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Abstract 

Hospitals have limited budgets, making the cost of an examination important. A whole-body MRI 

scan is much less expensive than a PET-CT scan, making the MRI desirable in cases when the result 

from the MR machine will be sufficient. Also, unlike CT, MRI does not rely on ionizing radiation, 

which is known to increase the risk of developing cancer.   

To make the most out of the MRI results, an efficient visualization of the data is important. The goal 

of this project was to develop an application that would facilitate radiologists’ evaluation of whole-

body MRI data of lymphoma patients. This was achieved by introducing a fused image between two 

types of MRI images, offering simplified loading of all the study MRI data and creating a rotatable 

maximum intensity projection from which points can be selected and zoomed to in other types of 

images. 

Unfortunately the loading of the data and some parts of the interaction is somewhat slow, which is 

something that needs to be addressed before this application could become a possibly useful tool for 

the radiologists. 

  



 

 

Sammanfattning 

Sjukhus har en begränsad budget, vilket medför att kostnaden för en undersökning är av stor vikt. 

Eftersom en helkropps-MR-undersökning är mycket billigare än en PET-CT-undersökning är denna 

önskvärd i de fall då bildresultaten blir tillräckligt goda. Joniserande strålning ökar risken för att 

utveckla cancer. Till skillnad från CT använder sig inte MR av joniserande strålning och anses i 

dagsläget ofarligt. 

Den stora mängden MR-data som samlas in för varje patient kräver effektiv visualisering. Målet med 

detta projekt var att utveckla en applikation som kunde underlätta radiologers utvärdering av 

helkropps-MR-data från lymfompatienter. Detta arbete påbörjades genom att skapa en fusionsbild 

mellan två typer of MR-bilder, underlätta laddning av datan och genom att skapa en roterbar 

maximum-intensitets-projektion ur vilken punkter kan väljas och zoomas till i andra typer av bilder. 

Tyvärr tar det lång tid att ladda in datan till applikationen. Även delar av interaktionen med 

maximum-intensitets-projektionen går långsamt. Framförallt dessa två saker är något som behöver 

ses över innan applikationen kan bli ett användbart verktyg för radiologer. 
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1 Introduction 
 

Magnetic resonance imaging (MRI) is a technique for creating images of the body with the help of 

strong magnetic fields and radio waves (fig. 1). MR images are particularly good for showing detailed 

images of soft tissues and joints. (RadiologyInfo, 2010) 

MRI image contrast can be varied greatly by using 

different protocols for acquiring the images. (Cap 

Omega 2009) There are three different sequences 

used together for the evaluation of lymphoma 

patients at Uppsala University Hospital; T1, T2-STIR 

and DWIBS. 

Normally only a small part of the body needs to be 

examined with MRI, but for cancer patients whole-

body scans can be very useful for detecting possible 

metastasis (secondary cancer growing elsewhere in 

the body). 

The evaluation of these whole-body MR images is 

time-consuming for the radiologist. A number of 

different images need to be loaded into the evaluation environment and then scrolled though, slice 

by slice. This is something that could be made more efficient.  

A number of different sources of information were used for this report, mainly online sources and 

papers/articles from scientific journals. The official web pages were used to gather information on 

the subject of interest, such as different toolkits or a medical image format standard etc. This 

minimizes the risk of incorrect or misinterpreted facts, but on the other hand introduces a small risk 

of partiality. Of other internet based sources Radiologyinfo and Sjukvårdsrådgivningen are two 

examples. Radiologyinfo is a website developed as a collaboration between the Radiological Society 

of North America (RSNA) and the American College of Radiology (ACR). The aim with the website is to 

inform the public of radiological procedures and the website holds a lot of information, all presented 

in an accessible way. Since the information is reviewed by two radiological organizations, RSNA and 

ACR, it gives a serious impression. Sjukvårdsrådgivningen is a service provided by the county councils 

and regions of Sweden. Through an internet site and the telephone they offer the public medical 

counseling and information. This as well gives a serious impression. 

This report begins with an introduction to the medical imaging modalities MRI, PET, CT and PET-CT, 

respectively. This is for the sake of comparison, explaining the reasons for wanting to use MRI at a 

greater extent and therefore the need for the application. Next follows a short presentation of 

lymphoma and how whole-body MRI is used at Uppsala University Hospital for evaluating lymphoma 

patients today. After that the toolkits used in the Platinum platform, as well as the platform itself, are 

presented, followed by a description of the approach to the problem and the experimental details. 

Thereafter the result, the application and the interaction with that is presented, followed by the 

conclusions, the evaluation of the application and recommendations for improvements. The report 

ends with some concluding remarks about the project and the application.  

Figure 1. MRI image. 
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1.1 Goal 

The aim with this project was to aid the radiological evaluation of the whole-body MRI images used 

when evaluating the spread of metastasis of lymphoma patients at Uppsala University Hospital. This 

should be achieved by creating an application that produces a fast general overview of the data from 

the three previously mentioned whole-body scans. The application should have a simple and intuitive 

design and enable more interaction with the image data than before.  The result should make the 

visual evaluation of oncology patients more efficient. 

 

1.2 Method 

The requirements were identified together with a radiologist and my supervisor at Uppsala 

University, Department of Radiology. The application was then implemented in C++ using Microsoft 

Visual Studio 2008. The MIP and the interaction with it was done using VTK. ITK was used for loading 

and saving images. FLTK was used for matters related to the GUI. The application is part of the 

Platinum platform which already supported VTK, ITK and FLTK. The final application was tested by a 

doctor familiar with lymphoma evaluations with MRI data. Suggestions for improvements were made 

and were documented in the report. 
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2 Background 
 

This chapter presents background information related to the project. The medical image format and 

the relevant imaging modalities are described, with MRI in more detail than CT, PET and PET-CT. A 

short introduction to the lymphatic system and lymphoma is followed by the motivation for using 

MRI to a greater extent and how whole-body MRI scans are performed at Uppsala University Hospital 

today.  

Three different useful toolkits and the Platinum platform are presented. After that follows a 

description of the approach and the implementation of the application.  

 

2.1 Premise 

In 2007 approximately 50,000 people in Sweden were diagnosed with cancer. That means more than 

100 each day. Just over half of all cancer patients get cured completely. The sooner the cancer is 

diagnosed, the sooner the treatment can begin, increasing the chance of a positive outcome. 

(Cancerfonden, 2009). 

The images acquired by the MR scanner at Uppsala 

University Hospital are managed with the 

Carestream Picture Archiving and Communication 

System (Carestream PACS), which is a network 

environment for storing and retrieving medical 

images that offers virtual access to personalized  

desktops, freeing radiologists and others from 

dedicated workstations. (Carestream, 2009) 

Medical images are usually viewed in the three 

standard planes defining the anatomical directions 

of the body; axial, coronal and sagittal. Axial is 

bottom to top, coronal back to front and sagittal is 

left to right, as illustrated in fig. 2. 

Medical images are typically stored in the DICOM (Digital Imaging and Communications in Medicine) 

format. 

 

2.1.1 The DICOM standard 

In the 1970s and 80s when techniques such as CT and MRI came into medical use, the need for a 

standardized format emerged. In 1985 The American College of Radiology (ACR) and the National 

Electrical Manufacturers Association (NEMA) introduced such a standard, the ACR-NEMA standard, 

which in 1993 changed name to DICOM. DICOM is the most commonly used standard for medical 

images today. (Nema, 2008) 

Figure 2. Image planes. 
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The file consists of the image data and a header containing information such as the name of the 

patient, date and specific details about the acquired image e.g. if the slice is coronal, axial or sagittal.  

 

2.1.2 Medical imaging modalities 

There are several available imaging techniques for depicting the inside of the human body. According 

to radiologist Håkan Ahlström at Uppsala University Hospital, the most commonly used techniques 

for evaluating oncology patients include MRI, PET, CT and PET-CT.  

 

2.1.2.1 MRI 

The nucleus of an atom consists of protons and 

neutrons. Protons possess a quantum mechanic 

property called spin. The spin can be thought of 

as the proton being a small bar magnet (fig. 3). 

When protons are exposed to a strong external 

magnetic field, they align with that field either 

parallel or anti-parallel (fig. 4). The parallel state 

requires somewhat less energy, which makes it 

slightly more probable, resulting in a force in the 

direction of the external magnetic field. The protons 

precess in the external magnetic field with a frequency 

depending on the field strength. (Specht, 2003) 

A radio frequency (RF) pulse with the same frequency 

as the protons’ precession frequency is transmitted, 

which because of resonance gives the protons more 

energy. This causes more of them to align anti-parallel 

to the external magnetic field. The RF-pulse also 

synchronizes the protons, which normally move a little 

“out of phase” of each other. The result is 

magnetization, transversal to the external magnetic 

field, giving rise to an electric current: the MR-signal. 

(Specht, 2003) 

To be able to create an image from the MR-signal, location needs to be encoded in the signal. Inside 

the main magnet, there are three gradient coils. The main purpose of the gradient coils is to produce 

gradient magnetic fields which are superimposed on the main magnetic field, resulting in a varying 

magnetic field. Since precession frequency depends on the magnetic field strength, this varying 

magnetic field provides the spatial information needed for each signal. (Specht, 2003) 

When the RF-pulse is switched off, the protons will return to their original state. That means once 

again there will be more protons oriented parallel, which is less energy consuming, and the 

longitudinal magnetization will increase. (Specht, 2003) 

Figure 3. The proton spin generates a magnetic field. 

Figure 4. Proton precession and states in the external 

magnetic field. 
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The time it takes for the system to return to the longitudinal state, the longitudinal relaxation time, is 

called T1. The transversal relaxation time, i.e. how fast the transversal magnetization decreases, is 

denoted T2. (Specht, 2003) Every type of tissue in the body has its specific T1 and T2 values. In a T1-

weighted image (fig. 5:I) the contrast between tissues is mainly based on differences in T1 relaxation. 

In T1 weighted images fat is relatively bright and water dark, whilst water is bright in T2 weighted 

images. (MR-TIP 2010a, MR-TIP 2010b) A special type of T2 weighted images called T2-STIR is used 

for the oncological evaluations at Uppsala University Hospital. The difference between the T2 and T2-

STIR protocol is basically that T2-STIR suppresses fat, resulting in an image where water is bright and 

fat appears dark, which enables the enhancement of the signals from tissues of greater interest than 

fat (fig.5:II). (MR-TIP 2010c) 

The third type of images used for oncological evaluations at Uppsala University Hospital is the 

diffusion weighted images (fig. 5:III). Diffusion is the process of random molecular motion.  

 

 

     Figure 5. T1 (I), T2-STIR (II) and diffusion (III). 

  

  Diffusion in the direction of the gradient field causes the MR signal to attenuate. Areas with low 

diffusion, which might indicate a tumor, will appear brighter. The protocol used for the diffusion 

weighted images for lymphoma evaluations at Uppsala University Hospital is called DWIBS. DWIBS 

can be a very useful complement to the more anatomical MRI sequences T1 and T2-STIR. DWIBS can 
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detect functional changes before the structural changes become visible and it is also an excellent tool 

for identifying lymph nodes. (Kwee, 2008) 

The main component of the MR-machine is the magnet. There are three types of magnets used; 

permanent, resistive and superconductive magnets. The advantage with permanent magnets is that 

they do not require any energy to function. The disadvantage is that this type of magnet is very 

heavy, the magnet field strength is somewhat weak and cannot be switched off. The permanent 

magnets also tend to vary in strength depending on temperature. Resistive magnets have stronger 

magnetic field than permanent magnets and can also be switched on and off. They require a lot of 

energy and need to be cooled down due to the fact that stronger magnetic fields generate more heat 

as a byproduct.  Superconductive magnets generates a stronger and more homogeneous magnetic 

field than the two other magnet types and is therefore the only of the three which can also be used 

for spectroscopy, which can be used to study structure and composition of molecules.  The 

disadvantage with a superconductive magnet is that is has to be cooled down to approximately 4oK 

(about -269 oC), which requires a cryogen such as liquid helium or nitrogen.  The machine is 

expensive, as well as the cryogens which needs to be refilled regularly. (Specht, 2003) 

To prevent interference from external electromagnetic fields, the machine is placed within an 

electrically conductive shell to block out these external fields; a so-called Faraday cage. (Rinck, 2003) 

To improve the homogeneity of the magnetic field of the MR-machine, electrical and mechanical 

adjustments are performed regularly, so-called shimming. (Specht, 2003) 

Generally hydrogen is the atom studied since it is present in the body to a large amount and gives the 

best signal. The reason for the good signal is that the hydrogen nucleus only consists of one proton. 

Theoretically it is possible to use any nucleus provided that the number of protons is odd so that the 

proton spins do not cancel each other out. (Specht, 2003) 

Different protocols give rise to different MR image contrasts, each contrast having its own strengths 

and weaknesses. Recent studies imply that it might be beneficial to combine different types of MR 

images into one, so-called image fusion, to get several advantages at once. (Tsushima, 2007) The 

diffusion weighted image e.g. does not reveal the anatomy of the body very well, but it does give 

good information on possible abnormities, such as tumors. T2 weighted images e.g. do not indicate 

abnormities as clearly, but does however show the anatomy more precisely. These two types of 

images together could result in an image with detailed anatomy and clearly distinguishable 

abnormities which would be a facilitating and time saving tool for the radiologists.  

 

2.1.2.2 PET 

Positron Emission Tomography (PET) produces three dimensional images of the functional processes 

(chemical activity) in the body. The patient is injected with a radioactive tracer that is transported 

though the body and absorbed by the organs and tissues to be studied. The PET scanner detects the 

positrons emitted by the tracer substance.  There are several available tracers; each specialized on 

specific processes in the body with the purpose of studying a certain organ or tissue. 

Fludeoxyglucose, or FDG, is a radioactive form of glucose and a tracer commonly used for finding 
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tumors. The cell metabolism in tumor cells is higher than in normal cells, resulting in a much higher 

uptake of FDG in the tumor. (RadiologyInfo, 2009b) 

The procedure is considered safe since the radiation level of the tracer is very low. A small risk of 

cells or organs being damaged during the procedure does exist however. (RadiologyInfo, 2009b) 

PET scans measure emissions from positron-emitting molecules. Because many useful, common 

elements have positron emitting forms (carbon, nitrogen, and oxygen), valuable functional 

information can be obtained. This is the main difference between the CT and MRI scans. The PET 

shows molecular function and activity, not structure, and therefore can often differentiate between 

normal and abnormal (cancerous/tumor) or live versus dead tissue. PET data is usually used to 

complement rather than replace the information obtained from CT or MRI scans. (RadiologyInfo, 

2009b) 

 

2.1.2.3 CT  
Computed Tomography (CT) or Computerized Axial Tomography (CAT) became available for medical 

use in the 1970s. The machine consists of an x-ray tube which rotates around the patient. An x-ray 

detector is placed on the opposite side from the tube, registering the x-rays sent through the body. 

The examination table is moving through the scanner during the procedure to be able to capture the 

whole area of interest. The x-rays attenuate differently depending on what type of tissue they pass 

through. Tissue with high density attenuates the rays more than tissue of low density. (Holmvall & 

Groth, 2007) 

A CT scan can be performed relatively fast and might therefore be suitable for examining critically ill 

patients, children and elderly. (RadiologyInfo, 2009a) 

X-ray is a type of ionizing radiation, known to cause cancer. (Cardis, 2005) CT gives a higher radiation 

dose than traditional x-ray, but the risk of developing cancer from the CT scan is still relatively low 

and is therefore often outweighed by the advantage of obtaining the information.  (Vårdguiden, 

2009) 

 

2.1.2.4 PET-CT 

As mentioned in section 2.1.2.2, a PET scan, unlike MRI and CT, does not provide images with 

detailed structure of organs and tissues, but rather the chemical activity within them. To get the 

anatomical information a combination of PET and CT or MRI is desirable. This can be done either by 

software or hardware. Sophisticated software fusion methods were presented in the late 1980s and 

have been developed ever since. However, the registration of the images collected at different 

occasions is very difficult, making software fusion more suitable for relatively rigid objects, such as 

the brain. With hardware fusion, the problem with registration is less severe because all the data is 

collected during the same examination. Since the combined PET-CT scanner was commercially 

introduced in 2001, the multimodal machine has quickly become popular. Other than just combining 

PET and CT, the PET-CT scanner uses the acquired CT images to perform attenuation correction for 

the PET, which produces better PET images than the stand-alone PET scanner. (Townsend, 2008) 
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The PET-CT is a well-used tool in oncology, since PET shows abnormal metabolism and CT presents 

possible structural abnormality. PET-CT has proved to be particularly useful for lymphoma 

examinations; however, for this purpose PET alone provides very accurate results. (Dhanapathi & 

Kumar, 2007) 

The examination can be done with either a normal CT scan or with a low dose CT to minimize the 

radiation, providing anatomical guidance only. (Townsend, 2008) 

 

2.1.3 The lymphatic system and lymphoma 

The lymphatic system consists of lymph, lymph vessels and lymphatic organs such as the spleen, 

thymus, tonsils and the lymph nodes (fig. 6). Other lymphatic tissue exists in the digestive system and 

on various other locations all over the body, except in the central nervous system. 

(Sjukvårdsrådgivningen, 2005b) 

The lymphatic system is a part of the immune 

system and protects the body against infections. 

Lymph circulates in the lymph vessels and 

consists of water, protein, fats and lymphocytes, 

among other things. Lymphocytes are created in 

the bone marrow (fig. 6) and mature in 

lymphatic tissue such as the thymus and the 

lymph nodes. Lymphocytes are a special kind of 

white blood cells and white blood cells destroy 

possible attacking microorganisms. 

(Sjukvårdsrådgivningen, 2005a) 

The lymph nodes filter the lymph from old, 

damaged or unfamiliar cells, such as old red 

blood cells or tumor cells, on its way from the 

tissues to the veins of the bloodstream. 

(Sjukvårdsrådgivningen, 2005b) Swollen and 

enlarged lymph nodes can indicate an infection 

in that area or a tumor. (Sjukvårdsrådgivningen, 

2009) 

There are between 500-1000 lymph nodes in the body. They are generally located in small clusters 

and are found in larger concentrations in the throat, armpits, alongside the large blood vessels in the 

torso and in the groins. (Sjukvårdsrådgivningen, 2005b) 

When blood passes though the capillaries, fluid leaks out. Some of it goes back directly to the veins, 

while some is absorbed by the lymph vessels and carried back into the blood circulation via the 

lymphatic system. This is an important function since the tissues quickly would swell up if they were 

not drained of the excess fluid somehow. The drainage is also important since it helps to maintain 

the blood volume and pressure in the body by later returning the fluid, cleansed, to the bloodstream. 

(National Cancer Institute, 2010) 

Figure 6. The lymphatic system. 
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The last of the three main functions of the lymphatic system is the absorption of fat and fat soluble 

vitamins by lymphatic tissue in the small intestine. The fat and the vitamins are transported to the 

bloodstream via the lymphatic system. (National Cancer Institute, 2010) 

Lymphoma is a collective name for several malignant diseases originating from the cells of the 

lymphatic system, the lymphocytes. (Hagberg, 2009) 

 

2.1.4 Medical imaging of metastasis  

When cancerous cells are spread from their original location and form tumors somewhere else in the 

body, these tumors are called metastasis. (Cancerfonden, 2008) To be able to find metastasis, a 

whole-body scan is very helpful. There are several alternatives such as the earlier presented CT, PET-

CT and MRI. The main advantage of an MRI scan is that it costs less than half of a PET-CT scan, 

according to radiologist Håkan Ahlström and MR physician Anders Lundberg. Another important 

aspect is that MRI only uses magnetic fields which are considered to be harmless for the patient, 

while the CT uses ionizing electromagnetic radiation. Ionizing radiation increases the risk of getting 

cancer, which one would like to avoid if possible when making an initial scan or follow-up of a cancer 

patient. The risk might be small, but it exists.   

 

2.1.5 Whole-body MRI at Uppsala University Hospital   

MR technician Anders Lundberg explained 

how an MRI exam is carried out at Uppsala 

University Hospital: When receiving a whole-

body MRI exam at Uppsala University 

Hospital, the patient is placed inside the MRI 

tunnel (fig. 7). The images are acquired using 

eight different positions, or stations, and not 

the whole body at once. If the patient is 

short, however, fewer stations can be used. 

The three different protocols are executed at 

each station in the order T1, T2-STIR and 

DWIBS before moving on to the next station. 

The T1 and T2 weighted images, which are 

acquired in the coronal plane, are 

automatically assembled into whole-body images by the software on the scanner. The diffusion 

weighted images, which are acquired in the axial plane, have to be handled manually. The MR 

technician converts the volumes acquired at each station into a maximum intensity projection (MIP) 

in the coronal plane. These MIPs are merged into a whole-body MIP by positioning them by hand and 

adjusting intensity irregularities between the sub-volumes. This is all performed with the aid of the 

tools and functions of the scanner software and takes approximately 3 minutes. The images are then 

saved into the Carestream PACS for later evaluation by the radiologist.   

 

Figure 7. Example of an MRI scanner.     Source: Philips Healthcare 
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A maximum intensity projection is a visualization method for 3D data. Parallel rays emanate from the 

view plane and search through the data volume (fig.8). The highest intensity value encountered by 

each ray is assigned to its corresponding pixel in the view plane (fig. 9). (Scientific Volume Imaging, 

2006) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When evaluating whole-body MR images, there are a lot of slices to scroll through in the search of 

pathologies.  Therefore the radiologists already use the MIP of the diffusion weighted image to be 

able to faster see which regions that look suspicious and have a closer look at these areas in all types 

of images. 

 

Suppose that a whole-body volume would have 

the same intensity value in each voxel, unless 

there was some kind of abnormality. Looking at 

the volume from the side and imagining the 

voxels with the normal intensity values as 

transparent, the voxels with deviating values 

would be clearly visible (fig. 10, left). A rendered 

slice of the volume, which is how the data 

presented normally, would reveal nothing out of 

the ordinary unless the position of the slice was 

exactly where abnormal values were situated in 

the volume (fig. 10, middle). A MIP rendering of 

the whole volume on the other hand, would 

show the highest intensity values, no matter 

where they were situated, depth wise (fig. 10, 

right). However, if the red spheres had the 

intensity value 100 for example, a smaller or 

same sized region with intensity value 50 in front 

of or behind one of the red spheres would not 

Figure 8. Rays emanating from view 

plane. The red dashed lines represents 

from where the intensity values are 

selected. 

Figure 9. The squares represent the pixels in 

the view plane associated with the rays 

searching through the volume. 

Figure 10. The advantage of a MIP. The blue line in the 

"transparent" volume on the left represents from where 

the slice depicted in the middle is taken. 



11 

 

be visible in the MIP rendering since it is not the maximum intensity values for the rays passing 

through there. 

For the diffusion weighted image volume, the highest values correspond to areas with low diffusion, 

areas that might contain lesions such as tumors. This gives a good general overview of where to look 

closer in the other images, weighted differently. However, the MIP does not give any depth 

information, which would be of great importance as it potentially could speed up the evaluation time 

for the MR images.  

 

According to radiologist Håkan Ahlström, the evaluation of the images is performed as follows: Using 

the PACS, the radiologist performs a search on the personal number of the patient in question. If 

multiple exams are available, the right one needs to be selected. From a list of acquired MRI 

sequences from that examination, the T1, T2-STIR and diffusion weighted images along with a MIP 

version of the diffusion weighted image are loaded into the image viewer using drag-and-drop. By 

default, images are displayed in the same plane as they were acquired.  

 

2.1.6 ITK/VTK/FLTK 

The Insight Segmentation and Registration Toolkit (ITK) is an image analysis toolkit for 

multidimensional images. The toolkit contains a number of algorithms for image analysis, such as 

algorithms for segmentation and registration, but also for file operations like loading and saving 

various common image formats. Segmentation is the process of identifying regions and objects by 

finding edges, curves and lines. Each pixel is assigned a label which corresponds to certain visual 

characteristics. Registration is the process of positioning the data into one mutual coordinate system, 

since images collected from different positions or angles have different coordinate systems. To be 

able to compare the data from different measurements, registration is often necessary. (Kitware, 

2009a) 

The Visualization Toolkit (VTK) is an extensive library for 3D computer graphics, modeling, image 

processing, volume rendering, scientific visualization and information visualization. (Kitware, 2009b) 

Fast Light Toolkit (FLTK) is a graphical user interface (GUI) library for 3D computer graphics. The 

toolkit has its own widget, drawing and event systems, which enables the application to look the 

same on different platforms. (A widget, short for window gadget, is a part of the graphical user 

interface that the user can change in some way, such as a text box, menu, button or window.) 

(Spitzak, 2009) 

ITK, VTK and FLTK are all cross-platform and open source projects, which means that the source code 

will function on the major operating systems and is free and available to use, read, modify and 

redistribute. 

 

2.1.7 Platinum 

The Department of Radiology at Uppsala University is developing an open source visualization and 

image processing platform called Platinum. It started out as a thesis project performed by Arvid 

Rudling, with later on contributing work from students, postgraduate students and researchers. The 

purpose of the platform is to facilitate the development of applications for image processing and 
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keep these tools easily available to others after a project is completed. The platform is also meant to 

simplify collaborations between researchers and/or industry. (Rudling, 2009) 

Platinum is written in C++ and is based on ITK, VTK and FLTK. Applications created using the platform 

can run under Window, Mac OS and Linux. The current main focus of the platform is on processing of 

three dimensional image data. (Rudling, 2009) 

 

The platform is freely available online and can be downloaded from 

http://code.google.com/p/platinum-image. The GNU Lesser General Public license does, however, 

allow use of the platform in private applications.  
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3 Implementation 
 

3.1 Wanted features 

After a short introduction to magnetic resonance imaging and the opportunity to attend a couple of 

evaluations of MRI data of lymphoma patients, discussions about the wanted features of the 

application were held with radiologist Håkan Ahlström. The following features were requested: 

• Automatic loading of images of interest from a chosen directory. 

• The images initially displayed in the pre-set desired planes, not necessarily only the ones they 

were acquired in. 

• Interactive MIP which can be rotated freely and used to quickly zoom in on regions of 

interest in the other images. 

• A fused T1 and diffusion weighted image. Recent studies suggest that fused images of T2 and 

diffusion weighted images can be valuable (see chapter 2.1.2.1). T1 and T2 both result in 

anatomical images and since only T2-STIR and not the normal T2 is acquired at Uppsala 

University hospital, the T1 weighted images are used instead. 

• An application that was part of the Platinum platform. 

The decision to implement the application as a tool in Platinum was based on the advantage of 

having the project preserved and easy to access for possible later use or improvements. The code 

would also be available for others in need of functions created for this project. Using Platinum was 

beneficial since it gave access to a set of useful functions such as zooming, scrolling through slices, 

panning, a basic GUI and support for various input and output formats. A downside, however, was 

being restricted to existing structure. Trying to write the functions as general as possible, making 

them useful for possible future use and projects, and in accordance with the existing structure, was 

time-consuming. Identifying the reasons for some existing functions that proved to be 

malfunctioning for my specific application and rewriting them was also troublesome. An important 

aspect there was to be careful not to make changes that would result in malfunctions for other 

applications utilizing those functions. 

 

3.2 Implementation and application details 

When running the application, the window layout and desired viewing directions for each viewport is 

implemented to be set up automatically. Change of the view direction at runtime can, however, 

easily be performed.  

By pressing the “Load” button in the application, the user can find and specify the desired folder 

from a folder structure. This folder can contain more images than the ones of interest for the 

lymphoma evaluation, such as images acquired using other protocols or detailed images of specific 

areas in the body. Therefore the file headers are searched through in the folder and its sub-folders to 

find and load the right images. If any of the possibly remaining images are required, they can be 

loaded manually later. The choosing of folder and loading is a Platinum function which utilizes ITK 

and is not written for this application specifically. 
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As previously mentioned, the diffusion-weighted images are acquired in a different plane, the axial 

plane, and are not assembled into whole-body images by the MR scanner software directly as the T1- 

and T2-STIR-weighted images are. Normally eight different stations for acquiring 

the data are used, resulting in eight separate but slightly overlapping volumes 

(fig. 11). Since the number of sub-volumes can be less than eight in cases of short 

patients, the number of available sub-volumes is counted during loading for the 

application to be able to handle such deviations. For this purpose I implemented 

a new loading function, used for the diffusion-weighted sub-volumes only, based 

on the original loading function. 

Each sub-volume contains information of its physical position and rotation in the 

scanner coordinate system. This is used to calculate the needed dimensions for 

the new whole-body volume that is being created, a function implemented by me 

for this application. The sub-volume data is copied into the right positions in the 

new whole-body volume. Interpolation using the mean value is used in positions 

where sub-volumes overlap. A new origin and new maximum and minimum 

values are calculated and set for the whole-body volume, since these are needed 

for scaling and displaying volumes appropriately in the viewports. 

A MIP version of the diffusion-weighted volume is rendered using VTK. The 

viewport displaying the MIP therefore uses a VTK-renderer instead of the default 

Multi-Planar Reformatting (MPR) renderer that only renders subset slices of the 

data.  

The vtkRenderWindowInteractor is used to enable user interaction such as rotating, panning and 

zooming e.g. Since the MIP itself does not reveal where in the volume the intensity values shown are 

situated, depth-wise, I implemented a picker function. The user places the cursor over the point of 

interest and presses the “p” key on the keyboard to select the point. From the position of the virtual 

camera and the selected point a 

vector is calculated. Along this 

vector, like a ray through the 

volume, a search for the highest 

intensity value is performed (fig. 

12). Since high intensity values are 

interesting for lymphoma 

evaluations using diffusion-

weighted images, it is assumed that 

the position with the highest 

intensity value along the calculated 

vector is the desired one. To make 

the algorithm somewhat more 

robust for noise, the neighborhood 

of the points checked is considered. 

The attained position is used for 

zooming in and switching to the 

right slice in each of the 

Figure 11. 

Overlapping sub-

volumes. 

Figure 12. The picker function. The red part of the line/vector 

represents the search for intensity values inside the volume. 



15 

application’s other five viewports. 

A fused rendering of the T1- and the diffusion-weighted images is also added. Since the data was 

collected during the same examination, with the different protocols executed directly after each 

other at each station and with the same origin, no additional image registration techniques were 

used. The images were simply places on top of each other using the Platinum function “Grey+Red 

blending mode”.  This function keeps the first added volume (the T1 in this case) as it is, but tints the 

second added volume (the diffusion in this case) red to be able to look at both volumes at the same 

time, but still being able to set them apart. Blending mode and contrast can be changed during 

runtime if desired. 

For some of the patient data sets tested, the origin for the assembled whole-body T1-weighted 

images was defined differently than for the majority of the data sets. Instead of having the origin 

defined as the center of the whole-body volume, it is defined as the center of the 

last sub-volume acquired (usually approximately in the middle of the head). This is 

however the defined origin for the created diffusion-weighted whole-body images 

and for all the available T1- and T2-STIR-weighted sub-images. The center position 

seems more logical, but is in a way incorrect since it is not the original origin used 

during the data acquisition. The origin is redefined when the whole-body images 

are automatically created by the scanner software. Why the position of the origin 

is not always the same for the automatically created whole-body images is 

unknown. It could be due to a bug in the scanner software. 

The difference in definition of origin poses a problem for the alignment of the T1- 

and the diffusion-weighted images in the desired fused image (fig.13). To avoid 

this problem, the distance between the origins for the T1- and the diffusion-

weighted images is calculated. Each MR examination folder contains folders with 

all the T1 sub-images, as well as the whole-body ones. If the distance between the 

two origins is unreasonable, the sub-images, which have the correct origin, are 

used to produce new whole-body T1-weighted images to be used with the 

diffusion-weighted images instead. 

Each of the three volumes loaded into the application is saved as one DICOM file 

instead of several separate slices, which is how the data is stored originally. This 

makes the loading of the data faster the next time it is used since the application 

will find and load these files first, if available. 

Primarily the application was developed to aid the radiologist in the evaluation of 

the spread of metastasis in lymphoma patients. However, the application can be 

used for other cases, involving other types of cancers or other diseases, as long as 

the same MRI sequences have been acquired and are available in the user specified folder. If the 

same presentation of data was desired, but with other MRI sequences, the protocol names could 

easily be changed in the source code. 

 

 

Figure 13. 

Alignment 

problem in case of 

differing origins. 

The red cross 

represents the 

origins. 
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4 Results 
 

This chapter presents the resulting application and user interaction with it. This is followed by an 

evaluation of the application. 

 

4.1 The application 

 

 

Figure 14. The application. 

 

The application consists of six different viewports, three presenting the MRI data coronally (fig. 14: I, 

V and VI) and three axially (fig. 14: II, III and IV).  

The first viewport (fig. 14:I) contains an interactive MIP of the diffusion data. The MIP can be rotated 

freely in 3D and a picker function enables the user to select interesting points that are used for 

zooming in and switching to the corresponding slices in each of the other five viewports.  

Viewports II-IV show axial views of T1, diffusion and T2-STIR, respectively.  Viewport V presents a 

fusion image of T1 and diffusion coronally and finally viewport VI presents a coronal view of the T2-

STIR data. 
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4.1.1 Interaction  

 

Figure 15. Placement of buttons and menu items in the application (Platinum specific buttons a: "Clear all", b: "Load 

image" and c: "Dicom importer", application specific buttons d: "Close" and e: "Load", Platinum specific viewport menu 

items f: "Data"). 

 

The Platinum platform offers several options and interaction possibilities. On the panel to the right 

there are three Platinum specific buttons (fig. 15: a-c): 

•  The “Clear all” button removes all data loaded into the application. 

• The “Load image” button enables the user to load additional volumes or sub-volumes. For 

this application that can be useful in cases where extra images of specific areas have been 

taken due to suspicious pathologies visible already during the MRI scan.  

• The “Dicom importer” button opens up a separate window where an overview of all the files 

in the chosen directory is visible. Information from each file header such as protocol used, 

patient data and examination date among other things is shown in a matrix-like table and the 

user is able to choose one or several files to load into the application. 

The application has two buttons under the header “Tools” that are application specific (fig. 15: d-e): 

• The “Close” button that simply removes the application specific tool. 

• The “Load” button which enables the user to target a patient directory and load all the data 

relevant to the whole-body lymphoma evaluation.  
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Each viewport has by default four different menu items which are Platinum specific (fig. 15: f-i):  

• The “Data” drop down checkbox menu enables the user to choose which of the loaded 

volumes to display in the viewport. 

• The “Renderer” drop down radio button menu offers the opportunity to choose between the 

default MPR and the VTK-MIP renderer.  

• The view direction radio button drop down menu lets the user switch between viewing the 

data from the different directions axial, coronal, sagittal, -axial, -coronal and – sagittal. Due 

lack of space the notation z, y, x, -z, -y and –x is used in the menu instead. 

• The blend mode radio button drop down menu specifies what method to use when 

displaying more than one volume in the same viewport. “Overwrite” shows solely the last 

image volume added. “Max”, “Min” and “Average” displays the maximum, minimum or 

average value of the different volumes in each voxel as the resulting pixel on the screen. 

Finally “Tint”, which colors the first added volume red and the next blue, and “Grey+Red”, 

which keeps the first volume as it is and colors the next one red, are valuable options to be 

able to set different volumes apart when displaying them simultaneously.  

On a panel to the right in the application, the loaded data sets are listed. For each volume, a number 

of different settings can be made. The data can be removed, saved in the DICOM or VTK formats, the 

user can save the histogram of the data, edit geometry and use various transfer functions. This is all a 

part of the Platinum platform. 

Basic controls in each viewport are available using the 

mouse (fig. 16) and are also a part of the Platinum 

platform. The left mouse button in combination with 

moving the pointer up and down zooms in and out, 

respectively. The wheel is used for scrolling through 

the image slices and pressing the wheel down and 

dragging enables panning. The space bar on the 

keyboard can be used for positioning the center of the 

current slice to the center of the viewport, at the 

present zoom.  

Interaction with the MIP is, however, somewhat 

different (fig. 17). The reason for this is that most 

of the interaction with the MIP is handled by 

VTK’s interaction class, vtkRenderWindow-

Interactor.  The functionality of the buttons for 

this class is set. The class offers a useful 

collection of interaction tools of which zooming, 

panning and rotating are the valuable ones for 

this application. Zooming is done using the right 

mouse button and panning, just like for the 

standard viewports, is done by pressing the wheel 

button. Free rotation is available using the left 

Figure 16.  Basic controls for the standard viewports. 

Figure 17. Basic controls for the MIP. 
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mouse button in combination with moving the pointer in the direction rotations is wanted. The 

interactor style is set to “trackball”, which results in the rotation being motion sensitive. The volume 

will rotate to the right while you move the cursor to the right. When the cursor stops, the volume will 

stop rotating too. For a more controlled rotation, the arrow keys on the keyboard can be used to 

rotate the volume 30 degrees at a time in the chosen direction. The “r” key resets the view to the 

original position. 

 

Another feature for the MIP is the ability to pick a point in the MIP, implemented for this application. 

The picking is done by placing the cursor over the point of interest and pressing the “p” key. The 

position in the volume with the highest intensity, behind the chosen point, is returned. Each 

corresponding slice is found and the picked point is zoomed in on in the other viewports. 

When a volume is shown from a different direction and in another viewport, Platinum offers lines to 

guide and show the user how he/she is scrolling through the volume in another viewport (fig. 18).  

The width and height of the viewports can easily be adjusted using the mouse. 

 

 

                 Figure 18. Guiding lines. 

 

4.2 Conclusions 

In consultation with a radiologist, an application has been created to aid the evaluation of whole-

body MRI images of lymphoma patients. It facilitates the work by offering easy loading and overview 

of the data, a freely rotational MIP and a fused image between two types of images offering both 

diffusion information and anatomical details. 

The automatic creation of a whole-body diffusion image and a MIP representation of this save time 

for the MR physician, who normally has to convert the parts to MIPs and assemble them manually. 
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4.2.1 Evaluation of the application 

Unfortunately some parts of the application run somewhat slow. Loading the DICOM images for the 

application takes several minutes. Interaction with the MIP has performance issues time-wise as well. 

Rotating the volume takes 3-4 seconds before a sharp view re-emerges. This is not a great concern 

and is not remarkable since the MIP needs to be completely recalculated for each rotation. The fact 

that it takes twice as long time to reset the view and even slightly longer than that from picking a 

point until it is zoomed in the other viewports, is more problematic and rather surprising.  

The implementation of the application was more time-consuming than anticipated. By the time for 

an evaluation of the application, the main client radiologist Håkan Ahlström was unfortunately too 

engaged with other work to be able to perform it. Therefore the application was tested by Dr Goran 

Abdulqadhr. He is a physician and postgraduate student, tutored by Håkan Ahlström in this specific 

area and is therefore well familiar with evaluations of lymphoma patients from MRI data.  

Except for the obvious time issues, a few other adjustments were suggested. A desire to link the 

viewports to each other so that one could scroll through several of them at the same time, e.g. all the 

axial views, was suggested. The reason for this is that during an evaluation, the radiologist studies 

the same areas in all of the available images, so this might save time and effort. A wish to be able to 

maximize a viewport easily was also expressed. Overall the interactive MIP, the presentation of the 

images, the way the data was loaded and the fusion image was something that was considered as 

having potential.  
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5 Discussion 

5.1 Future work 

For future improvements of the application, there are a couple of things that could be valuable to 

look at. The time issues are of course the most critical ones.  

In the case of the slow update during interaction with the MIP the problem seems to lie with event 

communication between VTK and FLTK. Rotation of the MIP is acceptable, but once the arrow keys 

are used or a point is picked and zoomed in on, the amount of time it takes to register the event and 

update is unsatisfying. The key “r” resets the VTK camera and “p” picks an object in the scene for VTK 

when you are using vtkRenderWindowInteractor. This might be one of the reasons for the FLTK 

events “reset view” and “pick a point” being so slow since in fact two operations for each event are 

being performed – VTK’s and FLTK’s. To avoid this one could perhaps let VTK handle its own events. 

The reason why this is not used for the application at the present time is that the available VTK 

functions for picking a point in a VTK scene returned incorrect values. Perhaps one of these functions 

could be adjusted to fit the application or a new function created. Another way would be not to use 

vtkRenderWindowInteractor at all and instead implement all interaction related functions from 

scratch. 

The slow loading of data is the second time issue that needs to be addressed. Each slice is saved in 

the MR scanner as a separate DICOM file. As a result of that the chosen patient folder contains 

hundreds of files. This means that there are a lot of headers to go through to find and load the right 

files. The search for the right files and the loading could possibly be made more efficient. It is, 

however, extremely important not to rationalize too much with risk of compromising the very 

important medical data. At present all the files in the sub-folders of the user specified path are 

searched through until a sub-folder containing files acquired using the specific protocol of interest is 

found. The files in that folder are then loaded into the application. The loading function used is part 

of the Platinum platform, which in turn utilizes ITK. I implemented a version of the loading function 

for the loading of the diffusion-weighted sub-volumes, which needed to be counted. Except for that, 

the loading function used was nothing that was implemented for this application specifically. 

The folder names and their contents follow a certain structure, where the folder MR209 contains the 

whole-body T1-weighted images and the MR309 the whole-body T2-STIR-weighted images e.g. At 

the expense of generality and flexibility this information could perhaps be used to rationalize the 

loading and making it somewhat faster. This would, however, be neither elegant, nor robust to 

possible changes in folder name structure.  

As previously mentioned, the headers of the files in the sub-folders are searched through until 

images acquired with the right protocol are found. When the search for the next protocol is 

executed, headers of files in folders that have already been searched through are checked again 

since the search is for another protocol name. Each time ITK has to access the file header, which 

takes time. Another way to make the loading of data a little faster might be to start with saving the 

paths and corresponding protocol names in some kind of data structure which could be searched 

through faster, only having to search through the headers once at the beginning and possibly at 

loading, as a precaution.  
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More work is needed on the user interface. Interaction with the MIP is not optimal. Using the mouse 

for picking a point might feel more intuitive than using the “p” key on the keyboard. A good idea 

might be to use a rectangular marquee with an area of selection instead of just a point. Having the 

rectangle visible in the MIP is a good reminder and overview of what area the other viewports are 

zoomed in on. It might also be useful to restrict some parts of VTK’s vtkRenderWindowInteractor 

which handles a lot of the interaction with the MIP. It can sometimes be hard to rotate the volume 

without making it lean or wobble. This is not desirable and restricting the rotation to an x and a y axis 

centered in the volume might be preferable. The vtkRenderWindowInteractor also has several other 

features that should not be used for this application, but the user could accidentally press keys for 

these, such as switching between interaction with the actual object or the VTK camera looking at the 

object, changing mouse interaction style and so on. At the moment the zooming feature is at 

different mouse buttons depending on if the user is in the regular viewports or the MIP viewport. 

Ideally a new interaction class for the MIP could be created, resulting in a more uniform interaction 

style for the application. 

When a volume is shown from a different direction and in another viewport, lines appear to guide 

and show the user how he or she is scrolling through the volume. This is a useful tool, but in the case 

of the fused image between the T1 and the diffusion weighted images, double lines appear which 

might be confusing for the user (fig. 19). One way to solve this could be assigning a unique color to 

each viewport and giving the line in the other viewport, corresponding to the scrolling in the first, the 

same color (fig. 20).  

Figure 20. Possible solution to confusing lines. Figure 19. Confusing position lines. 
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Implementing an easy way to maximize a viewport, e.g. by double-clicking the viewport, and linking 

the scrolling of some viewports to each other, as suggested by Dr Goran Abdulqadhr during the 

testing of the application, is another way of making the application more user-friendly. If linked 

scrolling for viewports displaying data in the same direction is implemented, the previously 

mentioned possible confusion with the double lines would not be a problem for this application, 

since the lines would be in exactly the same spot. 

Another thing that could be useful is highlighting the active viewport by for example setting a color 

to the rectangular border surrounding the viewport. This would make it more obvious that the user is 

working in the intended viewport. 

 

5.2 Concluding remarks 

Hospitals have limited budgets, making the cost of an examination important. A whole-body MRI is 

much less expensive than a PET-CT, making the MRI desirable in cases when the result from the MR 

machine will be sufficient. Another important factor is that unlike CT, MRI does not use ionizing 

radiation which is known to increase the risk of developing cancer.   

To make the most out of the MRI results, an effective visualization of the data is important. The aim 

with this project was to develop an application that would present the whole-body MRI data in a 

more efficient way than the software used today, by introducing a fused image between the T1 and 

diffusion weighted images. The benefit with this fused image is something that needs to be examined 

properly. Plans for a thorough evaluation of that, as well as a comparison of the MRI image data to 

PET-CT data on detecting tumors in lymphoma patients, were already made by the time of initiating 

this thesis project. The results will be interesting for determining the value of further development of 

the application. 

An interactive MIP was also created, which can be rotated freely and points picked and zoomed in on 

in other viewports. This makes the diffusion weighted image data more accessible. The automatic 

assembling into a whole-body diffusion weighted volume and creation of the MIP saves time for the 

MR technician. The easy loading, with just choosing a directory, is relieving the radiologist of the 

drag-and-drop procedure for every image volume. 

Several of the available functions in Platinum needed to be adjusted or rewritten to suit the needs 

for this application. Keeping the functions as general as possible and making sure they still worked 

for other applications using the platform was time-consuming, but worthwhile. 

Because of the slow loading of the DICOM images and the partly slow interaction with the MIP, the 

goal with creating an efficient visualization application for whole-body MRI data was not quite met. 

For future work with the application, looking over the times issues, as well as how the interaction 

with the MIP is done, is important. The suggestions made by Dr Abdulqadhr during the testing 

concerning simultaneously update in certain viewports independently of in which the actual scroll is 

taken place, as well as an easy way to maximize a viewport, are two other things that could be good 

contributions to the application. 

With the proposed recommendations followed this can likely be a useful tool for radiologists 

evaluating whole-body images of lymphoma patients. 
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Appendix. Acronyms and expressions 

Axial/Coronal/Sagittal 

Medical terms for the different planes of the body; bottom-up, back-front and left-right, respectively. 

CT 

Computed Tomography. A rotating x-ray tube and a x-ray detector are used to create 3D images from 

2D x-ray slices of a body. 

DICOM 

Digital Imaging and Communications in Medicine. A commonly used image format for medical images 

that, besides the data, contains information such as patient name, type of examination etc. 

Diffusion 

The random motion of molecules. 

Diffusion weighted image 

An MRI image weighted by the diffusion of water molecules in the body. Areas with low diffusion are 

often rendered brighter than areas with high diffusion. 

DWIBS 

A protocol for creating diffusion weighted images with background signal suppression. 

FDG  

Fludeoxyglucose is a radioactive form of glucose commonly used as a tracer for PET scans. 

FLTK 

Fast Light Toolkit. A software library providing the graphical user interface for the platform used for 

this project. 

ITK 

Insight Segmentation and Registration Toolkit.  A library for segmentation and registration (alingning 

multiple images) and image file operations. 

MIP 

Maximum Intensity Projection. The voxels with the highest intensity values in a 3D volume are 

projected onto a plane. 

MPR 

Multi-Planar Reformatting. A technique used to generate views from other planes than the original 

one from multi-slice 3D image data of a body e.g. 

MRI 

Magnetic Resonance Imaging. A method for creating images of the inside of the body, often for 

medical purposes, using strong magnetic fields and radio waves.  

VTK 

The Visualization Toolkit. An extensive image processing, visualization and 3D computer graphics 

library. 
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PET 

Positron Emission Tomography. The gamma rays from a radioactive tracer injected into a patient is 

registered, giving information on molecular function and activity.  

Platinum 

An open source platform created to facilitate the development of image processing tools. 

T1 weighted image 

A type of MRI image, weighted in a way that makes fat appear bright and water dark. 

T2 weighted image 

A type of MRI image, weighted in a way that makes water appear bright. 

T2-STIR weighted image 

A type of MRI image weighted in a way that makes water appear bright and suppresses the fat so 

that this appears dark. 

 

 

 


