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Sammanfattning 

Bakgrund 
Atlasbaserad, semiautomatisk segmentering skulle kunna användas för att underlätta 

den för onkologen tidskrävande uppgiften med att manuellt segmentera strukturer och 
organ i patienter vid behandlingsplanering inför strålbehandling. Tidigare segmenterade 
atlaspatienter ger med hjälp av deformeringsalgoritmer segmenteringsförslag för 
strukturer i den aktuella patienten. Dessa kan sedan kontrolleras och editeras av 
onkologen med en tidsbesparing gentemot manuell segmentering som följd. En atlas som 
baserats på en enstaka individ (singelatlas) kan dock ha begränsningar när det gäller att 
täcka de anatomiska variationer som finns mellan olika patienter. Därför har metoder med 
fusionering av multipla segmenteringsförslag från en databas bestående av ett antal sedan 
tidigare segmenterade patienter (fusionerad multipelatlas) potential att ge ett bättre 
segmenteringsresultat. 
Syfte 

Huvudsyftet med arbetet var att undersöka de möjliga tidsbesparingar för onkologen 
som kan åstadkommas när editering av atlasbaserad segmentering används vid planering 
inför strålbehandling i huvud- och halsområdet istället för manuell segmentering. 
Material och metoder 

En kommersiell, atlasbaserad segmenteringsprogramvara (VelocityAI från Nucletron 
AB) användes i studien. Genom att låta en erfaren onkolog segmentera ett antal CT-studier 
(11 st) enligt ett vedertaget protokoll skapades en databas av atlaser som sedan, via 
deformerbara registreringar, kunde generera lika många segmenteringsförslag för en 
nytillkommen patient. Den enskilda atlas som ansågs mest representativ valdes till att 
framställa segmenteringsförslaget för metoden med singelatlas. Till metoden med 
fusionerade multipla atlaser användes en lokalt utvecklad MATLAB-algoritm baserad på 
viktade distansmappar. Vikterna representerar sannolikheten för förbättrat 
segmenteringsresultat och baseras på tidigare resultat1 där sannolikheterna bestämts 
utifrån en beräkning av likheterna mellan bilderna i ett visst område från den specifika 
segmenteringen. 

Tio patienter har inkluderats i studien. Varje patient segmenterades tre gånger, (a) 
manuellt, (b) med singelatlas och (c) med fusionerade multipla atlaser. För metoderna (b) 
och (c) editerades sedan segmenteringsförslagen av onkologen utan att denne fick använda 
resultatet från metod (a) som referens. För fallet med fusionerade multipla atlaser, (c), 
användes databasen med 11 atlaser. Tiden onkologen behövde för segmentering respektive 
editering av segmenteringsförslaget uppmättes i varje enskilt fall för jämförelse. 
Onkologen fick även göra en bedömning av hur hjälpsamt segmenteringsförslaget var i 
samband med editeringen. För utvärdering av resultaten användes Dice’s 
similaritetskoefficient, Hausdorff’s distansmått samt strukturernas volym. 
Resultat 

Resultaten visar på att en tidsbesparing i storleksordningen 40 % är rimlig när 
onkologen editerar förslag från fusioneringen av multipla atlassegmenteringar i jämförelse 
med manuell segmentering. Vid användning av singelatlas är motsvarande siffra 21 %. 
Slutsatser 

Användandet av atlasbaserad segmentering kan reducera tidsåtgången för 
segmentering av patienter inför strålbehandling i huvud-halsområdet.  

                                                   
1 C. Sjöberg and A. Ahnesjö, Evaluation of atlas-based segmentation using probabilistic weighted distance 
maps, Manuscript, Uppsala University, 2011 



 
 
 
 
 

     



 
 
 
 
 

     

Abstract 

Background 
Semi-automated segmentation using deformable registration of atlases consisting of 

pre-segmented patient images can facilitate the tedious task of delineating structures and 
organs in patients subjected to radiotherapy planning. However, a generic atlas based on a 
single patient may not function well enough due to the anatomical variation between 
patients. Fusion of segmentation proposals from multiple atlases has the potential to 
provide a better segmentation due to a more complete representation of the anatomical 
variation. 
 
Purpose 

The main goal of the study was to investigate potential operator timesaving from 
editing of atlas-based segmentation compared to manual segmentation for head & neck 
cancer. 
 
Materials and Methods 

A commercial atlas-based segmentation software (VelocityAI from Nucletron AB) was 
used together with several expert generated and protocol-based atlases of delineated CT 
images to create multiple atlas segmentations through deformable registration. The atlas 
that was considered most universal was selected to construct single atlas segmentation 
proposals. For fusion of the multiple atlas segmentations an in-house developed algorithm, 
including information of local registration success was used in a MATLAB-environment1. 
The algorithm uses weighted distance map calculations where weights represent 
probabilities of improving the segmentation results. Based on previous results1 the 
probabilities were estimated using the cross correlation image similarity measure 
evaluated over a region within a certain distance from the segmentation. 

Ten patients were incorporated in the study. Each patient was delineated three times, 
(a) manually by the radiation oncologist, (b) with a single atlas segmentation and (c) with a 
fusion of multiple atlas segmentations. For the methods (b) and (c) the radiation 
oncologist corrected the proposed segmentations blindly without using the result from 
method (a) as reference. For case (c) a total number of 11 atlas segmentations were used. 
The time spent for segmenting or editing the segmentation proposals by the radiation 
oncologist was recorded separately for each method and each individual ROI. In addition a 
grading was used to score how helpful the candidate segmentation proposals were for the 
structure delineations. The Dice Similarity Coefficient, the Hausdorff distance and the 
volume were used to evaluate the similarity between the delineated structures. 
 
Results 

The results show a time reduction in the order of 40% when the radiation oncologist 
only has to correct the multiple atlas-based segmentation proposal compared to manual 
segmentation. When using single atlas the corresponding figure is 21%. 
 
Conclusions 

Using atlas-based segmentation can reduce the time needed for delineation in the head 
and neck area of patients admitted for radiotherapy.  

                                                   
1 C. Sjöberg and A. Ahnesjö, Evaluation of atlas-based segmentation using probabilistic weighted distance 
maps, Manuscript, Uppsala University, 2011 



 
 
 
 
 

     

List of Abbreviations and definitions 

EA - Edited single Atlas, Edited automatic segmentation 

AFA - Atlas Fusion Algorithm 

CT - Computed Tomography, (sometimes also used as a term for the images 
from this modality) 

CTV - Clinical Target Volume, the GTV plus a margin surrounding the mass for 
uncertainties in its spread. This means that the CTV can also include 
some surrounding tissues e.g. lymph node regions 

DSC - Dice Similarity Coefficient 

EFA - Edited Fused Atlas, Edited MATLAB-merged automatic segmentation 

FA - Fused Atlas, MATLAB-merged automatic segmentation 

GTV - Gross Tumour Volume, the cancerous tissue 

HU - Hounsfield-Units, a quantitative scale for describing the radio density 

LINAC - LINear particle ACcelerator, the equipment for producing photons and 
electrons for radiation therapy 

MU - Monitor Units, unit for measuring the amount of radiation to the patient 
by the LINAC 

OAR - Organs At Risk, tissues surrounding the target which should be avoided 

PTV - Planning Target Volume, the CTV plus a setup margin for the patient in 
the treatment position and organ motion 

ROI, VOI - Region Of Interest, Volume Of Interest 

RS - Registration Software, in this project VelocityAI 

TPS - Treatment Planning System, in this project Oncentra MasterPlan 

 



 
 
 
 
 

     

 

List of medical, physical and technical terms 

Atlas - An atlas is an anatomical map of structures in the body 

Deformable 
transformation 

- A transformation that besides a similarity transformation also 
includes deformation of the object 

MATLAB - Mathematical, computational software from MathWorks 

Registration - The process of finding the specific transformation that applied to an 
atlas results in an image set as similar to the patient image set as 
possible 

Segmentation/ 
Delineation 

- The process of creating the structure set for a patient by creating a 
ROI/VOI enclosing each of the different structures.  

Similarity 
transformation 

- A transformation that includes translation, rotation and scaling 

Structure - An organ or tissue type in the body separated from the surrounding 
tissue, e.g. the brain, the spinal cord, the heart or a bundle of 
nerves. 

VelocityAI - Software supplied by Nucletron AB made for atlas registration 
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1. Introduction 

1.1 Background 
Cancer is a widespread disease and in 2007 over 50 000 new cases were diagnosed in 

Sweden and about one third of the population will have cancer during their life span [1]. 
There are many known forms of cancer, and cancer can occur in any region of the body and 
at any age.  

Despite the fact that cancer is a malignant disease there is nowadays a relatively good 
chance of survival. The relative survival rate is steadily growing and has been doing so for 
the last 40 years. Since more and more cancer patients survive for a longer time after their 
treatment, striving for more effective and less harmful treatments is important. 

When treating cancer with external beam radiation therapy, the process begins with 
fixation of the patient in a position that can be maintained throughout the entire 
treatment. This is because the treatment is usually fractionated and spread out over several 
days or weeks. The next step is to make a CT-study generating a three dimensional image 
of the part of the body that is going to be treated. The treatment planning begins with the 
radiation oncologist examining the CT-study of the patient. Usually other diagnostic 
studies and imaging modalities, such as MRI or PET, are used to identify the extent of 
tumour growth. Using the tools of the treatment planning system (TPS) different volumes 
are delineated (segmented). These volumes include the gross tumour volume (GTV), the 
clinical target volume (CTV), planning target volume (PTV) and organs at risk (OAR). [2, 
3] The radiation oncologist prescribes the dose and dose coverage to be given to the target 
volumes and the maximum tolerable dose to the OARs. 

The dosimetrist then creates a treatment plan that defines all the parameters needed to 
deliver the plan on a treatment unit, usually a linear accelerator. The plan consists of a 
number of beams, usually between one and five, which deliver the desired dose to the 
target volumes while keeping the dose to the OARs lower then the prescribed tolerance 
doses. The beam parameters include beam quality (photons or electrons), energy, direction 
(gantry angle), field size and shape, dose, monitor units (MU) etc. For conventional 
treatment plans the optimization needed to meet the requirements of the dose prescription 
is done manually. For more complex, intensity modulated treatment plans the manual 
optimization is no longer feasible and computer-based optimization algorithms need to be 
employed.  

A successful treatment does not only aim at curing the cancer, but also to minimize 
side effects in healthy tissues. For example, an excess dose to the parotids can lead to 
xerostomia, which can cause difficulties in speech and eating. The lack of saliva can also 
give dental problems since the patient will loose the protective effect from the saliva [4]. 
This is just one example of side effects that can arise for head and neck patients. Another, 
and more severe side effect caused by an excessive dose to the spinal cord is myelitis. [5] 

Because of the growing number of diagnosed cases of cancer every year, the number of 
patients that needs treatment is also growing. To cope with this the clinics need to increase 
their treatment capacity. One way to achieve this would be to shorten the time needed to 
prepare each patient for radiotherapy. Also the increasing precision and accuracy of the 
treatment delivery systems and the diagnostic tools calls for a higher accuracy in defining 
targets and OARs to be able to deliver highly optimised treatments. This means that the 
pressure on the staff and the treatment facilities is higher for every year. Improving the 
techniques for delineating target volumes and OARs in patients is and will be an important 
part of the development to limit these increasing workloads. 
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In 2010 a total number of 1268 patients where treated (palliative treatments included) 
at the radiation therapy department at Uppsala University Hospital and 30 of these had 
cancer in the head- & neck-region. Even a limited timesaving in segmentation per patient 
will add up to a significant amount of time for the radiation oncologist. 

Presently the radiation oncologist does the segmentation of every patient manually 
with a number of tools available in the TPS. The tools used are cursor-based and relatively 
simple to use. The oncologist draws a region of interest (ROI) that envelops the organ or 
structure of interest for each, or every other, image slice in the CT-study, which obviously 
is very time-consuming. The TPS interpolates the contours between the slices and creates a 
volume of interest (VOI). The radiation oncologist uses the contours in the transversal CT-
slices and 3D-representations as tools to see the shape of the VOIs. The possibility to use 
the frontal or sagittal projections for drawing is rarely used. The oncologists also use other 
sources of information to guide them in the delineation-process, such as PET and MRI-
studies, medical records etc. 

An atlas-based segmentation tool would be another guide for the oncologist in the 
process. This is a tool that could be applied before the oncologist starts the segmentation to 
provide a segmentation proposal. Atlas-based segmentation can be viewed as using 
previously segmented patients as a guide. The pre-segmented patient image is deformed to 
mimic the new patient’s anatomy as closely as possible and then the segmentation is 
copied onto the new patient. In this way the oncologist will get a segmentation proposal, 
where the accuracy is dependent on the quality of the registration process and the 
precision of pre-segmented patients. The proposal is then edited and modified until the 
VOI meets the requirements of the oncologist. The time spent for editing a VOI is expected 
to be shorter than the time required for traditional, manual segmentation. 

With the aid of atlas-based segmentation software the radiation oncologist time spent 
on segmentation could be reduced with maintained or improved accuracy, and hence 
increased effectiveness and quality. 
 

1.2 Purpose 
The purpose of this project was to investigate the time that can be gained from using a 

semi-automated atlas-based segmentation tool with deformable registration for structure 
segmentation on head and neck patients coming for radiotherapy at the Uppsala Oncology 
clinic. The reduction in time that can be achieved with atlas-based segmentation has been 
evaluated in relation to traditional (manual) segmentation.  

A further step was to test a research tool developed for fusion of multiple atlases, and 
measure any further reduction in segmentation time. The results of the different 
segmentation methods have also been used to study the consistency and variation between 
the methods used. The work was done in close collaboration with clinical and research 
staff. 

This project was carried out in parallel with a similar project for prostate cancer 
patients. The principles, approaches and aims of the two projects are basically the same, 
while the results will depend on the characteristic anatomical differences between the two 
regions. 
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2. Materials and methods 

2.1 Detailed description of workflow 
First the radiation oncologist did a manual delineation for each new patient in this 

study using the tools built into the TPS. The time used for this process was recorded to get 
a reference for relating the time scored for the editing of the atlas-based segmentation 
proposals. The time the oncologist spent studying patient records, CT-, PET- and/or MRI-
studies for reference were not included in the time-study. The manually delineated 
volumes were also used as the reference for assessing the spatial differences in the 
unedited and edited segmentation-proposals resulting from the atlas processes. To make 
sure that the consistency and validity of the project is kept at a high level, one and the 
same experienced radiation oncologist performed all segmentations, both manual and 
edited. 

After the manual delineation (method a) the patient’s CT-study was exported from the 
TPS without the manually delineated structures and imported to VelocityAI, the software 
used for the registration. The patient was fitted against a pre-determined atlas-patient of 
the same sex and the software was used to calculate a single atlas segmentation-proposal 
(method b). 

The patient’s CT-study then underwent the same procedure with the other 10 atlases 
from the database, which resulted in a total number of 11 segmentations. These 11, slightly 
different, segmentations were then imported to MATLAB and through a series of scripts a 
weighted fusion of them was exported as a fused multiple atlas segmentation-proposal 
(method c). 

 To measure the effectiveness of the methods b and c, the radiation oncologist was 
asked to correct the segmentation-proposals to the same standard as for manual 
delineation, without using the previously made manual segmentation as reference. Since 
both editing’s and the manual segmentation were timed, the three methods could be 
compared regarding the operator-time needed. 

To reflect a realistic handling of the patients it was important that at least a week was 
allowed between two sessions of the same patient, both between the manual and the first 
editing and between the two editing sessions. This gave the physician time to work with 
other patients and not have the study patient in fresh memory. It was also important not to 
let the physician know which one of the proposals (b or c) that was coming, in order to 
minimise the possible influence from prejudices this might have. The order in which the 
proposals were presented to the physician was therefore randomised. 

Apart from recording the time needed to achieve an acceptable delineation, this study 
also provides a measure of the operator’s ability to spatially reproduce the same structures. 
Therefore a number of methods were used to compare the three structure-sets (a), (b) and 
(c) delineated for the same patient. The Dice similarity coefficient (DSC) was used to 
calculate the similarity between structures in different segmentations. This voxel-by-voxel 
approach, which is described in detail in section 2.7.4, can give information on the 
efficiency of the software and has been proven useful in comparison-of-agreement for 
image registration [6]. The Hausdorff distance, described in section 2.7.5, is another 
evaluation method that is possible to use for spatial comparison between different 
segmentations and was used as a complement to DSC. 

The total volume of the different structures was also recorded since previous studies 
have shown that human operators tend to have clearly larger ROIs than those achieved 
with automatic methods [7]. 
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2.2 Patients 
To get significant results the study incorporated 10 patients with diagnosed cancer in 

the head and neck region. Two of the ten patients were female and eight were men. The 
average age of the patients was 58.6 years with a total spread from 37 to 75.  
 

2.2.1 Structures 
For each of the 10 patients the radiation oncologist delineated a total of 10 structures, 

as listed below, se also Figure 1. 
  

• The lymph node region is located on both sides of the neck and is the largest 
structure in the study. The lymph node region is usually divided into sub-structures 
for which different parts can constitute the clinical target volume (CTV) depending 
on the assumed paths for the cancer to spread via the lymphatic system. If a part of 
the lymph node region were wrongly assessed as healthy and therefore missed in 
the therapy the risk of regrowth of the cancer would be greatly increased. 
 

• The larynx is situated right where the pharynx splits up into the trachea (part of the 
breathing apparatus) and the esophagus (the muscular tube that transports food 
from the pharynx to the stomach) and houses the vocal folds. The larynx is involved 
in both breathing and sound production as well as protecting against food 
aspiration. Larynx side effects after radiotherapy are swallowing problems, necrosis 
of the cartilage and hoarseness. 

 
• The mandible is the bone that makes up the lower jaw. Seen from the side it is 

slightly L-shaped and reaches from right in front of the ear and to the tip of the 
chin. The most common side effect to the mandible is radiation necrosis or fracture 
of the bone. 

 
• The esophagus entrance is the first part of the esophagus. Dysphagia (swallowing 

problems) is the most common side effect coming from the esophagus entrance. 
 

• The spinal cord is the large bundle of nerves through the spinal column and has a 
primary function of transmitting neural signals between the brain and the rest of 
the body. Excessive dose to the spinal cord can lead to paralysation or even death.  

 
• The soft palate is the inner, upper part of the roof of the mouth and has the function 

of closing the airway to the nasal cavity during swallowing, sneezing and is also 
involved in making sounds more or less nasal. Side effects include necrosis, atrophy 
and mucositis, an inflammation of the mucous membranes. 

 
• The parotid glands are the largest of the salivary glands. They are located on both 

the left and the right side of the head next to the vertical part of the mandible. An 
excess of radiation to these glands can cause xerostomia because of its major 
contribution to saliva during stimulated secretion. 
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• The submandibular glands are the second larges salivary glands and are located 
beneath the floor of the mouth. They account for a majority of the salivary 
production when at rest. As for the parotid glands a side effect can be lack of saliva, 
which can cause digestive problems and tooth decay. 

 
An OAR that is always present but usually not segmented is the skin. The skin is the 

largest of the human organs and is always of concern in external radiation therapy. Side 
effects are not uncommon when receiving external radiation therapy to the head and neck 
and are often visible as a redness of the skin, like sunburn. Blood vessels are also at risk for 
side effects, like stenosis (narrowing of the vessel). Other normal tissues that are not 
specifically delineated are sometimes referred to as “the rest volume”.  
 

 
Figure 1. The eight structures (ten if paired structures are counted) that have been studied in this project 
are shown as they are delineated by the oncologist (the base of the skull and the spinal column has been 
added by the author). The structures are: 1. Lymph node regions (level 1-5). 2. Mandible. 3. Spinal cord. 4. 
Soft palate. 5. Left and right parotid glands (segmented as separate structures). 6. Left and right 
submandibular glands (segmented as separate structures). 7. Larynx. 8. Esophagus entrance. 
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2.3 The Atlases 
An atlas can be defined as a carefully pre-segmented, representative set of images of 

some part of the body, or the whole body. The image-set can be from any of the imaging 
modalities such as CT-, PET- or MR-images. The atlas images can be registered (deformed) 
to fit the patients’ anatomy and the structures in the atlas can then be deformed 
accordingly and copied to the patient to get a segmentation proposal of the patient. In this 
study each atlas is composed of a CT-study and a segmentation of the head and neck area 
containing the ten different structures as listed in Table 1. This table also lists the 11 atlases 
that makes up the atlas-database available to this project. 

A single atlas, as defined in this report, is an atlas based on one segmentation in a 
single image-set. This atlas can be the only atlas available or it can be part of a database of 
atlases. 

A fused atlas, as defined in this report, is the segmentation resulting from fusing a 
number of individual atlas proposals that are registered to the patient. The fusion process 
is described in section 2.5. 

A key element in this project was the method for selecting and using the atlases. An 
atlas can be chosen in a number of different ways [4, 8]: 
 

• A single atlas is used for all patients regardless of the similarity between atlas and 
patient. This means no initial calculation of similarity is needed before registration. 

• A single atlas, out of an atlas database, with most similarities with the patient is 
selected. Before registration a similarity calculation between the patient and all 
available atlases is done to select the one most similar atlas to the patient. 

• A fusion of all atlases in a database to form an average atlas is used on all the 
patients. The fusion takes place before the registration and is not preceded by any 
similarity calculations. 

• A number of atlases, from a database, with the highest similarities with the patient 
is selected and then weighted together to become one usable atlas for that individual 
patient. First similarity calculations for all atlases in the database are performed. 
The atlases with the highest similarity with the patient are selected and fused 
together with a weight assigned to each atlas. The atlas with highest similarity gets 
the highest weight. After the fusion the registration between the patient and the 
fused atlas is performed. 

• All available atlases are registered to the patient and after this the resampled atlases 
are fused together for a final segmentation proposal [9]. 

 
In this project the last of these methods was used. The atlas database originally 

consisted of eleven patients. These had been segmented in accordance to a generally 
adapted guideline for head and neck tumours [10]. In the progress of segmenting these 
eleven patients the radiation oncologist also made an assessment of how representative 
each structure of every patient was in terms of location, size and shape of the structures 
resulting in a decision to exclude three of the fourteen patients. 

Also a single atlas was chosen for each sex, as the anatomical differences in the head 
and neck region between male and female patients were expected to be significant. 
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Table 1: A list of segmented structures in each of the atlases is shown. Green cells (1) indicate that the 
structure is representative, a yellow cell (2) means the physician made a educated guess about the extent of 
the structure and a red cell (3) denotes a structure that is not representative. An empty cell (also red) means 
that the structure is not segmented at all, for different reasons such as poor resolution in the image or 
difficulty to distinguish the structure from the surrounding tissue. The generic atlas for each sex is named M1 
and F1 respectively and the other atlases were just named with the numbers 1 through 9.  

 

 
There was only one female atlas that was completely segmented and all structures were 

graded as representative. This atlas was therefore chosen as the female single atlas. The 
choice of a male single atlas was harder as there was no atlas as complete as its female 
counterpart.  The possible candidates were M1, 4, 6 and 9. In atlas 9 the level 4 of the 
lymph node regions could not be segmented and was therefore excluded because of the 
importance of this particular structure. The larynx was rated as more important than the 
soft palate since the soft palate not even is included in the segmentation in all cases. In the 
end M1 was chosen since the soft palate in atlas 4 was very hard to distinguish from 
surrounding tissues. 

 

2.4 Registration in VelocityAI 
In order to transfer the structures of the atlas-CT to the patient-CT, the atlas-CT is 

registered to the patient-CT. This image registration is a geometrical transformation in all 
three dimensions of the atlas volume to make it as similar as possible to the patient 
volume. The algorithm in the registration software (RS) uses the relative image-intensity to 
find the best transformation of the atlas volume, and in this project with only CT-images 
this would correspond to the grey shades in the image, i.e. the Hounsfield units (section 
2.5). A strong feature of the B-spline model (used in VelocityAI) over other methods, e.g. 
Demon-registration, is the ability to register images from different modalities.  This 
registration results in a grid of vectors transforming each voxel in the atlas-CT to fit the 
patient-CT. This vector field is then applied to the structures in the atlas and transforms 
the segmented structures to match the patient anatomy. 
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Figure 2. An example of a sagittal view in the initial editing process from VelocityAI. To the left only the 
patient CT is visible, to the right only the atlas CT and in the middle they are both overlapped in the same 
frame. The initial difference in shape and size is clearly visible, e.g. the different positioning of the mandible. 

An initial manual positioning is required to give the software a starting point for the 
iteration process. In this project the atlas-, axis-vertebrae  (C1 and C2) and the base of the 
skull have been matched as closely as possible between the two image sets (Figure 2). This 
is done by both translating and rotating the atlas-image set to match the patient-image set 
as good as possible. 

A minor check was done to estimate the effect from this initial manual positioning on 
the final result. The same patient was delineated with the same atlas (the chosen single 
atlas) five times with different initial positioning. The resulting segmentation was then 
compared with the result from the single atlas proposition presented to the radiation 
oncologist and the differences were found to be small (DSC between the single atlas and 
the test registrations were all above 0.7) [7]. The small impact from the initial positioning 
will make it easier to implement a fully automated workflow, completely without human 
intervention, without compromising the results. 

A second input to facilitate the registration is to define a computational region of 
interest around the segmentations in the atlas. This is done graphically in the images by 
setting a box-shaped margin around the desired volume. In the registration process the 
software then focuses on the volume inside the margin and tries to adapt it to the patient-
CT.  

The next step is a similarity transform that besides rotation and translation also can 
change the size of the image to better fit the patient-CT. This is an iterative process that in 
multiple steps enhances the registration until the required criteria are met.  

The final step in the process is the deformable multi-pass registration. As the name 
suggests it is in this step the atlas is deformed to fit the patient CT. VelocityAI uses B-
spline (Base-spline) for the deformable registration [11].  
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Figure 3. The figure shows the same patient and atlas as Figure 2 but here after the registration process is 
complete. The line-up is the same, to the left only the patient CT, to the right only the atlas CT and in the 
middle both in the same frame. Notice that there are still differences, e.g. the curvature of the tissue of the 
shoulder (in the image below the spine), but minor in comparison to the differences before registration. For 
example the tilt of the mandible is now transformed to fit the patient CT. The small differences in between 
the patient CT between Figure 3 and 2 is due to a difference in slice selection between the two images. The 
patient CT does not change during the registration process. 

 

2.5 Fusion of multiple atlas segmentations in MATLAB 
The fusion was done with an in-house developed MATLAB-algorithm (here called AFA 

- Atlas Fusion Algorithm) written specifically for fusion of segmentations in the pelvis 
region, particularly the prostate [9]. The algorithm has here been modified to be usable for 
segmentation in the head and neck area. 

AFA uses similarity measures to quantify the similarity between two CT studies. Bones 
(that is a very dense tissue and therefore absorbs many of the photons) are white on a CT-
study, while air is dark. This is represented by the Hounsfield-scale. Air has the 
Hounsfield-value of -1000; water means a HU of 0 and bone (depending on it’s density) 
somewhere between 400 and 3000 [12]. 

When performing the registrations of the atlases in the RS the CTs are reshaped 
dependent on the deformation field that is calculated by the program. This deformed CT-
study of each of the atlases can be exported from the software and saved along with the 
deformed segmentations belonging to that specific atlas. Each of these deformed atlas-
image sets was therefore possible to compare with the patients original CT and a similarity 
measurement between the two images could be calculated. The similarity was calculated as 
cross correlation, cc (Equation 1) [13] 
 

cc =
(xi ! x )(yi ! y )( )

i
"

(xi ! x )
2

i
" (yi ! y )

2

i
"

 (1) 

 
where x and y are two compared images, xi and yi are a sub-elements (pixels) of x and y 

and x and y  are the mean values of all elements in x and y. cc gives a single similarity value 
between the two images, and in AFA this is calculated for all 11 atlases against the actual 
patient-CT. The cc was calculated in a box-shaped region around each structure. This 
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means that all pixels outside this region enveloping the structure will be ignored in the 
calculation of the cross correlation. This way of calculating similarities increases the 
accuracy of the software. 

With these cross correlation coefficients as a basis, weighting-factors for the different 
atlases are calculated. These calculations are done to create weights with a non-linear 
relationship with the similarity measurements. This non-linear relationship could be 
different from structure to structure when the AFA is developed further to be more 
accurate [9].  

When the weighting factors are calculated for all tissues in all images the fusion of the 
ROIs is done by adding up the atlas segmentations multiplied by their individual weight 
factor. The new completed fused segmentation is then exported from MATLAB in a 
standard DICOM-format that is readable to both the TPS and the RS. 

 

2.6 Inter-observer variability 
For 5 of the patients involved in the study the original segmentation, the one used for 

the actual radiation therapy, was done by another radiation oncologist than the one 
involved in this project. This provided a large enough sample to do a small study of the 
inter-observer variability between the two radiation oncologists. This evaluation was a way 
to connect the study to the actual clinical work it would be used for if implemented in the 
clinic. It is important that the accuracy doesn’t suffer from any time gained. This means 
that the edited atlas (single or fused) must give as good results (or better) as the manual 
segmentation when compared to the original segmentation. 

To evaluate this difference the DSC and the Hausdorff distances were calculated for all 
5 patients between the original segmentation and the manual segmentation, the edited 
single atlas and the edited fused atlas.  

In this inter-observer study the number of structures had to be limited to what was 
segmented in the original delineation and therefore some structures are missing in some 
cases. Also the lymph node regions and the spinal cord were excluded. The lymph node 
regions in some patients were only segmented on one side and on others very few levels 
were segmented. The spinal cord was in some cases only segmented for a length of a few 
vertebrae and for others along the whole upper body and could therefore also give 
misleading results. 

It is also important to notice that this small study with only 5 patients can only be seen 
as an indication of the possibilities of atlas-based segmentations. No information about the 
intention behind the delineation is known and it is uncertain if the structures are 
segmented with the same protocol in mind. 



 
 
 
 
 

Atlas-based segmentation 
M. Lundmark 2011 

11 

2.7 Evaluation of results 
The evaluation of the results was done with a number of methods. The first and most 

important was the time study of the radiation oncologist’s manual segmentation compared 
to the editing of the auto-segmented patients in order to find out if and how timesaving 
auto-segmentation can be. 

As a complementary method of evaluation the number of mouse clicks used during 
manual segmentation compared to editing the auto-segmentation was recorded. This is 
because when editing a longer time might go to studying the structure than to actually edit 
it and this might indicate changed work routines. 

The comparison of the edited proposals with the manually delineated is of primary 
interest. It is also of interest to assess the quality of the unedited proposals by comparing 
them with the manually delineated segmentations. Another reason for doing this was to 
see how much impact the proposals had on the edited result. In an ideal situation with 
segmentations based on anatomical facts and with no personal influence, the result of the 
manual and the edited segmentations would be exactly the same. The complexity of the 
anatomical structures makes it practically impossible to reproduce the results exactly. It is 
however likely that the proposed segmentations will influence the final, edited 
segmentation and therefore the relationship between the manual segmentation and the 
unedited is important to quantify. For example, a segmentation proposal that is 
systematically smaller in volume will probably, by suggestion to the oncologist, give an 
edited segmentation that is smaller than the manually segmented. The evaluation has been 
done with the applicable methods Dice similarity coefficient, Hausdorff distance and 
volume.  

To evaluate the similarity between the delineated structures two mathematical models 
were used. The earlier mentioned Dice method performs a comparison of how well two 
volumes overlap each other and the result is presented as a value between one and zero, 
where one means a perfect match. The method is described in detail in section 2.7.4.  

The second of the mathematical methods of evaluation is the Hausdorff distance, 
which measures the similarity between two surfaces by scoring the distance from each 
point on the surface of one volume to the nearest point on the surface on the other volume. 
A thorough description of the method is found in section 2.7.5. 

The similarity between the segmentations was also compared based on the volumes of 
the segmentations. 

The radiation oncologist was also asked to grade how helpful the different 
segmentation proposals was during editing to get a subjective evalutation of both single 
atlas and fused atlas segmentation.  

 

2.7.1 Time 
The segmentation of each structure was timed individually both for the manual 

segmentation and for the editing of the single atlas and fused atlas proposals. The total 
time per patient for each of the three methods was then compared as well as the time 
consumed per structure. This layout of the study along with the grading of the individual 
structures was meant to give information on which structures in the head and neck region 
that can gain from atlas segmentation. The scoring sheet used is shown in Figure A1 in the 
Appendix. 
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2.7.2 Mouse-click-counter 
Another method of estimating the workload for the radiation oncologist is to register 

the number of mouse-clicks done during the manual segmentation and editing. The 
manual segmentation is expected to require more drawing and dragging with the mouse 
since the radiation oncologist has to create all the lines and edges of the ROIs from scratch. 
In the editing phase it is expected that more time will be spent studying the ROIs from the 
proposals thereby decreasing the mouse clicking.  Together with the time scoring this will 
give information on how the segmentation work routines change with atlas-based 
segmentation. 

2.7.3 Volume 
Determination of the volume is a straightforward and comprehensible method of 

evaluation. Both the RS and the TPS have tools for estimating the volume of a VOI and for 
consistency all volumes were taken from the RS because there was a slight systematic 
difference in estimated volume between the two systems. 

2.7.4 The Dice similarity coefficient 
An X-ray-image, just as all other digital images, consists of a number of pixels. Each 

pixel represents a small part of the image. When the radiation oncologist is delineating the 
different structures in a patient before treatment, the task is to decide which pixels are 
representing a certain organ or structure. This process is dependent on many subjective 
factors, which will result in a different outcome each time. The Dice Similarity Coefficient 
(DSC) gives a mathematical measure this difference. In Figure 4 a simple ROI illustrates 
the principle of the DSC.  
 

 
Figure 4. An illustration of the Dice Similarity Coefficient. The leftmost picture shows the segmented ROI 
A, in the middle a different segmentation of the same tissue, ROI B, and in the rightmost picture the two 
ROIs is put together in the same frame, showing the overlapping area, C. 

Figure 4 shows two separate segmentations of the same structure (ROI), A and B. In 
this example the two ROIs have identical shape and size and only differ in location. To the 
right the two ROIs have been put together in the same frame and the overlapping area, C, 
is indicated. The DSC is calculated according to Equation 2. 
 

DSC = 2 !
A"B
A + B

 (2) 

 
where !  denotes the cross-section between A and B. 
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It is the relation between the overlapping area of the two regions, or ROIs, divided by 
the total area of the two regions A and B. DSC is a number between 0 and 1, where 1 is total 
agreement and 0 means no overlap at all. 

DSC can similarly be applied to 3D-structures in CT-sets. Instead of measuring the 
area in number of pixels the volume is measured in number of voxels. 

To incorporate the algorithm used for fusion of atlases another script for MATLAB was 
written to calculate the DSC for all segmentations. The key element in the calculation of 
the DSC is the Euclidian distance maps that are constructed from the DICOM structure-
files. To make sure each distance map only contains one VOI, a separate map is created for 
each individual VOI. In such a distance map each voxel in the image is assigned a value 
that corresponds to its distance from the edge of the VOI. All voxels outside of the VOI 
have positive values and all voxels inside the VOI have negative values. The pixels that 
make up the edge of the VOI are set to zero. The number of voxels belonging to each VOI in 
both the compared distance maps is found by calculating all zero and negative voxels. The 
overlapping volume consists of the number of voxels found in both VOIs. 

2.7.5 Hausdorff distance 
A 3D-structure is not drawn directly in 3D but as contours in consecutive slices. Since 

the CT-slices have a finite thickness the TPS interpolates between the slices. When 
evaluating the similarities between structures, the Hausdorff distance is a method 
designed to compare 2D objects where the distance between the structures is the defining 
parameter. 
 

 
Figure 5. A schematic figure explaining the concept of Hausdorff distance with two segmentation proposals, 
A and B, for a certain structure. The maximum distance from the point a on the edge of A to edge B is marked 
with the line l2, and l1 is the maximum distance from the point b on the edge of B to A. These are the largest 
minimum distances between the two edges and the Hausdorff distance would in this case be equal to l1 since 
l1 > l2. 

The Hausdorff distance is the maximum of the minimum distances from any point on 
the edge of one segment to the other. This means that for every point that makes up a part 
of the edge on one of the ROIs the shortest distance to a point on the edge of the other ROI 
is determined and the largest of these values is the Hausdorff distance. 

Using Figure 5 as an example: ROI A and ROI B are two different segmentation 
proposals in a single slice of the CT-study. Somewhere on the edge of ROI A there is a 
point, a, that is further away from any point on B than all other points on A’s edge. This 
point has a minimum distance, l2, to ROI B. This is the Hausdorff distance from A to B. 
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Similarly on the edge of ROI B there is a point b that is further away from any point on A 
than all other points on the edge of B. The minimum distance, l1, from point b to a point on 
the edge of A is the Hausdorff distance from B to A. The maximum of these two values (the 
longer of the two lines), in this case l1, is the Hausdorff distance between ROI A and ROI B 
in this slice of the CT. This evaluation is then extended to all slices that contain both ROI A 
and B, and the Hausdorff distance is calculated for each slice separately. The maximum of 
these distances is the Hausdorff distance for the structure. 

One could argue that the correct way of measuring the Hausdorff distance for this type 
of elements would be to consider all points on the whole surface of the volume in three 
dimensions. There are however reasons for measuring Hausdorff in transversal slices only. 
The radiation oncologist only does the segmentation in transversal slices and cannot 
change the interpolation between them, and the limited spatial resolution in the cranial-
caudal direction of the CT-study makes distance measurements between slices uncertain. 
In this project it was therefore decided to only evaluate Hausdorff slice by slice in 
transversal slices. 

A single value for the Hausdorff distance can lead to unreasonable results for two ROIs 
with a few large discrepancies. If the Hausdorff distance were zero millimetres for 99 slices 
and 50 mm for a single slice the total Hausdorff distance for those two ROIs would be 50 
mm. Therefore a mean Hausdorff distance for each structure was calculated as the mean 
value for all individual slices of the structure. In the earlier example with the Hausdorff 
distance of 50 mm the mean Hausdorff would be 0.5 mm indicating that the two ROIs are 
actually very similar. 

To calculate the Hausdorff distance a script was written in MATLAB to maximize the 
use of the existing algorithm for atlas fusion. In the Hausdorff-algorithm, as in the Dice-
algorithm, the key element is the distance maps (the construction of the distance maps is 
explained in section 2.7.4). 

2.7.6 Grading of segmentation proposals 
The result from this project is not only dependent on the software and algorithm used 

to register the atlases to the patient CT and fusion the atlases afterwards. It is also 
dependent on the judgment of the radiation oncologist that has to interpret the proposals 
and edit them to usable segmentations. Her use of the proposals is then dependent of her 
experience in manual segmentation and editing. Since the radiation oncologist in this 
project has worked with segmentation and editing for many years and is well experienced 
it was natural to also use her subjective evaluation. 

When editing the proposals the radiation oncologist had to answer the question of how 
helpful each of the ROIs in the proposal was on the three-point scale from not at all to a 
little to very helpful. The result from this part of the evaluation can help determine for 
which of the structures atlas-based segmentation could be used or should not be used at 
all. 
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3. Results 

3.1 Time 
The results of time required for manual segmentation and for editing of single atlas 

and fused atlas segmentations are shown in Figures 6 and 7 and in Table 2. 
 
The time gain for editing the single atlas proposals was on average 15.8 minutes or 

21%. When using fused atlas proposals the results all show a gain compared with manual 
segmentation. The gain ranged from just over 2.5 minutes to 70 minutes. The average gain 
for all patients was 30.6 minutes or 40%.  

 

 
Figure 6. The left pie chart represents the total time for manual segmentation averaged over 10 patients. 
The sections show the time for some key structures. In the middle the pie chart shows how the radiation 
oncologist time is spent when editing a single atlas and to the right when editing a fused atlas. Significant 
reductions are evident for both single and fused atlas with 61.2 and 46.7 minutes respectively compared to 
the manual delineating time of 77.3 minutes, a gain of 21% and 40% respectively.  

The average time per structure presented in Table 2 shows that the major part of the time 
gained by using atlas-based segmentation comes from the lymph node regions, 77% for the 
single atlas and 70% for the fused atlas.  
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Table 2. The average time for manual delineation (over all 10 patients), editing of a single atlas and editing 
of a fused atlas. There is a gain for all structures when using a fused atlas, but for the single atlas two 
structures, the spinal cord and the larynx, show a loss of time. Table abbreviations: Edited (single) atlas – 
EA, Edited fused atlas – EFA. 

 

 

Figure 7 shows an overview of the results of the time spent per patient by the radiation 
oncologist. The individual variation is large and for two patients the time for editing single 
atlas proposals was greater than the time for manual segmentation but for one case the 
gain was large, over 48 minutes. 

In the Appendix (section A.1) a complete account of time study is given. 

 

Figure 7. Time required for manual segmentation, editing of the single atlas and the fused atlas respectively. 
The patients are re-sorted to easier visualise the time of manual segmentation time. 
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3.2 Mouse-clicks 
The mouse-click investigation presented in Table 3 shows that the number of mouse-

clicks is reduced when using atlas-based segmentation. Combining the results of average 
time from Table 2 with the data from Table 3 reveals that the average rate of clicking is 
reduced by 50%, from 0.8 clicks per second for manual delineation to 0.4 for editing an 
atlas-based proposal. 

Table 3. The table illustrates how much the oncologist has clicked the mouse button during the 
segmentation and editing. Clearly the number of mouse-clicks needed for an acceptable segmentation is 
lowered when using an atlas. Table abbreviations: Edited (single) atlas – EA, Edited fused atlas – EFA. 

 

 

3.3 Volume 
Table 4 shows the mean volumes of the different structures resulting from the three 

segmentations. The edited fused multiple-atlas segmentation is on the average 7% smaller 
than the manually segmented structure while the edited single-atlas proposal is 2% larger. 
The volume in the unedited single-atlas proposal is on average 21% larger than the 
manually delineated volume and an unedited fused atlas structure is on the average 43% 
smaller. All data relating to the volumes of structures are shown in Appendix section A.2. 

Table 4. The mean volume for all structures in the 10 patients. Some structures were missing in some cases 
and those volumes are therefore averaged over less then 10 patients. The soft palate, in the Atlas-column, is 
for example a mean of only 2 patients since the atlas chosen as the male single atlas did not have the soft 
palate segmented and only 2 female patients where included in the study. The Diff-column shows the 
difference between the Manual and unedited and edited atlas proposals. Table abbreviations: Edited (single) 
atlas – EA, Fused atlas – FA, Edited fused atlas – EFA. 
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3.4 The Dice similarity coefficient 
The DSC evaluation is presented in Figure 8. Most edited structures reach a level of 0.8 

or above and the average increase from the unedited to the edited segmentation is 0.24. 
With the editing of the radiation oncologist the variation of the results are also decreasing 
which is made visible with the error bars in Figure 8. Total records of the DSC are shown in 
Appendix section A.3. 
 

 
Figure 8. The DSC for each structure averaged from all 10 patients. The error bars include one standard 
deviation in either direction. 

 

3.5 Hausdorff distance 
The mean Hausdorff calculated over all CT-slices are shown in Figure 9 and 10.  
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Figure 9. The Hausdorff distance for each structure averaged over all 10 patients is shown. The error bars 
include one standard deviation in either direction. 

 

 

Figure 10. The Hausdorff distance averaged over all 10 patients and over all slices for each structure is 
displayed. The error bars include one standard deviation in either direction. 

For all edited structures the mean Hausdorff is under 4 mm, except for the lymph node 
regions, where the values are between 6 and 7 mm. The fused multiple-atlas proposals 
generally show smaller values (range 3 to 7 mm) than the single-atlas proposals (range 3.5 
to 14 mm).  The complete Hausdorff measurements are shown in the Appendix, section 
A.4. 
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3.6 Grading of segmentation proposals 
Table 5a and 5b shows the results of the radiation oncologist grading of the 

segmentations proposals. The table also shows a grading of how difficult the oncologist 
found the manual segmentation of the structures. Of the proposals 77% were deemed as 
helpful and a majority of those were graded as very helpful.  

Table 5a and 5b. The radiation oncologists grading of the proposals. In 5a Manual shows how difficult the 
specified structures were to delineate. In 5b the Single atlas and Fused atlas the grading shows how helpful 
the atlas proposal was, ranging from very helpful via helpful to not helpful at all. The numbers shows how 
many structures that received that particular grading. Some structures were not graded by the oncologist and 
are therefore missing in the table. 

Table 5a. 

 

Table 5b. 

 

From Table 5a and 5b it is also clear that the most problematic structures for the fused 
multiple-atlas is the esophagus entrance and the soft palate. As shown in Table 4 these 
structures have the smallest volumes. 

 

3.7 Inter-observer variability 
The inter-observer variability study showed that the edited fused atlas segmentation 

had Dice values as good as the manually segmented structures when compared to the 
original segmentation. For the 5 patients involved a total of 37 structures were compared 
and the differences were evaluated. For 15 of the structures the edited fused atlas gave a 
better DSC and for 22 the manually segmented resulted in a better DSC. The average 
difference (compared structure for structure) was small; !DSC1-DSC2!<0.05. All results 
are found in the Appendix under section A5. 
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4. Discussion 

4.1 The fusion algorithm  
The algorithm used for fusing the resampled segmentations in MATLAB was originally 

written to allow for fusion of prostates only.  The algorithm was therefore modified for 
fusion of the structures in the head and neck region. This includes adding a correct list of 
ROIs to fuse and also defining the margin around each structure that determines what is 
incorporated in the calculations. 

To make the fusion as accurate as possible the procedure for calculating the weight 
factors from the relationship between the spatial overlap and the similarity measure 
should be individualised to each structure. An investigation was made in the beginning of 
the project to find out how much this would affect the final result. During these test-runs it 
was found that the impact on the final fused atlas segmentations from altering the 
procedure was small. It was then decided not to further optimise the individual procedure 
for each structure, as it was time consuming and beyond the timeframe of the project. 

However, in a more extensive project to further investigate the possibilities with atlas 
segmentation fusion, this might be a way to further increase the accuracy of fusing atlases 
compared to using single atlas segmentations. With the result from this project, 
investigating the possibilities for optimizing the fusion algorithm should be a natural next 
step in the process of finding a segmentation system with minimal operator time. 

Looking at the results of the unedited segmentations in Figure 8 it is clear that the 
fusion process has some problems with the smaller structures such as the soft palate, 
esophagus entrance and the submandibular glands where the DSC is below 0.5, which is 
lower than for the single atlas segmentation. 

The DSC-evaluation also shows that the lymph node regions, the spinal cord, the 
mandible and the parotid glands are the structures that gain most from the fused atlas 
segmentation. These are the only ones (except for the mandible in the single atlas which 
also is deemed as very helpful in most cases) that have an average DSC, for all 10 patients, 
over 0.7 when unedited, as seen in Figure 8. 

 

4.2 The stand alone image registration 
The image registration in a stand-alone system as VelocityAI is relatively time-

consuming. The handling of the data in this project became very time consuming with a 
database consisting of 11 atlases, where each one had to be manually selected and fitted to 
the patient’s CT-study and a region of interest had to be chosen before the registration 
could start. From start to finish each atlas registration took approximately five to ten 
minutes1 dependent on the user experience and the complexity of the individual case. This 
sums up to a total time of up to two hours for each patient. It is however not necessary for 
a radiation oncologist to be present during these two hours, the work could be done by an 
assistant, a nurse or some another person. Nevertheless, as of now two hours of this 
persons time would be traded against 30 minutes of the physician’s time. 

In a clinical setting it would be necessary to include the registration and fusion 
functionality in the TPS to make it efficient. Then the operator time could be minimised if 
the registration and fusion process could be done in background. 
 

                                                   
1 The computer used in this project for the VelocityAI software is equipped with a Intel Core2 processor 
operating at 997 MHz, 3 GB RAM and a Windows XP operating system 
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4.3 The inter-operator variability 
This study shows a tendency for the oncologist to adapt to the presented atlas 

segmentation proposals. When the volumes for the unedited proposals were on average 
smaller than the manually segmented, the edited volumes were on average smaller as well. 
Similarly, larger unedited proposals led to larger edited volumes. It is therefore reasonable 
to believe that with a fully operational atlas-based segmentation workflow the inter-
operator variability would decrease. 

 

4.4 The problem in cranial-caudal direction  
A greater focus could be set on the segmentation in cranial-caudal direction, as this is 

where a large portion of the error stems from. For a single structure Hausdorff values of up 
to 10 to 20 mm are not uncommon, especially for a large structure such as the lymph node 
regions. These differences can depend on many reasons, such as poor resolution images, 
artefacts from dental fillings etc, but the main reason is associated with the standard 
routine to do the segmentation in transversal CT-slices. With 2 - 4 mm thick CT-slices the 
resolution in the cranial-caudal direction is much poorer than in the transversal directions. 
The tendency of the oncologist to view the structures in transversal slices and not in 
sagittal or coronal projections also contributes to the uncertainties delineation in the 
cranial-caudal direction. This problem is further illustrated in section 4.5. 

Large differences were also seen for the spinal cord but this was mostly a question of 
where the segmentation started and finished and not the actual length of the spinal cord. A 
more consistent way of segmenting the spinal cord would make it easier to compare doses 
between patients and detect anomalies between treatments. This argument is also 
important for other structures as well. For the lymph nodes a smaller uncertainty in the 
cranial-caudal direction could be of importance for the result of the treatment. 

For this project the extent of the segmentation should have been defined more 
accurately for the spinal cord. As this was not done, the Dice similarity coefficient was of 
limited value since the extent varied in the different segmentations for each patient. 

 

4.5 The problem with 2D Hausdorff evaluation 
For structures such as the lymph node region or the mandible the Hausdorff distance 

can be misleading as it is calculated in 2D, slice by slice.  Consider a situation as in Figure 
11, where two segmentations of the lymph node regions is visible, segmentations A (blue) 
and B (green).  
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Figure 11. The image shows two segmentations of the lymph node region, the blue and green areas. The 
approximate Hausdorff distance for the particular slice is shown as a red line, which is overestimated since it 
is calculated between two different parts of the lymph node regions. 

 
In A, the left upper part of the lymph node regions is absent in the current slice but is 

included in B. The Hausdorff distance for the lymph node region would then be calculated 
for that particular slice as the distance shown in red in the figure, unfairly resulting in a 
distance much larger than the true value. To get a more accurate and representative result 
the Hausdorff distance should be calculated between the blue area and the green area to 
the right in the image. The Hausdorff distance in 3D would probably be much smaller. The 
same argument holds for the mandible, any other structure that can consists of two or 
more ROIs in the same slice or any large enough structure. The small intestine or the 
pelvis would be examples from other regions in the body. 

To summarise, the Hausdorff distance might not be a good way of measuring when the 
ROI consists of more than one polygon in the same slice. A 3D calculation of the Hausdorff 
distance would however be more useful as an evaluation tool but comes with other 
difficulties. The calculations would be harder to implement, the interpolation of the 
structure boundaries between slices could affect the result and the finite thickness of the 
slices would be of importance.  
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4.6 The gain from unhelpful structures 
For some of the structures atlas-based segmentation has such a small impact on the 

time gained that it might be excluded. Sometimes less important structures are not 
segmented because of lack of time. These structures could be included to a small cost in 
time, and they might give useful guidance for the oncologist and could help to improve 
evaluation of the treatments further.  

Also if atlas-based segmentation would be the standard method, the radiation 
oncologists would most probably adapt to the different way of working and therefore 
decrease the segmentation time further. 
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5. Conclusions 

Based on the results in this study, it can be concluded that atlas-based segmentation is 
a useful tool, and has potential of further improvement of radiation therapy planning. The 
edited atlas-based segmentations are in this study as good as the manual segmentations 
and are on the average completed at a shorter time. The radiation oncologist finds that 
atlas-based segmentation is helpful which also is indicated by the objective evaluation 
methods (Dice, Hausdorff and volume). 

The fused atlas segmentation is more successful than the single-atlas, both regarding 
time gained and final result after editing Variations in anatomy can be large from patient 
to patient and an extensive atlas database from which to make the fused atlas is therefore 
of great importance to the final result.  

However, for atlas-based segmentation to be clinically useful the manual work must be 
minimised. The software must be integrated in the TPS so that the atlas-based 
segmentations can be done automatically. By doing this, atlas-based segmentations may 
become an important tool in future radiation therapy. 

These conclusions are supported by the results from the parallel project aimed at atlas-
based segmentation of prostate cancer patients. [14] 
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A. Appendix 

 
Figure A1. The figure shows the score-sheet used by the radiation oncologist when editing a proposal. The 
same score-sheet was used for both the single atlas proposal and the fused atlas proposal. A similar score-
sheet was used when manually delineating a patient. 
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II 

A.1 Time 
Table A1. In the tables below the measured times for each structure in each patient is shown as well as the 
total time for each patient (for each of the three delineations) and the total gain in both minutes and per cent 
for the editing of the single atlas and the fused atlas. Table abbreviations: Edited (single) atlas – EA, Edited 
fused atlas – EFA. 
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IV 

A.2 Volume 
Table A2. In the tables below the volumes for each structure in each patient is shown for all five stages of the project, manual segmentation, single atlas proposal, 
edited single atlas segmentation, fused atlas proposal and edited fused atlas segmentation. The volumes were calculated in the registration software. A hyphen (-) 
signifies that no volume could be calculated. Table abbreviations: Edited (single) atlas – EA, Fused atlas – FA, Edited fused atlas – EFA. 
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VII 

A.3 The Dice similarity coefficient 
Table A3. In the tables below the DSC for each structure in each patient is shown for the four atlas-stages of the project, single atlas proposal, edited single atlas 
segmentation, fused atlas proposal and edited fused atlas segmentation. The Dice Similarity Coefficients are calculated between each segmentation and the manual 
delineated patient. A hyphen (-) signifies that no DSC could be calculated. Table abbreviations: Edited (single) atlas – EA, Fused atlas – FA, Edited fused atlas – 
EFA. 
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A.4 Hausdorff 
Table A4. In the tables below the Hausdorff distance for each structure in each patient is shown for the four 
atlas-stages of the project, single atlas proposal, edited single atlas segmentation, fused atlas proposal and 
edited fused atlas segmentation. Both the regular Hausdorff distance and the mean (taken over all slices of 
the structure) are shown. The Hausdorff distances are calculated between each segmentation and the manual 
delineated patient. A hyphen (-) signifies that no Hausdorff distance could be calculated. 
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A.5 Inter-observer variability 
Table A5. The tables shows the limited differences between the manually segmented patient and the 
segmentations made from editing the atlas proposals. The individual differences for each structure is very 
small, the mean difference is 0.043, which indicates a good agreement. The comparison is made between 
each segmentation proposal (manual, edited single atlas and edited fused atlas) and the manually 
segmentation done that was actually used for treating the patient. These 5 patient where chosen because they 
where all originally segmented by the same radiation oncologist (not the one involved in this project). Table 
abbreviations: Edited (single) atlas – EA, Edited fused atlas – EFA. 
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