
 

 

 

 

 

 

 

 

 

 

Chapter 1:  Introduction to 

DoseLab Pro  

 

 

This chapter will help you: 

Ç Understand DoseLab Proôs main interface  

 

Ç Learn basic image analysis concepts applicable to both dose comparisons and routine 

machine QA in DoseLab Pro. 

 

Ç Learn the basic elements of preparing and evaluating dose comparisons with DoseLab 

Pro 

 

Ç Learn the basic tools for performing machine QA using DoseLab Pro 
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DoseLab Pro Basic Functionality  

DoseLab Pro is a software package that uses image analysis to perform radiation oncology QA. 

Images are useful in radiation oncology QA because they can be analyzed qualitatively by 

viewing them and quantitatively using mathematical routines on the data that composes them. A 

variety of data sets can be analyzed as images in DoseLab Pro. They include radiation dose 

distributions calculated by treatment planning systems, measured dose distributions from arrays 

(diode and ion chamber), gel measurements, radiation-exposed film images, and images captured 

with an EPID. 

 

DoseLab Pro uses numerous built-in image analysis routines that have been developed to 

perform the tests and meet the standards of the medical physics QA community. Tools in 

DoseLab Pro generally fall into one of two basic categories: dose comparisons or routine 

machine QA. Dose comparisons are usually made between images of a patient-specific 

computed treatment plan and the measured delivery of that plan captured by film or a 

measurement array. Routine machine QA is typically performed using single films or EPID 

captured images using repeatable linac setups to meet the standards of American Association of 

Physicists in Medicine Task Group 142 (AAPM TG-142) and other standardized guidance for 

verifying expected machine performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dose Comparison Example Machine QA Example 

Normalization Interface Starshot Interface 
 

Note: In addition to image analysis routines, DoseLab Pro includes tools to save QA results data 

in multiple formats and analyze trends in saved data. 
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Main Interface  

DoseLab Proôs main interface allows you to open its many modules, tools, and utilities with one 

click. The main interface is the first window seen when you open DoseLab Pro. The button menu 

has several categories: 
 

¶ Dose Comparisons ï DoseLab Pro tools for patient-specific treatment QA 

¶ Machine QA ï tools for machine QA, including the versatile single image analysis 

¶ Trend Analysis ï A machine QA database viewer and PQI analytics for dose 

comparisons 

¶ Utilities ï several useful file management and editing tools 

¶ Film Dosimetry ï tools for import and calibration of exposed RGB images 

The interface also includes a menu bar with user preference and help options. 
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DoseLab Pro Basic Concepts  

File Types  

The two most common image formats DoseLab Pro imports are TIFF (*.tif) images from 

film scanners and DICOM (*.dcm) images that are typically captured from EPID or exported 

from treatment planning systems. DoseLab Pro does not import PNG, GIF, and other types of 

images that are used mainly to display pictures and not to store scientific data.  

 

Note: DoseLab Pro also supports the import of generic data files in ASCII and binary 

formats. 

TIF F Images  

A TIFF image is a 2D matrix of values commonly used in science because the data is stored 

uncompressed. TIFF images store data in integers (0, 1, 2, 3, etc.) that go up to 255 (8-bit) or 

65,535 (16-bit). TIFF images consist of either a single channel (i.e., intensity or grayscale) or 

three separate channels of red, green, and blue (RGB). Each of these channels contains 

integer values. 

 

In addition to intensity, TIFF images also store their corresponding dots per inch (DPI) data. 

(See the ñSpatial Calibrationò subtopic in this chapter.) 

 

DoseLab Pro operates only on single-channel TIFF images, because dose is stored by only 

one value. However, DoseLab Pro can convert a standard RGB TIFF image produced by a 

film scanner to an intensity (single-channel) image. 

DICOM Images  

DICOM (Digital Imaging and Communication in Medicine) is a standard for medical 

imaging. It is generally the image format captured by integrated linac EPIDs and exported by 

treatment planning systems. DoseLab Pro has routines to import both the dose and the spatial 

calibration (if available) from all major treatment planning systemsô (TPS) exported files. It 

identifies which import routine to use by the file extension (for example, ñ.dcmò in 

sample.dcm), so it is important to not change the file extension before importing the file. 

Spatial Calibration  

The spatial calibration of an image is used to determine the physical size of each pixel. For 

scanned films, this calibration is usually represented in DPI. Typical QA films are scanned 

near 72 DPI. A film with a DPI of 72 means that one inch is represented by 72 pixels, or each 

pixel has a width of 0.35 mm, while 1 mm/pixel translates to a DPI of 25.4. 

 

Because many TPSs represent spatial calibration by mm/pixel, DoseLab Pro includes a 

resolution converter utility to convert between all common spatial calibration units. 
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Optical Density (OD)  

ὕὈ  ÌÏÇ 
Ὅ

Ὅ
 

 

OD is the ability of a material to absorb light. The darker the material, the higher its OD. OD 

is a unitless measurement equal to the negative log of the transmittance, which is the amount 

of light transmitted through a film (I) divided by the amount of light incident on the film (Io). 

If a section of film is dark enough to block 90% of the photons reaching a scanner, it has an 

OD of 1.0, while 99% blockage results in an OD of 2.0.  

 

Sometimes a Net OD is used instead of OD. Net OD is the total OD of an area minus the 

background OD value (OD of an unexposed area). A film with background OD of 0.3 and a 

total OD of 2.4 would therefore have a Net OD of 2.1.  

Importing Film Scans  

In a single step, DoseLab Pro imports scanned (digitized) RGB film images and applies an 

optional correction for scanner/film non-uniformities and background values. Pixel values for 

the resulting intensity (i.e., grayscale) image are stored in units of OD multiplied by 17,500. 

This is done to best use the available range of 16-bit integers for a * .tif file. For example, a 

scanned film pixel with 99% blockage (or OD of 2.0) would have a value of 35,000 for that 

pixel. Imported images are automatically saved with a *-OD.tif extension.  

 

Note: When using DoseLab Pro, it is important to operate film scanners only in their 

ñlinearò (uncorrected) modes. 

Film Scanners  

Two types of film scanners are commonly used today for dosimetry:  
 

¶ High-end consumer flatbed scanners (with transparency adapters and usually made by 

Epson) 

¶ CCD sheet-fed scanners (usually made by Vidar).  

Both types of scanners provide excellent spatial calibration accuracy, but all scanners have 

errors in optical density output that must be corrected for best performance. Errors in output 

can be due to light scattering caused by film and scanner light sources with different 

brightness levels in some areas compared with others (especially along scanner edges).  

 

We currently recommend the Epson scanners because of their lower cost and ability to have a 

2D correction performed. However, the Epson scannersô performance for films with ODs 

higher than 2.0 is not optimal. This is generally not an issue when using Kodak EDR2 and 

Gafchromic EBT2 films, as these films require very high doses to achieve OD values higher 

than 2.0. Vidar scanners also produce excellent results but at a significantly higher cost. 
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Types of Film  

Both Kodak EDR2 and Gafchromic EBT2 films produce excellent results. Kodak XV2 film 

is not recommended for patient QA due to its overresponse to low-energy photons caused by 

higher amounts of silver halide material. The following table compares each of the 

recommended film types:  
 

Kodak EDR2 Gafchromic EBT2 

About one-third the cost of Gafchromic 

EBT2 film 

Useful for doses up to 700 cGy 

Requires the purchase and use of a film 

processor to develop the film 

Should be scanned or processed at least 

one hour after exposure to allow the bulk 

of the darkening reaction to take 

place (same as EBT2) 

Recommended for clinics with high film 

volume (>300 films/year) 

More expensive than EDR2 film 

Does not require a processor 

Near tissue-equivalent composition 

Useful for doses up to 5,000 cGy 

Noisier than Kodak EDR2 film (~2% noise vs < 

0.2%, for Kodak) 

Should be scanned in the same orientation (due 

to light polarization) and requires a flatbed or 

red-light CCD scanner 

Should be scanned or processed at least one 

hour after exposure to allow the bulk of the 

darkening reaction to take place (same as EDR2) 

Should be used for stereotactic body radiation 

therapy (SBRT) and stereotactic radiosurgery 

(SRS) QA due to its excellent performance for 

high doses (>1,000 cGy) 

Recommended for most clinics 
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Types of Measurement Devices  

This section summarizes the advantages and disadvantages of different types of dosimetry 

measurement devices. 
 

Diode and Ion Chamber Arrays 
 

Advantages Disadvantages 

Provide instant readings  

Have calibrations that are valid for up to 6 

months 

Can be used for routine QA  

Can be used for annual linac QA and QA after 

machine repairs  

Incur no cost per QA test 

Can be used with DoseLab Pro to analyze and 

recomputed previous patient comparisons 

Low spatial resolution (typically less than 

0.7 cm/pixel)  

Require corrections to be applied to account 

for beams entering at oblique angles  

Require high initial investment  

Cannot be used for system commissioning 

due to low spatial resolution  

 

 

Electronic Portal Imaging Devices (EPIDs) 
 

Advantages Disadvantages 

Provide instant readings  

Can be used for routine QA  

Provide good spatial resolution (0.04 cm/pixel) 

when newer EPIDs are used 

Incur no cost per QA test 

Require many complex corrections to be 

applied due to high-Z materials in EPIDs  

Usually require importing full treatment 

plans (MLC patterns and MUs for each 

segment) in order to properly calculate 

correction factors 

Cannot be used for system commissioning 

due to measurement corrections  

Cannot be used for measuring composite 

dose distributions in phantoms  

Involve extra complexity due to 

measurement corrections  

Currently lack software to analyze and 

recompute previous patient comparisons 
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Film 
 

Advantages Disadvantages 

Provide fast film calibrations  

Require low initial cost for EBT2 film, Epson 

scanner, and DoseLab Pro program 

Provide fast workflow from uniformity 

correction to PDF report generation  

Include PQI Analytics, which catalogs and 

reanalyzes results with different criteria  

Provide accurate dosimetry for composite 

distributions and single beams  

Compatible with all phantoms  

Can be used for routine QA and commissioning  

Provide excellent spatial resolution (up to 0.01 

cm/pixel)  

Can be used for annual linac QA and QA after 

machine repairs 

Require periodic film calibration 

Require film processing (except EBT2 film) 

Require each film to be scanned to obtain 

data  

Require film to be purchased for each QA 
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QA Phantoms   

QA phantoms are used to roughly approximate patient geometry using materials that can also 

house measurement devices. A good QA phantom will provide the following: 
 

¶ Adequate buildup for measurements 

¶ Housing for a piece of film and ion chamber 

¶ Ability to mark the physical location of the film (one or more fiducials) 

¶ A Solid Water® or Plastic Water® material (Avoid any materials that have higher-Z 

components.) 

¶ No square edges that would create errors if the phantom were misaligned by a few 

millimeters 

Some phantoms allow multiple films to be measured at once. DoseLab Pro supports: 
 

¶ Phantoms with fiducials 

¶ Fixed-size film phantoms 

¶ Phantoms with no fiducials 

Simple setups can provide excellent results. For example, clinical success has been achieved 

with a 2 cm slab of Plastic Water® drilled for a 0.13 cc ion chamber, sandwiched between 

two 5 cm slabs of Plastic Water®. Coronal measurements of composite dose distributions 

can be performed while obtaining an ion chamber measurement at the same time. The only 

downside of this phantom is the square edges of the slabs (as these can create errors if the 

phantom is misaligned by even a few millimeters). You will also need to place fiducial marks 

manually (easily done by marking 8 cm on either side of the crosshair) to have DoseLab Pro 

calculate the offset from the expected position during dose comparisons. 

 

Some of the routine machine QA procedures do not require phantoms for film. 
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Preparing for Dose  Comparisons  

Dose Comparisons require two images. They are typically a computed treatment plan dose 

distribution (calculated image) and an actual measurement of the designed planôs dose 

distribution using film or a measurement array (measured image). Before dose comparisons can 

be performed, the two images must be reconciled spatially, and the two images must both be in 

known and compatible units of dose. 

Image Resizing   

In order for two images to be compared pixel-by-pixel, they must have the same DPI and be 

the same size. To satisfy this requirement, DoseLab Pro automatically reduces the data size 

of the image with the higher DPI (typically the measurement) to match the DPI of the other 

image. It resizes images using a bilinear algorithm that interpolates data, but does not apply a 

curve-fit (as would be the case for a bicubic resampling commonly performed on pictures). 

 

The measurement image can be cropped to a user-specified region of interest (ROI) or to an 

automated ROI selection based on fiducial or alignment markings. The calculated image is 

also cropped to the same size after the measured image is optionally rotated and aligned. 

Image Positioning  

Three types of image positioning are used by DoseLab Pro: 
 

¶ Rotation: The measured image should be rotated before it is aligned with the calculated 

image. This can be automated in DoseLab Pro or performed manually by clicking on two 

rotation points. These points are placed on the film at the time of exposure with pin pricks 

(Kodak EDR2) or permanent markers (Gafchromic EBT2). Even though most phantoms 

and user-added points are horizontal to each other (expected angle of 0°), you can set the 

expected angle between the two points in DoseLab Proôs preferences.  

¶ Auto alignment: DoseLab Pro performs auto alignment between measured and calculated 

images by a cross-correlation routine that has subpixel accuracy. While manual 

registration can be performed in DoseLab Pro, auto alignment is significantly easier and 

usually more accurate. 

¶ Phantoms with fiducials: You can define the location of a fiducial in DoseLab Proôs 

preferences relative to your desired ROI. DoseLab Pro compares the auto alignment 

position with the expected value and displays the offset. 

Film Calibration  

When films are exposed to known doses, the corresponding OD images are generated 

through DoseLab Proôs film import, and you can create a film calibration curve. This 

calibration curve allows you to convert OD values on other films to dose values. For best 

results, perform a calibration film with every measurement session. 

 

DoseLab Pro allows for a calibration using several films exposed to varying uniform doses or 

fast and easy calibrations by using wedges. Exposing a wedge-calibration film can be done in 

30 seconds (no need to wait for MLC motions to create an exposure pattern). Typically 60° 
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wedges (or the highest available angle) are used for these films to generate the largest spread 

of high and low dose areas on one film. 

 

DoseLab Pro automatically rotates the wedge-exposed film, extracts the OD vs. distance 

profile, matches it to a pre-defined dose vs distance profile for the wedge (which DoseLab 

Pro can automatically create using film measurements), and saves the OD vs. dose values as 

a *-cal.xls (or calibration) file. 
 

 

Main Film Calibration Window (Showing the relationship between file OD values and 

the known dose profile) 

 

Kodak EDR2 and Gafchromic EBT2 films have a fairly linear OD vs. dose response. New 

calibration films mostly correct for the overall dose normalization and have little effect on 

the relative dose distribution for films within the same batch. It is crucial for films to be 

scanned the same amount of time after exposure as the calibration film, because absolute 

dose response varies significantly with the post-exposure time for Gafchromic EBT2 film (up 

to 15% greater OD at two weeks after exposure) and slightly for Kodak EDR2 film (3% 

greater OD at two weeks after exposure). 
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Some clinics choose to run as few as one calibration film per batch of film as long as the 

absolute dose is measured by an ion chamber or calculated with a third-party MU verification 

program. This is a widely published topic and is a decision that is generally made by the 

chief physicist at each institution. 

 

Using the generated *.cal.xls calibration file, DoseLab Pro can convert any scanned OD film 

(* -OD.tif) into units of dose value and save the result as a * -dose.tif file. If you start with a 

RGB film scan and then apply DoseLab Proôs uniformity correction and film calibration, you 

will end up with a * -OD-dose.tif file. 

Dose Conversion  Factor  

The ñdose conversionò is a factor used to reconcile the dose units between the measured and 

calculated images. For example, by default DoseLab Pro saves * -dose.tif images as cGy*10, 

meaning a dose conversion of 0.1 is needed to convert the TIF values back into cGy. Some 

TPS products save dose in Gy, meaning a dose conversion of 100 is needed to convert to 

cGy. You should ask your TPS vendor which format they use for exporting images, or use 

DoseLab Proôs Single Image Analysis tool (Chapter 9) to determine and/or verify the 

expected values in the files transferred from the TPS. 



Chapter 1: Introduction to DoseLab Pro 
DoseLab Pro Manual 

 

MOBIUS MEDICAL SYSTEMS, LP 
Version 6.0 

1-16 

Evaluating Results of  Dose Comparisons  

After two images are prepared for comparison, DoseLab Pro does the following:  
 

¶ Quantitatively compares dose distribution with techniques used by medical physicists to verify 

that the delivered treatment matches the intended prescription 

¶ Extracts and displays line profiles and/or contours interactively 

¶ Computes absolute dose difference images, relative dose difference images, distance-to-

agreement images, gamma index images, and normalized agreement test (NAT) values 

¶ Collects and stores patient information and dose comparison data, generates histogram 

summaries of these data, and exports them to text files, Excel files, and PDF files for 

additional processing 

DoseLab Pro presents the differences between the dose distributions, using several different 

tools. Each tool highlights different aspects of the dose comparison, so multiple tools should be 

used in evaluating the significance of clinical dose differences. 

Reference  (Measured) vs. Evaluated (Calculated) Images  

One image must be considered the standard for computations and used to assess the 

differences between two images. This standard image is the reference image, and the other 

image is the evaluated image. In DoseLab Pro, the measured image is always the reference 

image, and the calculated image is the evaluated image. The distinction between these 

images is made for each of the following: 
 

¶ Local percent difference 

 

¶ Distance to agreement (DTA) 

 

¶ Gamma calculations 

 

¶ Normalized Agreement Test (NAT) calculations 

 

For example, local percent difference is defined as (measured ï calculated)/measured. 

 

In addition to a reference image, a reference dose is specified for all comparisons. This dose 

is typically the prescription dose or maximum dose in the calculated image. The reference 

dose is used in relative percent difference and gamma calculations. For example, the relative 

percent difference is defined as (measured ï calculated)/reference dose. 
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Absolute and Percent Differences  

Absolute differences are computed as (measured ï calculated) dose, meaning positive 

differences indicate that the measured dose is higher (or hotter) than the TPS predicted, while 

negative differences indicate the measured dose is lower (or cooler) than the TPS predicted. 

Positive differences are displayed as red (hot), and negative differences are blue (cold) in 

DoseLab Pro. 

 

Percent differences can be computed as either local percent difference (difference/measured 

dose at that pixel) or relative percent difference (difference/reference dose). Local percent 

differences can be very large in low dose areas, which is why relative percent differences 

were established. A pixel with a measured dose of 2 cGy, calculated dose of 4 cGy, and 

reference dose of 200 cGy has a -100% local percent difference and -1% relative percent 

difference.  

 

Absolute or percent difference images are most useful in regions with low dose gradients.  

Dose Normalization  

You can automatically calculate the overall dose normalization when two images: 
 

¶ Have the same DPI. 

¶ Have the same number of pixels. 

¶ Are aligned with each other. 

 

The total measured distribution is multiplied by the dose normalization. This separates the 

absolute difference of the comparison from the relative differences in the dose distribution. 

 

Calibrated Gafchromic EBT2 or Kodak EDR2 film should have a dose normalization 

between 0.92 and 1.08 for a TPS comparison that is calculated with 5% accuracy. (Extra 

margin must be added for film setup and calibration variation.) If a comparison is not 

normalized, its normalization value is set to 1.0. 
 

 Normalization Window   
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Contour Lines  

Contour line plots are similar to topographic relief maps. Contiguous lines are created to 

connect areas with the same dose level.  

 

Overlaid contour lines are generally not an optimal choice for displaying differences between 

measured and calculated dose distributions, as their oversimplification can be highly 

misleading. While they are useful for documentation purposes, other tools should be used to 

determine the quality of a comparison.  

 

Contour lines, however, can be useful as a quick visual tool to determine if the two images 

are correctly aligned. 
 

 

Overlaid Contour Line Example 
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Profiles  

Profiles are a simple comparison tool used to display the measured and calculated dose along 

a line. They are useful for evaluating areas with high and low dose gradients. For example, 

you can view a gamma or NAT image (described later in this chapter) to identify areas that 

fail the given criteria and then use profiles to determine why those areas do not agree.  
 

 

Overlaid Images Horizontal Profiles 

 

 

Overlaid Images Vertical Profiles 
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Distance to Agreement (DTA)  

The DTA concept was introduced to better evaluate high-gradient portions of dose 

comparisons. DTA is defined as the distance from a pixel in the reference (measurement) 

distribution to the nearest pixel in the evaluated (calculated) distribution with the same dose. 

The DTA for a perfect comparison with an artificial 3 mm shift would be 0-3 mm for all 

pixels.  

 

Absolute differences are very useful for low dose gradient areas (e.g., planning target 

volume, or PTV). However, for high gradient regions a shift of 1 mm can produce up to a 

25% dose difference. 

 

DTA images are not useful on their own, as they do not represent differences in low-gradient 

regions well. 
 

 

DTA Image 
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Dose and DTA Criteria  

Clinics individually set acceptable deviations in percent difference and DTA calculations. 

Typical values are usually 2%/2 mm, 3%/3 mm (very typical), or 5%/3 mm.  

 

Values outside this range are said to ñfail.ò It is not likely that 100% of pixels pass these 

criteria, so clinics also set a standard pass rate (e.g., ñX% of pixels must pass 3%/3 mm with 

a dose normalization between Y and Z to be accepted without further analysis.ò).  

 

AAPM TG119 states that it should be possible to achieve a 90% passing rate for 3%/3 mm 

gamma calculations, but also specifies that this value may need to be adjusted based on each 

clinicôs measurement techniques.  

 

Setting dose, DTA, and percent pass criteria is one of the most important roles a chief 

physicist has in setting up an Intensity Modulated Radiotherapy (IMRT) or Intensity 

Modulated Arc Therapy (IMAT) QA program.  

Gamma Calculations  

Difference images are most useful in low dose gradient areas, and DTA images are most 

useful in high dose gradient areas. To address this issue, the gamma value was created by Dr. 

Dan Low to integrate relative dose differences and DTA with your criteria. Gamma values of 

1.0 or less ñpassò the criteria.  

 

The best way to illustrate gamma calculations is through a simplified example. For the full 

vector definition, please see Dr. Lowôs article listed in the References section at the end of 

this chapter. For this example, we will use 3%/3 mm criteria and a reference dose of 200 

cGy. A pixel of the measured image has a dose of 100 cGy. The same pixel of the calculated 

image is 90 cGy (+5% relative difference, 0 mm DTA), and a calculated pixel 2 mm away 

has a dose of 96 cGy (+2%, 2 mm). The gamma distribution is obtained by adding the 

relative dose difference divided by the dose criterion in quadrature with the DTA divided by 

the DTA criterion. To find the gamma value for one measured pixel, this number must be 

computed for all surrounding calculated pixels. The surrounding pixel with the lowest value 

is set as the gamma value of the reference pixel. The values for our two surrounding pixels 

are shown below. 

 

Ϸ

Ϸ

 

 
 = 1.67 

Ϸ

Ϸ

 

 
 = 0.94 

The gamma value is the lowest value found: 0.94 for these two pixels. The 0.94 value would 

be assigned to the measured pixel, as it is the reference image. The measured pixel would 

ñpassò the gamma evaluation test because it is 1 or less.  

 

DoseLab Pro uses the above algorithm for gamma calculations. You can set the search radius 

(how far in the calculated distribution to search for the lowest value) and resolution (how 



Chapter 1: Introduction to DoseLab Pro 
DoseLab Pro Manual 

 

MOBIUS MEDICAL SYSTEMS, LP 
Version 6.0 

1-22 

much to interpolate the images to look for intermediate pixels that may have lower values) in 

the preferences. In general, gamma calculations are more accurate when using a large search 

radius and high interpolated resolution. 

 

To evaluate results of the gamma test in practice, you should look primarily at (1) the percent 

of pixels that pass the gamma test and (2) a two-dimensional image of values showing which 

areas of the comparison failed and by how much.  
 

 

2D Gamma Values Image 

Normalized Agreement Test (NAT) Calculations  

NAT values and the NAT index were created by Dr. Childress shortly after gamma 

calculations were introduced. NAT values can be shown as a 2D image (like gamma values). 

The NAT index is a single number that represents the overall quality of the comparison 

(similar to the percent of pixels passing gamma). 
 

¶ NAT values are calculated by finding which has the smaller difference: the local percent 

difference relative to the dose criterion or the DTA relative to the DTA criterion. These 

criteria are not combined like they are in gamma calculations. NAT values are multiplied 

by the percent dose (greater of calculated or measured dose divided by the reference dose) 

because local percent difference can be very large for small doses. Since NAT values are 

defined as the number of pixels that exceed a specified criteria, pixels that ñpassò have a 

value of 0 rather than a range from 0 to 1.0 like gamma values.  

¶ The NAT index is the average of all NAT values and is renormalized for the average dose 

in the comparison. A NAT index of 10 means the average pixel exceeded the criteria by 

10%. Small NAT indices indicate a better comparison. A NAT index of 0 indicates all 

pixels passed criteria, which is unusual due to the use of local percent difference.  
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Note: You can choose to set NAT values to 0 for areas outside the PTV that have less 

measured dose than calculated (as this is not clinically relevant). This option is turned off by 

default in DoseLab Proôs preferences. 

 
 

Example of NAT Value Calculation:  

Measured dose = 100 cGy, calculated dose = 94 cGy, reference dose = 200 cGy, DTA for 

the measured pixel = 4.2 mm, acceptance criteria = 5%/3 mm. The local percent difference 

is 6%, or (6-5)/5 = 20% over the dose criterion. The DTA is (4.2-3)/3 = 40% over the DTA 

criterion. The NAT value before normalizing by dose would be 20 (the lowest of the two), 

and the final NAT value would be 20*100/200 = 10.  
 

 

NAT calculations are more sensitive than gamma calculations in low dose areas, due to their 

use of local percent difference. Rescaling local percent difference by dose allows areas to fail 

without overwhelming the comparison with large values. Thus, the NAT index is able to 

account for the magnitude of each pixelôs deviation from your criteria, rather than solely the 

number of pixels that passed.  

 

DoseLab Pro can also display areas that had lower dose difference as red, lower DTA 

differences as blue, and areas that passed as white, because NAT values do not combine dose 

and distance. This image is perhaps the most powerful summary of a dose comparison, but it 

does require experience to interpret.  
 

 

NAT Values Image 
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Resolving Bad Comparisons  

No defined way exists to perform a root cause analysis of IMRT QA failures. Most failures 

are the result of a measurement anomaly.  
 

The first step to resolve an anomaly is generally to repeat the measurement and film 

calibration with extra precaution that the film setup exactly matches the geometry of the TPS 

calculation. If the relative distribution matches well, but the dose normalization value is off, 

the MU selected in the Film Calibration routine may not match the MU delivered to the film. 

 

If a problem still exists, performing individual measurements of each beam (with the film 

perpendicular to the gantry) results in useful information that will allow you to quickly 

determine how many beams are failing and the likely cause of their failure. Single beam 

analysis removes phantom geometry, minor differences in linear accelerator (linac) 

performance at different angles, and the confusion of additive effects from the comparison. 

IMRT/SBRT/IMAT Commissioning Tests  

Proper IMRT/SBRT/IMAT commissioning will result in years of high-quality patient-

specific QA. It is essential to thoroughly test every component of dose calculation to ensure 

patient doses are calculated correctly, so that your physicistsô time will not be spent 

continuously trying to determine causes of poor comparisons. 
 

No defined way exists to commission a new IMRT system, but multiple guidance documents 

state that high-resolution results (such as film measurements) must be obtained in the initial 

phase. 
 

The most common causes of poor IMRT calculations are the following: 
 

¶ Not using film or diode scans to model your MLC penumbra 

¶ Creating field-size dependent beam models with values that do not interpolate well for 

small or rectangular fields (This applies only to Philips Pinnacle
3
 beam models.) 

We recommend that you perform film and ion chamber measurements on at least 5 patient 

plans and 5 test shape plans after the TPS commissioning is validated for conventional 

calculations. You should expose both composite films (e.g., a coronal film in a phantom that 

measures the combined result of all beams) and at least 15 individual fields to check MLC 

penumbra modeling accuracy. Both Kodak EDR2 and Gafchormic EBT2 films can provide 

1%/1 mm accuracy for single-field measurements. 

 

You should perform single-field tests for IMAT commissioning even though you will use a 

different beam delivery method to test MLC penumbra and output factor calculations. The 

commissioning process varies for each site, but following these guidelines will result in 

viewing results for >15 million pixels, which should give you an excellent idea of the quality 

of dose calculations to expect in the future.  
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Dose Comparison  Clinical Criteria  

Clinical criteria can be set only by a qualified medical physicist, and these criteria are different 

for different institutions. Setting criteria is best done by examining previous dose comparisons to 

determine what parameter values correlate to comparisons you would find acceptable. 

 

Clinical criteria can be set for each of the following metrics: 
 

¶ Dose normalization 

¶ Percent of pixels passing (gamma values) 

¶ NAT index 

¶ Offset from expected position 

¶ Van-Dyk criteria (percent of pixels passing dose or DTA criteria) 

DoseLab Pro features Practice Quality Improvement (PQI) Analytics to assist with this process. 

Using PQI Analytics makes it possible to load hundreds of previous comparisons and view data 

for all of these metrics. You can view data for all dose comparisons or separate data by QA 

phantoms, treatment sites, linacs (linear accelerators), treatment techniques, energies, and so 

forth. You can recalculate this data using different criteria in less than 10 seconds per 

comparison. When outliers are identified, you can view the comparison in question in Display 

Mode, so you can correlate values of these metrics with visual results. 

 

After a qualified physicist spends time deciding on clinically acceptable and clinically achievable 

results for his or her institution, the dose and distance criteria can be established. Then 

acceptable ranges can be set for any of the metrics listed above. 
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Routine Machine  QA  

Routine machine QA procedures perform analysis on an image acquired from a specific, 

repeatable setup of the linac. The high spatial resolution of film makes it an excellent choice to 

perform routine linac QA. You can also perform certain tests with high-resolution Electronic 

Portal Imaging Devices (EPIDs), which provide instant readings and integration with record and 

verify systems. 

Flatness and Symmetry  

DoseLab Pro extract horizontal and vertical profiles, calculates flatness and symmetry 

values, computes coincidence between the light and radiation field, measures the field size, 

and compares to base profiles. Images may be obtained with film or EPID. 

 

Converting film to dose is not typically necessary, as the dose calibration would be very 

nearly linear in the exposure range.  

 

 
Flatness and Symmetry interface 
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MLC Strip Test  

MLC strip test images are radiated by multiple thin strips produced by narrow MLC 

openings. The goal is to find MLC positioning errors by determining if any of the strips are 

off-centered. You can also check the slope of each of the strips for consistency. In addition, 

some clinics prefer to expose the middle strip with primary jaws to check for MLC skew 

(based on the relative slopes of the lines) and centering. For positioning tests, very fine 

spatial accuracy and high resolution images are mandatory. MLC tests are typically 

performed with EPID images, although film can also be used. You do not have to convert 

films to dose unless they are also used to determine MLC leakage values. 
 

 
MLC Strip Test interface 
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Winston -Lutz  

Winston-Lutz images show a radiopaque object at the isocenter surrounded by a radiation 

field, usually collimated by the beam delivery device used in the SRS/SBRT treatment (cone 

or MLC). The center of the object is automatically compared to the center of the radiation 

field, and the difference is the radiation field variance at that gantry, collimator, and couch 

angle. If the IGRT system is used to position the radiopaque device, differences could also be 

due to IGRT positioning variance. You can break down the positional difference into x, y, 

and z components using multiple exposures. 

 

DoseLab Pro finds the offset values with an approximate accuracy of one-third of a pixel, but 

does not automatically combine x, y, and z components.  

 

Winston-Lutz images need only spatial accuracy, so dose calibration is not necessary. Newer 

models of EPIDs have high enough resolution to capture Winston-Lutz images, and the 

Winston-Lutz Analysis Tool can analyze them with no user input. 
 

 
Winston-Lutz interface 
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Starshot  

Starshot images are taken to measure the variance of the radiation field isocenter throughout 

the ranges for the gantry, collimator, and couch rotations. Two values are useful from this 

analysis: 
 

¶ The minimum diameter of the optimal circle that encompasses all spokes (radiation 

exposures at different angles) 

 

¶ The offset between a fiducial on the film (usually the isocenter as marked by the room 

lasers) and the center of the optimal circle 

 

DoseLab Pro finds both the center and offset values with an approximate accuracy of one-

third of a pixel by line-fitting multiple points along each spoke. These images need only 

spatial accuracy, so dose calibration is not necessary. 
 

 
Starshot interface 
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Percent Depth Dose (PDD) Films  

You can place a piece of film parallel to the radiation beam and have it tightly surrounded by 

slabs of water-equivalent material. This creates a PDD exposure along the length of the film.  

 

The most difficult part of this process is aligning the front edge of the film with the front 

edge of the phantom (especially for films that have a jacket, like Kodak EDR2). While the 

surface may be a few mm off, this exposure is significantly faster (and nearly as accurate) as 

setting up a water tank. It provides a good alternative to water tanks for tasks such as testing 

PDD after a magnetron or klystron replacement.  

 

To improve accuracy, DoseLab Pro averages the central values of the PDD. Spatial accuracy 

is important, but high spatial resolution is not. Depending on the accuracy desired, it may be 

helpful to convert the film to dose to remove the non-linearities between OD and dose. 
 

 
Depth Dose Film interface 
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VMAT / DMLC  Analysis  

VMAT / DMLC analysis is recommended QA to validate consistent dose delivery under 

varying conditions of dose output rate, gantry speed, and MLC leaf speed. Using the MLC, 

multiple strips are irradiated on an EPID. DoseLab Pro normalizes the strip exposures 

relative to an open field and computes the means and standard deviations of each strip. 

Varianôs tolerance specifies that the mean of each strip should be consistent within +/- 2%. 
 

 
VMAT / DMLC QA interface 
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MV and kV Imaging QA  

MV and kV imaging QA images determine characteristics of the imaging systems integrated 

with the linac. Obtain them by exposing a specialized phantom to the imaging beam and 

capturing the image with an EPID or kV imager. DoseLab Pro comes with common 

phantoms predefined, and allows you to define custom setups for other phantoms. DoseLab 

Pro computes scaling discrepancy, spatial resolution, contrast, uniformity, contrast to noise 

ratio, and positioning offsets.  
 

 
MV and kV Imaging QA interface 
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CT Imaging QA  

CT imaging QA images determine characteristics of the CT/CBCT systems integrated with 

the linac. Obtain them by exposing a specialized phantom to the CT cone beam and capturing 

the image with the integrated EPID. DoseLab Pro comes with common phantoms predefined 

and allows you to define custom setups for other phantoms. DoseLab Pro computes scaling 

discrepancy, spatial resolution, contrast, uniformity, contrast to noise ratio, HU values, and 

slice width.  

 

 
CT and CBCT QA interface 

 


