is defined as: 
 
  
 
At 100 cm SSD/SAD in a water phantom. The WTF’s ionization
readings are averaged over heel-in and heel-out wedge orientations
(if applicable) and centering of ion chamber is assured by
measurements in multiple collimator orientations. 
 
 
*For energies>15 MV, depth is 7 cm and after 1/2000 for all
energies, depth is 10 cm.

( ) ( )
( )cm 5 10, x 10 ionizationopen 

cm 5 10, x 10 ionizationtray   cm*5 10, x 10 =TF

( ) ( )
( )cm 5 10, x 10 ionizationopen 

cm 5 10, x 10 ionization  wedged  cm*5 10, x 10 WTF =
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- OPF DATA -
MACHINE: Clinac 2100, Clinac 2100C, Clinac 2100CD -  6

ENERGY: 6 MV
At Dmax

FIELD_SIZE N MIN MAX MEAN STD_DEV (%)
6 231 0.9418 0.9712 0.9565 0.0049 0.0051

10 237 1 1 1 0 0
15 224 1.012 1.0605 1.032 0.0052 0.0051
20 232 1.017 1.099 1.0533 0.0071 0.0068
30 221 1.031 1.1502 1.0807 0.0097 0.009

IN-AIR OFF-AXIS FACTORS

ENERGY: 6 MV
DISTANCE 100 cm

DISTANCE_OAF N MIN MAX MEAN STD_DEV (%)
0 1 1 1 1 0 0
5 223 1.001 1.049 1.0306 0.0072 0.0069

10 223 1.015 1.082 1.0428 0.0098 0.0094
15 217 1.007 1.117 1.0561 0.0154 0.0146
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Depth Dose Data 

Machine Energy 
Data 
Sets 

Max RPC 
Std. DeV. 

“Best Fit” 
Published Data 

Range of 
RPC/Rec. 

      
Clinac 2100 4 6 1.1% BJR #17, 4 MV4  -1.6% - 1.0%
Clinac 600 4 7 2.2% Biggs2  -0.3% - 0.7%
Clinac 4 4 248 1.6% Peterson & Golden1  0.0% - 0.7%
Clinac 4/100 4 44 1.6% Biggs2  -0.8% - 0.7%
Clinac 4 U/80 4 6 1.2% U Filter report  0.1% - 1.4%
EMI 400 4 6 1.2% ?  
SHM 4 4 18 1.9% BJR #11, 4 MV3  -0.9% - 1.5%
SHM 400 4 7 1.3% BJR #17, 4 MV4  -1.5% - 0.9%
Clinac 1800 6 101 0.8% Barnes5  -0.4% - 0.7%
Clinac 2100 6 237 0.8% Barnes5  -0.6% - 0.6%
Clinac 2100EX 6 14 0.7% Fontenla6  -0.9% - -0.1%
Clinac 2300 6 26 0.8% Barnes5  -0.2% - 0.9%
Clinac 2500 6 24 1.1% Barnes5  -0.3% - 1.0%
Clinac 6 6 63 2.3% Fontenla6  -0.8% - 0.0%
Clinac 6/100 6 192 1.3% Coffey7  -0.6% - 1.3%
   or U. of Pennsylvania  -0.4% - 0.6%
Clinac 600C 6 74 1.0% Fontela6  -1.3% - 0.2%
Clinac 6X 6 16 1.7% Dixon8  -1.0% - 0.6%
Mevatron 6 6 40 2.0% BJR #11, 6 MV3  -1.2% - 0.2%
Mevatron 6700/6740 6 51 1.2% BJR #11, 6 MV3  -0.7% - 0.3%
Primus 6 15 0.7% Al-Ghazi9  -0.3% - -1.6%
   or U. of North Carolina  -1.4% - 0.0%
Mevatron MXE 6 5 0.8% Al-Ghazi9  -1.4% - 0.2%
   or U. of North Carolina  -0.8% - 0.4% 
Mevatron MX 6 5 0.5% Al-Ghazi9  -0.9% - 1.2%
   or U. of North Carolina  -0.6% - 0.7%
Mevatron KD 6 69 0.8% Al-Ghazi9  -0.9% - 0.3%
Mevatron MD 6 46 1.0% Al-Ghazi9  -1.5% - -0.1%
   or U. of North Carolina  -0.9% - 0.4%
Saturn 6 5 1.5% BJR #17, 6 MV4  -0.7% - 1.8%

 



SL18 6 9 0.9% BJR #11, 6 MV3  -0.8% - 0.5%
SL20 6 16 1.5% BJR #11, 6 MV3  -0.3% - 0.7%
   or Palta13  -1.0% - -0.2%
SL25 6 23 1.6% Palta14  -0.6% - 0.2%
SL75 6 18 1.7% BJR #11, 6 MV3  -0.4% - 0.6%
Therac 6 6 26 1.1% BJR #11, 6 MV3  -0.4% - 1.3%
SL75 8 18 1.3% BJR #17, 8 MV4  -0.1% - 1.7%
   better Clatterbridge  -0.5% - 0.3%
Clinac 18 10 126 0.9% Purdy10  -0.3% - 0.0%
Clinac 1800 10 23 0.5% Findley11  -0.5% - 0.7%
   or Mayo Scottsdale  0.0% - 0.4%
Clinac 2100 10 48 0.7% Findley11  -0.7% - 0.3%
   or Mayo Scottsdale  -0.2% - 0.2%
Mevatron 12 10 30 1.1% No published data, but  
 wrong manufacturer Purdy10  -0.3% - 0.5%
Mevatron 74 10 37 0.6% Keller12  -0.7% - 0.7%
Mevatron KD 10 5 0.4% Keller12  0.4% - 1.1%
Mevatron MD 10 20 0.9% Keller12  -0.3% - 0.9%
Clinac 1800 15 17 0.6% BJR #17, 16 MV4  -1.0% - 0.4%
   or U. of Cleveland  -0.5% - 0.9%
Clinac 2100 15 36 0.4% BJR #17, 16 MV4  -0.9% - 0.9%
   or U. of Cleveland  -0.1% - 1.0%
Clinac 2100EX 15 6 0.4 BJR #17, 16 MV4  -1.2% - 0.6%
   or U. of Cleveland  -0.5% - 0.8%
Clinac 20 15 27 1.0% BJR #17, 16 MV4  -1.4% - 0.7%
   or U. of Cleveland  -0.5% - 0.7%
Mevatron 77 15 13 0.7% BJR #17, 16 MV4  -0.2% -  1.4%
Mevatron KD 15 17 0.4% BJR #17, 16 MV4  -0.6% - 1.0%
   or U. of North Carolina  0.1% - 0.9%
Mevatron MD 15 23 0.7% BJR #17, 16 MV4  -1.1% - 0.8%
   or U. of North Carolina  0.0% - 0.3%
Mevatron 20 15 5 0.6% BJR #17, 16 MV4  -0.1% - 1.6%
SL75 16 5 0.5% BJR #17, 16 MV4  -0.9% - 0.6%
SL18 15 5 1.2% BJR #17, 16 MV4  -1.6% - 0.4%
Clinac 1800 18 59 0.4% BJR #17, 21 MV4  -0.4% -  0.8%
Clinac 2100 18 154 0.3% BJR #17, 21 MV4  -0.5% - 0.8%
Clinac 2300 18 6 0.4% BJR #17, 21 MV4  0.1% - 1.5%
Clinac 20 18 22 0.6% BJR #17, 21 MV4  -0.6% - 0.5%

 



Mevatron KD 18 14 1.2% Al-Ghazi9  -1.0% - 0.0% 
Primus 18 10 0.3% BJR #17, 16 MV4  0.2% - 1.1% 
Mevatron 77 18 7 1.2% Palta13  -0.6% - 0.5% 
SL20 18 12 0.8% BJR #17, 21 MV4  -0.9% - 0.4% 
Therac 20 18 28 0.5% ?  
Mevatron KD 20 8 0.6% Palta13  -0.3% - 0.3% 
Clinac 2300 20 8 0.6% BJR #17, 25 MV4  0.1% - 1.6% 
Mevatron KD 23 23 0.4% BJR #17, 16 MV4  -0.5% - 1.1% 
Clinac 2500 24 24 0.3% Banes5  -1.4% - 0.0% 
SL25 25 19 0.6% Palta14  -0.3% - 0.1% 
Therac 25 25 14 0.4% Aldrich15  -0.5% - 0.5% 

 
Italics indicate that the recommended data is not published or is for a different manufacturer. 
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Tray  
Factors 

STANDARD AVERAGE THIN TRAY FACTORS

M a chine Ene rgy Ave  IR Std De v IR Ave  TF std de v N
Clina c 18 10 0.733 0.005 0.970 0.009 6

Clina c 1800 6 0.676 0.006 0.967 0.007 16
10 0.739 0.005 0.975 0.009 3
15 0.760 0.001 0.980 0.007 4
18 0.784 0.002 0.979 0.004 10

Clina c 2100C 6 0.674 0.004 0.966 0.008 60
10 0.736 0.004 0.973 0.007 12
15 0.760 0.002 0.976 0.007 11
18 0.783 0.002 0.978 0.005 36

Clina c 2300C 6 0.674 0.003 0.964 0.008 13
18 0.774 0.004 0.980 0.007 11

Clina c 2500 6 0.678 0.005 0.972 0.003 4
24 0.804 0.002 0.984 0.002 4

Clina c 4 4 0.620 0.015 0.961 0.007 23
Clina c 6/100 6 0.663 0.006 0.969 0.007 18
Clina c 600C 6 0.667 0.005 0.969 0.002 10

M e v 67 se rie s 6 0.674 0.005 0.960 0.013 10
M e v KD 6 0.675 0.003 0.959 0.008 13

15 0.763 0.004 0.970 0.003 4
18-23 0.782 0.003 0.978 0.009 7

M e v M D 6 0.673 0.005 0.955 0.006 11
10 0.746 0.003 0.966 0.003 8
15 0.760 0.003 0.972 0.011 3

Philips units 6 0.681 0.017 0.957 0.016 29
15 0.761 0.006 0.969 0.004 4

18-25 0.785 0.010 0.972 0.007 13
The ra tron 780 Co-60 0.572 0.942 0.019 13



Results 
• The wedge transmission data for the manufacturer’s standard wedges on 

most makes and models of accelerators exhibit a gaussian distribution with 
a standard deviation of ± 2%. 

 
• The distribution of the wedge transmission factor data is often bimodal

exhibiting more than one standard factor for each wedge angle. 
 
• Some of the wedge transmission data for differing makes and models of

accelerators for a specific manufacturer, dependent on energy and wedge
angle, are in good agreement. 

 
• The tray transmission data, is not dependent on make and model of

accelerator, but rather the beam energy. 
 
• There appear to be two types of trays in clinical use today; thin and thick

trays. 
 
• Accelerators of the same Make/Model/energy combination have the same

dosimetric properties in terms of depth dose data and FSD. 
 



 

1. For each combination of energy, and accelerator make and model, a
“standard” percent depth dose, mean output factors, and in-air off axis
factors can be assigned. 

2. For each combination of nominal wedge angle, energy, and accelerator
make and model, a “standard” wedge transmission factor can be
assigned. 

3. Frequently, there is more than one “standard” wedge transmission
factor for a given make and model of accelerator. (The RPC has not
captured data to determine whether the different wedges represent
different sizes, composition or location of wedges). 

4. The same or similar wedges are used on different makes and models of
accelerators by the same manufacturer.  

5. There are two types of blocking trays in clinical use today, thin and thick
trays. 

6. These percent depth dose, mean output factors, in-air off axis factors,
standard wedge and tray transmission values provide a good
redundant check of an institution’s own measured values. 

7. With few exceptions, these data can be used to predict the percent
depth dose, output factors, in-air off axis factors, wedge and tray
transmission factors for most wedges and trays in clinical use  today to
within ± 2%. 

Conclusions 


