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Scoliosis is a congenital disease caused by a complex three dimensional deformity of
the spine. Traditionally, the disease is diagnosed by measuring the 2D angle between
two vertebrae in the coronal plane, the so called Cobb angle. Many methods have
been suggested to obtain a true measure of scoliosis in three dimensions. We suggest
a method inspired by automatic image registration techniques to describe the entire
curvature using 3D image data from spiral Computed Tomography. The method lets
the user view three orthogonal slices of the dataset and interact with them until they
match each other visually, thus obtaining information of the six degrees of freedom
for a rigid body transformation. This has been implemented in a program that could
be run on any computer. The output of the program is a description of the deformity
of the spine in the form of position and rotation of each vertebra. Comparison with
another metod for calculating vertebrae angles have been done. The other method
has a more automatic approach and gives a less detailed description of the full
deformity of the spine.
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1. Introduction
Scoliosis is a congenital disease implying that the spine is curved in an unnatural way in one or
more planes. Most scoliosis patients undergo repeated Xray exams, enabling the physician to assess
the degree of scoliosis and, based on this information, plan surgery or other treatment. The
traditional way of determining the degree of scoliosis is to use a twodimensional (2D) projection
radiograph and measure the angle, the so called Cobb angle, between two vertebrae with a
protractor.
There has long been a need to improve the methods of detemining the degree of scoliosis. Many
methods have been tried  it has even been suggested to estimate the curvature of the spine with
optical methods without using Xrays [Jaremko 2002, Batouche 1996].
Using modern radiology methods  Computed Tomography (CT) or Magnetic Resonance Imaging
(MRI)  it is possible to obtain a truly threedimensional (3D) image (image volume) of the spine,
with similar resolution along all three axes. Such images offer new possibilities to study 3D
anatomy, and could hopefully serve as the basis for practical and accurate methods to determine the
3D curvature of the spine.
Determining angles between two vertebrae can be seen as a registration problem. If we only has a
slice in 2D, this is quite straightforward, but in the 3D case it will be rather complicated, as there
are six degrees of freedom (three translations and three rotations) and the two structures to be
compared may vary considerably in size and shape. The registration problem can be addressed
either with automated or with interactive, visual methods.
These techniques for determining the deformation of the spine are not yet established to evaluate
scoliosis, but another application ﬁeld where medical image registration has already been used
extensively is multimodal brain imaging. The Computerized Brain Atlas (CBA) [Lundqvist 2001] is
an example of such an image registration software system. The CBA includes a strategy for ﬁnding
transformations with manual interactive image image manipulation operations. The operator simply
adjusts the parameters of the transformation (there are six linear and three scaling parameters and an
optional 18 second order parameters giving a total of 9 or 27 degrees of freedom) and observe the
resulting registration until he or she is satisﬁed. In addition, CBA contains a fully automatic
registration option.
This paper presents a software tool, TOP (Three Ortogonal Planes), utilising interactive, visual
methods for solving the registration problem. It enables the user to interact with the volume image
data in order to quantify all six degrees of freedom by visually determining when the fit between
two vertebrae is optimal. The project was first started in 2002. Ewert Bengtson at CBA, Uppsala
University, and Örjan Smedby at Linköping University Hospital have been my supervisors. For
different reasons the project was never completed back then. Lately, I decided to finish the project.
In the mean time, another thesis project was carried out [Hammarfors 2005] implementing another
method for measuring the severity of scoliosis. The method in this project is therefor compared with
Hammerfors' method in the method section.

2. Method and design of the tool
The idea behind the method was developed by Örjan Smedby. The output of the tool will be the
position and rotation of each vertebrae in the spine compared to a reference vertebrae. The position
is first determined and the rotation is determined by transformations.
In the transformations, we are comparing two vertebraes to find a translation that will make them
look similar. We are looking at the vertebrae from three different angles. This is a registration
problem (see 1. Introduction). There are significant differences in size and shape between
vertebraes. This pose difficulties for an automatic detection of the vertebraes, whereas a human user
can quite easily determine when the vertebraes look similar, since the human brain is designed to
find patterns and similarities. Therefor we are not using an automatic approach in our comparision.

2.1 Registration
An informal way to define registration is that it is the process of comparing two images. To make it
a little bit more precise, we could think of a function T that transforms an image Ii to Io, so that we
have Io=T(Ii). The transformation function T is chosen from a well defined set of functions U. For
the full definition see [Brown 1992]. In our case, the possible transformations are translation and
rotation. Scaling is not necessary for measurement of angles only. Our method is inspired by the
automatic registration problem of image analysis and we use the same terminology. But in this
method, we will not use the computer to do any direct measuring. This is because the problem is
rather easily solved by an experienced human user. Let us look at some general problems with
registrations taken from [Brown 1992] and see how they apply in our case.

2.1.1 Distortion
The images that will be compared are of two adjacent vertebraes, that are similar but not identical.
They can be seen as distorted images of each other. The distortions are of two types – those
depending on the fact that the vertebrae have different orientation compared to each other, i.e. the
distortion we want to describe using angles and position, and distortions depending on the fact that
different vertebrae have different sizes and shapes. The irregularities will make it difficult to find an
algorithm that can do the comparison. However for a human it will not be difficult to find the
approximate center and orientation of a vertebrae.

2.1.2 Discrete image data
Since the image data are discret, but will be rotated, there will be pixels in a slice of the image
volume we are looking at that will consist of parts of several different measured voxels. For the user
to get a good view we must interpolate. Read more about it in section 3.3.1 ”Interpolation”. This
will not introduce any significant error in our results, since the interpolation algorithms we can use
for this transformation is good enough that we will hardly be able to tell the difference in quality
between the original slice and the interpolated slice.

2.1.3 Ambiguity
Ambiguity is a common problem in this kind of application, but in our case we will not have those
problems since it is simple for an experienced person to distinguish between the different structures.
With an automatic approach it would be more difficult  see section 4.1.

2.2 Design
In our case IA and IB will be a collection of three perpendicular slices of the volume image from a
CT examination. Thus, each set of slices will be a representation of a coordinate system in the 3D
image. In the transformations, we neglect all variations due to differences in size and shape between
the vertebrae. Since this kind of variations between IA and IB will be quite large, it will be difficult to
find a good numeric indicator of the difference between them. Instead, we rely on the human eye to
decide which transformation is most suitable for matching the images. The search algorithm will
also be in the hands of the operator.
Another problem that motivates the use of an operator is the high noise level in the image. In view
of the risks inevitably associated with each Xray exposure [Levy 1996], any additional examination
with CT must use as small radiation dose as possible, resulting in volume images with a high noise
level. To completely avoid ionising radiation, an alternative could be to use MRI images as in
[Schmidt 1992]. However, the contrast between bone and soft tissue in MRI is much inferior to that
in CT. In either case, we will have uncorrected variation that will be an obstacle, especially for any
automatic method trying to register the slice.
One of the goals of the program is to ensure that it is fast and easy to use. The user must be able to
make many transformations, to get a clear picture of the vertebraes before deciding on the best fit.
Since the interaction by the user is crucial, it must have a low responsetime, and as the 3D images
contain large amounts of data, volume rendering methods are not considered practically useful.
What takes most time for the program to perform is the transformations, so the algorithms for the
interpolation needed for making the reformatted slice must be fast, and extra care should be taken so
that no extra updates of the slices are done.
To ensure that the program is user friendly, it should be accompanied by a simple user instruction:
The user should decide on a reference vertebra, then compare it with another vertebra, apply
suitable transformations and then move to the next vertebra. All interaction with the program should
be made with intuitive mouse movements.

2.2.1 User interface
The user interface is kept as simple as possible. Most commands are executed using a couple of
buttons on the left side of the frame.
Under the buttons are some controls to administer the different coordinate systems. Two radio
buttons will show if the active or the fixed coordinate system are being displayed. Some buttons are
used to change name of coordinate systems or create new coordinate systems.

2.2.1.1 Comparing
The central concept in the TOP addon is the comparison of the two groups of slices that are
representing the coordinate systems. This is a registration problem, where the user assess the
difference between them and then try to find a transformation that will make the slices of the
coordinate systems to look as similar as possible.
To aid in this measurement there are some different methods offered in the addon. The most simple
one is just to double click in the frame and to switch between the groups, but there also exists some
other methods.
●

●

●

●

Edge detection First a Soeber kernel is used to calculate the edges on the coordinate system
that is not displayed. Then a threshold is applied on the result with a threshold value equal to
highest value allowed in the grayscale window. Finally the resulting binary images are added
with a red colour to the corresponding slice on the active coordinate system.
Colour  A way of viewing two images at the same time is showing them in different
colours. The active coordinate system is shown with its slices in red and the fixed coordinate
system in blue. This method could be very effective in showing resemblances between
images. This because any resemblance in the slices will have a pale yellow colour.
Unfortunately since the uniformity of the vertebrae, resemblance will seldome be enouge to
give the yellow colour. Still it is a good help for looking at both coordinate system at the
same time.
Flip  It is often easy to see small differences between images if you are flipping between
them. If the orientation is not the same in the the fixed and the active coordinate systems,
you will see the vertebrae jumping when the coordinate systems are flipped. To get
automated flipping in TOP, push the button Flip and the program will show the slices in the
fixed coordinate system and then the slices in the active coordinate system. Each will be
shown about half a second.
Grid  A very good help to locate and compare different part of the vertebrae, is to put
gridlines on the frame. The gridlines is activated by pushing the Grid On button. The
gridlines are three, one in each dimension, so that two perpendicular lines are visible in each
plane. Each gridline has a colour. As an example: the red coloured bars in the axial slice, is
precisely where the sagital plane is cutting the axial slice.

2.2.1.2 Transformation
All transformations of the coordinate system is made by the user, by pressing a mouse key and
moving the mouse. The transformation are made in such a way that the user should get the feeling
that the slice is following the mouse.
●

●

Translate  To translate a slice press the right mouse button and move the mouse inside the
slice in question. If the mouse movement is bigger then the length of three pixels the image
will follow the mouse movement.
Rotating  To rotate a slice press the left mouse button and move the mouse around the
center of the slice. The slice will then rotate, following the mouse in steps that are multiples
of 0.01 radians.

2.2.1.3 Vertebrae
If an origin of a coordinate system is placed in the center of a vertebra, this coordinate system is the
TOP representation of the vertebra. The vertebrae represented by the fixed coordinate system is
called the fixed vertebra, the active coordinate system representation is called the active vertebrae
and so on. How vertebra should be positioned in a coordinate system is decided by comparing with
the fixed vertebra. To handle many vertebrae or coordinate systems the addon has some aiding
functions:

●

●

●

●

Active vertebra  The active coordinate system is the coordinate system where adjustment
will be applied. A coordinate system becomes the active one either by being chosen in the
list of vertebra or as being the first to be created. The active vertebra could always be
changed or renamed.
Fixed vertebra  The fixed system will be the displayed coordinate system when the TOP
addon is first started. It should be transformed so that a suitable vertebra becomes the fixed
vertebra. After the first adjustment of the fixed vertebra, it will not be possible to change it
any more by translation, since this is the fixed reference system all other vertebrae are
compared with.
New vertebra  A new rigid body representing another vertebra will be created with the same
properties as the current active vertebra. The new vertebra will be selected as the new active
vertebra.
Rename a vertebra  In the rename dialogue any name could be entered, if it is shorter than
80 characters. Unicode is not supported, but a local character set could be used. Two
vertebrae can not have the same name, so if a vertebra with that name is already present a
warning message will be displayed and the renaming will not be made.

2.3 Program output
The result from the TOP tool is that each vertebra will, after the registration process (comparing and
adjustment of the slices), have a measurement of position and rotations relative to the fixed vertebra.
The position and rotation measured for each vertebra is in the program called it's rigid body. The
measurements for the rotation will be given as the euler angles (see 2.3.1) and projected angles (see
2.3.2). TOP also gives the fixed vertebra's absolute position and rotation in the coordinate system
used in the volume images generated from CT. In that coordinate system the left corner on the first
image is taken as origin. The user will thus have a decription of the whole curvation of the spine in
the form of a set of rigid bodies, each representing one of the vertebrae of the spine.
When it comes to errors in the measurement, a smaller part will be because of transformations in
themselves, and the lion part will be due to uncertainty on which will be the optimal
transformations to make, i.e. how well the user set the rigid bodies.
Two different systems of angles are used. They are defined below. The results are also possible to
save to a text file. Also, the program could read from a text file to get back an old examination.

2.3.1 Euler angles
The Euler angles are commonly used in 3D graphic to represent rigid bodies. Many definitions
exist, but we are using this: Let V and W be two coordinate systems, then the Euler angles between
V and W is a, b, c if and only if W could be generated from V with this rotations:
•

•

Rotate V counterclockwise around it's zaxis with angle a and call the new coordinate
system V'
Rotate V' counterclockwise around it's yaxis with angle b and call the new coordinate
system V''

•

Rotate V'' counterclockwise around it's zaxis with angle c and the new coordinate system is
W

In TOP the a angle is called azimuth angle and b and c are called elevation angle and tilt angle. All
these angles are taken relative the fixed vertebra. Below are images showing the diffrent angles
(Figure 13). They are all marked as black cirkular curves.

Figure 1. Rotation from system V (blue) to system V' (red) gives the angle a (marked by a black arc).

Figure 2. Rotation from system V' (red) to system V'' (bluegreen) gives the angle b (marked by a
black arc).

Figure 3. Rotation from system V'' (bluegreen) to system W (pink) gives the angle c (marked by a
black arc).

2.3.2 Projected Angles
These angles are defined as the angle between the projection of different axes of the vertebrae
coordinate system down to the coordinate system we are comparing with.
•
•
•

The axial angle is the counterclockwise angle of the xaxis down to the xyplane.
The coronal angle is the clockwise angle of the zaxis down to the xzplane.
The sagittal angle is the clockwise angle of the zaxis down to the yzplane.

All angles are relative to the fixed coordinate system, except the angles for the fixed coordinate
system.

3. Implementation
We have implemented the interface for 3D angles detection in a program called TOP. The program
has been tested using a volume image of a spine of a scoliosis patient made with CT for a different
purpose. The image used had isotropic voxels, but in reality not all CT images have this and the
program is constructed to deal with images with unisotropic voxels as well.

3.1 SECTRA Addon
As the program is to be used in a hospital environment, it must be integrated into existing computer
systems. Today many hospitals have started to use picture archiving and communication system
(PACS) to handle radiological images from different modalities in digital form [ Saranummi 01]. We
have used a PACS from SECTRA AB (Linköping, Sweden). It is a system divided between server
and client. On the client side of system, it is possible to add an addon software. Since the SECTRA
client program is written for Windows 2000 and used a COM interface, we used the ATL library for
handling COM component, Win32 API for the user interface and C++ for lowerlevel coding. This
approach make it handy to use the program on an examination already in the PACS system
supported by SECTRA. The program is designed to work with isotropic voxels and if the image to
be examined does not have this, the program interpolates the voxels into isotropic before the other
transformations can start.

3.2 Stand alone
Since we needed, for effective development, a program that was not depending on any complex
infrastructure, a stand alone program was developed. It is using the QT library for GUI. The whole
GUI was reimplemented in the stand alone. Some things could then be implemented that was

impossible to implement in the addon version. Many functions are menues instead of buttons in the
stand alone. The program has been tested on Windows XP and Linux and should work, in theory, on
any system that support and has QT library 4.0 or later.

To get a version of the stand alone TOPprogram, please email to magnus.kronnas@gmail.com.

3.3 Internal algorithms of the program
For a user it may be of interest to know important steps in the process of obtaining slices. This could
be useful for determining what kind of errors that could be expected or why the program take so
long time to execute certain tasks.

3.3.1 Interpolate
Each slice in the program is built up by a plane upheld by two vectors. From the two vectors we
create a slice. If the point in our image matches exactly a point in our volume data, we will get a
slice that is as good as the original. Unfortunately, as soon as we start rotating the coordinate system
the points in the slices will fall between points in the volume set. We therefore need to do an
interpolation to find the best value for our points. When the user is rotating or translating frequently
the interpolation method that will be used is nearest neighbor. It is fast but the image will be
notabley grainier. If the user is not transforming the image for a couple of seconds, the addon will
apply cubic interpolation. It is much better than nearest neighbor but it will not be as fast as nearest
neighbor interpolation. Therefore the program could seem to freeze during the cubic interpolation if

the computer is slow and any other commands is given when the new interpolation is taking place.
The quality of cubic interpolation is very good and should be used when comparing slices.

3.3.2 Image reading
When the program is started all images with the lowest resolution in the image pyramid will be read
into the addon. Since an image stack could be 200 images or more, the dimension of the images
often is 512x512 and often "short" are used as datatype, the amount of data that must be read for this
volume is 100 mega byte. Depending on the computer, the network and where the image stack is
stored, this could take some time. During the image reading process a progress bar will show the
progress and hopefully make the waiting more tolerable.

3.3.3 Median filter
The median filter filters noise out of the image volume, to make the images look more smooth. It
has a 3x3x3 kernel and will be applied on the volume data. Since a median filtering in 3D will
needed considerable computations and take time, it will only be applied on a sphere with its origin
at the same place as the displayed coordinate systems origin, i.e. on the volume the user is currently
working on. The sphere will be large enough so that for any rotation of the coordinate system the
user will not see any unfiltered volume. The best way of using the median filter will be first to find
the vertebra of interest and then do a median filter for the fine tuning.

3.3.4 Test of the program
The program has been tested and shown to work as intended on data sets from patients undergoing
Xray exams for other purposes. No thorough investigating of how the outputs can be used in
practice has been done. The SECTRA plug in has been demonstrated for Örjan and found to contain
some bugs that has not been corrected. The stand alone version is working on the data set from the
hospital and has been demonstrated on the master thesis presentation.

4. Discussion
A problem with the approach used in this project to measuring scoliosis is that it involves CT, which
is a rather Xray intensive method. Since the patients are usually going through repeated Xrays it is
important that radiation doses are kept low, due to the risk of cancer. Any kind of new examination
must be approval by an etical committee.
Also because of the risks involved in Xray examinations, the only test data that can be obtained for
a project like this are data created as biproducts of examinations with other purposes. If this method
would be developed further and used, it would first need to be evaluated in a major investigation
where the results of this alternative method is compared with results from the traditional method for
several patients. That is obviously not in the scope of this thesis. Instead we compare our method
with another method, similar to the method described here but with a different way of solving the
problem of 3D assessment of the degree of scoliosis. After that we discuss more generally about the

method and what could be done to improve it.

4.1 Hammarfors masterthesis
During the time that this project was halted, in the fall of 2005, another student project
[Hammarfors 2005], by Jenny Hammarfors, was published as a master thesis. It had similar goals as
this project, as described in the introduction, was supervised by dr Hans Tropp at Linköping
University Hospital and had also support from SECTRA. Hammarfors was using C# and some
libraries from SECTRA to do the 3D and most of the visualising work, thus using more librarys and
having a better interface than we have in section 3.1, ”SECTRA Addon”. The metod developed in
Hammarfors' project is different from the method chosen for this project. Hammarfors' program
could be used manually by a user, but some automatic features has also been developed to support
the user. The output produced by the Hammarfors program is the curvature of the spinal canal and
the rotation of the most deformed vertebra (as determined by the user) compared to the highest and
lowest vertebrae of the spine.
Manual method  When the user starts the program she or he will see a multiplanar reconstruction
(MPR). There is also an overview of the whole sceleton in 3D. First the user gives the curvation of
the vertebrae by clicking in the MPRwindows and thus choosing points in the spine or more
precisely in the vertebrae body line. Then the user will choose three different vertebraes, the Upper
vertebrae, Apicial vertebrae, where the curvation is strongest and the Lower vertebrae. For these
three vertebrae the user will give the rotation in a plane ortogonal to the vertebra body line by
comparing it with a cross. The program will calculate angles that are defined similarely to the tilt
angle discussed in section 2.3.1 ”Euler angles”. It also gives translations and calculates the cobb
angle, which is similar to the coronal angle descriped in 2.3.2  ”Prodjected angle”.
Automatic method  As a complement, for easy calibration with the program, a couple of
automatic methods are included in Hammarfors program. If the starting and ending points are
known on the vertebrae body line, a path finding alogrithm that Hammarfors developed could be
used to find the curvation in between. Basically the vertebrae body line could been seen as a tube
where we try to find the middle by recursive calculations of the walls. By taking small steps, we go
from the start point to end point but always try to be in the middle of the tube. By interpolating, the
end result the curvation will be smoth. This method will fail if the degree of scoliosis is more than
90 degrees. Some automatic methods to be used when the curvation of the spine is known has also
been developed by Hammarfors. By following the vertebrae body line and looking at a normal plane
to it, a threshold could tell when we are between vertebraes. This information is used for
eZernickeasy navigation between vertebraes. To help finding the title rotation of the vertebrae, first
we find the midpoint of the vertebrae in a plane ortogonal to the vertebrae body line. This could be
difficult because of the similarity of tissue around the vertebrae. By comparing the vertebrae body
line with the center of the vertebrae, the rotation is found. Translation to the center of the MPR view
can also be made.

4.2 Conclusion and further discussion
The project has generated a program that can theoretically be used to assess the severity of scoliosis.

There has been a number of problems associated with the project: it took too much time to
complete, there was no detailed specification from the beginning of what was wanted, the program
was originally over designed, with a too complex problem description, with too many objects.
Often, in the code, a long chain of calling functions are needed, and this makes it time consuming to
find mistakes. Making the program communicate with the PACS was difficult and generated many
programming problems. The modul design of the project has been good.
The stand alone version of the program, that was not part of the PACS, has been very useful for
testing (and should have been developed earlier). Overall, I tried to make the program too flexible
and to make it handle situations that would never have been a problem in real life.
Compared to Hammarfors' method, her way of concentrating on the curvation of the spine and not
on every single vertebrae, makes it easier to develop an automatic method. In our method an
automatic method would have problems with distortion and ambiguity (see 2.1 Registration), due to
variations in the forms of the vertebrae. An automatic method might be an advantage, but also a
source of errors and uncertainties. Also, Hammarfors method gives a less complete understanding
of the full curvature and deformity of the spine. Whether the full information is needed or if the
output produced by the simpler method is enough is not evaluated.
Because of the severeness of the condition for the patient and the difficulties with the operations, it
is vital that any development of assessment methods will be done in the best possible way. To take a
new method inte use would first need a big research project where different methods were used and
evaluated on real patients by skilled orthopedians.
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Appendix A  Tutorial
This is a tutorial for the program TOP (Three Ortogonal Planes), which is a program for
determining the degree of scoliosis by describing the full curvature of the spine from a 3D image.
The program is an addon on the IDS5 client used with PACS, the hospital image system used eg. at
Linköpings University Hospital.
This section will guide you through a stepbystep introduction on how to use the TOP addon. We
are assuming that you already have a working installation of the program on your IDS5 client. If you
are missing the program in the popup menu you do not have TOP installed or it has been
incorrectly installed. You should speak with the administrator for the IDS5 program or read the
Installation guide below.

Starting the program
To perform an examination with TOP you must first select a suitable image stack of the spine.
1. Start the IDS5 program and log in as your normal user.
2. Go to the worklist that contains the patient and click on her or his entrance.
3. Double click on the examination containing the image stack of interest. Choose the image
stack so it is shown in the Image Window.
4. Then you right click on your mouse on the image. A set of icons will appear, click on the
menu icon. You could also just right click while pressing the SHIFT button on the keyboard
to come to the menu. Select Clinical Application on the menu and then TOP.
The program will get started. It will take a while before the program has read all images and you can
start using it, be patient.

Set up the fixed vertebra
When the program is finished it will show you a frame with three slices: The topright is the sagittal
slice, the topleft is the coronal slice and the bottomleft is the axial slice. On the left side of the
frame you have a number of buttons. Their functions will be described below. Under the buttons
there are two radio buttons labeled Coordinate system. When you start TOP, the fixed radio button
is marked. It means that we are viewing our 3D volume through the fixed coordinate system. This
coordinate system will be used as reference when we are measuring the vertebrae. You must first
find a good reference vertebra and place the centre of the coordinate system there.
1. You can move the slice up and down, by holding the right mouse button down and drag the
mouse. The image will follow your mouse movement. Be carefully not to move the mouse
too swiftly since it will make the image move jerky. Try to move the slices so that you can
see the whole spine in the axial view and then move the slices so that the vertebra you have
selected as reference will be in the centre of the slices.
2. It may be a good idea to have the symmetry axis of the vertebra parallel to the edge of the
slices. To do this you can rotate the vertebra by holding down the left mouse button and
circulate it around the centre of the slice. The slice and the coordinate system will then rotate
in the same way.

3. A good help when trying to adjust the coordinate system to the right position is to use the
grid on the frame. To add a grid to the frame you push the Grid button. The bars in the grid
has different colours, corresponding to the slice they represent. Each slice is crossed by the
other two slices and the bars are showing where.
When you are finished with the fixed vertebra, you double click on the image and you will change
coordinate system. Now you are looking at the coordinate system called the active coordinate
system. If you double click again you will get back to the fixed vertebra, but you will not be able to
make any changes.

Measure another vertebra
Decide which vertebra you want to compare with the fixed one.
1. Move the slices so that the vertebra is in the centre of all three slices.
You will now try to compare the active and the fixed vertebra. You want their centres to be in
the same place in the slices and their orientation to be the same. Since there is a big variation
in the shapes of the vertebrae it could be a very difficult task. The program has some tools to
help you. The grid function has already been mentioned. It is simple to use, only change
between the two coordinate systems and compare them relative the grid. You will now test
some other functions in the application.
2. Colour interference. Push the button labeled Color. The fixed image will be viewed in green
and the active one in red. If the coordinate systems are exactly the same, you will see a pale
yellow colour.
3. Flip. Push the button Flip. This will change which coordinate system you see two times a
second. If you do any changes they will be applied in the active coordinate system.
4. Edge detection. Push the button Edge detection. A simple edge detection algorithm will be
applied to the slices of the fixed coordinate system. All edges will be shown as red lines on
the slices of the active coordinate system.
• See which method you like most and compare the two coordinate systems with the different
methods in order to get the best result.

Measure more vertebrae and rename them
When you have measured your first vertebra, you may want to compare more vertebrae and you may
want to give them better names. To create a new vertebrae:
1. Push the New Vertebra button.
2. A new dialogue will appear where you type the name of the new vertebra.
3. Press OK and you should see your new vertebra chosen as active.
The new vertebra has inherited all properties from the former active vertebra. If you want to change
which vertebra is active, just click at the arrow beside the label with the name of the active
coordinate system. A list is shown where you can choose the vertebra you are interested in. If you
want to look at the measured angles, just push the Angle button. You will then see "Axial",
"Sagittal" and "Coronal" angles, these are projected angles, they are the difference between the
fixed and active vertebra on each slice.

Save and load your data
When you have ended the examination of the vertebrae, you should save your measurements to be
able to use them in the future.
1. Click on the Save button.
2. Find a directory and choose a name as usual.
3. Press OK and your measurements have been saved to the disk
4. To view the saved file, use a text editing program like Notepad.
You can then in the file see your vertebrae in a list with position and angles (Projected and Euler). If
you want to open a saved file, you push the Open button and select a file previously created by the
TOP program. This could be handy if you want to examine another set of data from the same patient
on a later occasion. This describes most functions of the TOP program. If you want a more detailed
description on how things work, you should read the reference documentation. Have fun!

Installation
To install the addon the rsSE2.dll file is needed. Put it in a convenient directory and open the Run
program. Write: regsvr32.exe (path to rsSE2)/rsSE2.dll To uninstall the TOP addon, find the
rsSE2.dll. Then open the Run program and write: regsvr32.exe u (path to rsSE2)/rsSE2.dll
After this remove the rsSE2.dll.

