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1 GENERAL INFORMATION
1.1 Contact Data and Legal Information
1.1.1 Contact Data

Support

If you cannot find information you need in this guide, or if you have questions or problems, contact
Brainlab support:

Region Telephone and Fax Email

United States, Canada, Central and
South America

Tel: +1 800 597 5911
Fax: +1 708 409 1619 us.support@brainlab.com

Brazil Tel: (0800) 892 1217

UK Tel: +44 1223 755 333

support@brainlab.com

Spain Tel: +34 900 649 115

France and French-speaking regions Tel: +33 800 676 030

Africa, Asia, Australia, Europe
Tel: +49 89 991568 44
Fax: +49 89 991568 811

Japan
Tel: +81 3 3769 6900
Fax: +81 3 3769 6901

Expected Service Life

Brainlab provides five years of service for software. During this period of time, software updates
as well as field support are offered.

Feedback

Despite careful review, this manual may contain errors.
Please contact us at igs.manuals@brainlab.com if you have suggestions as to how we can
improve this manual.

Manufacturer

Brainlab AG
Kapellenstr. 12
85622 Feldkirchen
Germany

GENERAL INFORMATION
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1.1.2 Legal Information

Copyright

This guide contains proprietary information protected by copyright. No part of this guide may be
reproduced or translated without express written permission of Brainlab.

Non-Brainlab Trademarks

Microsoft® and Windows® are registered trademarks of Microsoft Corporation in the United States
and other countries.

Integrated 3rd-Party Software

This software is based in part on the work of the Independent JPEG Group.

CE Label

• The CE label indicates that the Brainlab product complies with the essential re-
quirements of European Council Directive 93/42/EEC, the Medical Device Di-
rective (“MDD”).

• According to the rules established by the MDD, Image Fusion is a Class IIb
product.

NOTE: The validity of the CE label can only be confirmed for products manufactured by Brainlab.
 

Disposal Instructions

Only dispose of electrical and electronic equipment in accordance with statutory regu-
lations. For information regarding the WEEE (Waste Electrical and Electronic Equip-
ment) directive, visit:
http://www.brainlab.com/en/sustainability

Sales in the US

US federal law restricts this device to sale by or on the order of a physician.

Contact Data and Legal Information
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1.2 Symbols

Warnings

Warnings are indicated by triangular warning symbols. They contain safety-critical
information regarding possible injury, death or other serious consequences associated
with equipment misuse.

Cautions

Cautions are indicated by circular caution symbols. They contain safety-critical information
regarding possible problems with the device. Such problems include device malfunctions,
device failure, damage to device or damage to property.

Notes

NOTE: Notes are formatted in italic type and indicate additional useful hints.
 

GENERAL INFORMATION
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1.3 Intended Use

Indications for Use

The Image Fusion Element can be used in all clinical workflows that require the co-registration of
image data. The device itself does not have specific clinical indications.

Intended User

The application is intended to be used by medical professionals and their assistants working in the
field of neurosurgery, traumatology and radiotherapy planning.

Place of Use

The Image Fusion Element is designed to be used in:
• A hospital office environment or at any other location offering a computer.
• An operating room/suite or in rooms appropriate for surgical interventions.

Plausibility Review

Before patient treatment, review the plausibility of all information input to and output from
the system.

Careful Hardware Handling

Only trained medical personnel may operate system components and accessory
instrumentation.

Responsibility

This application solely provides additional assistance to the surgeon or user and does not
by any means substitute or replace the surgeon’s or user’s experience and/or
responsibility during its use.

Intended Use
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1.4 Compatibility with Medical Devices
1.4.1 Brainlab Medical Software

Compatible Brainlab Medical Software

Image Fusion is compatible with:
• DICOM Viewer 3.0
• Content Manager 2.2
• Patient Selection 4.1
• Spine & Trauma 3D 2.5
• DICOM Proxy 3.3

Brainlab Software Updates

Other compatible Brainlab software may become available after the release of this user guide. If
you have questions regarding compatibility of the software contact Brainlab support.
If you are currently running software versions other than those specified above, contact Brainlab
support for clarification regarding compatibility.

GENERAL INFORMATION
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1.4.2 Non-Brainlab Devices

Authorization

Only authorized Brainlab employees may install software on the Brainlab system. Do not
install or remove any software applications.

Compatible Non-Brainlab Software

Image Fusion is compatible with:
• Microsoft Windows 7
• Microsoft Windows 8.1
• Microsoft Windows 10
• Microsoft Server 2008
• Microsoft Server 2012

For information regarding compatible service packs, please contact Brainlab support.

Only critical Microsoft Windows operating system updates are allowed. It is not
recommended to download or install updates during patient treatment.

It is recommended to protect the system with a state-of-the-art antivirus software. Be aware
that this can negatively affect the system performance e.g., real time scans (also known as
on-access scanning, background guard, resident shield, auto-protect) can slow
downloading and saving patient data.

Other Non-Brainlab Software

Only software specified by Brainlab may be installed and used with Image Fusion.

Compatibility with Medical Devices
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1.5 Training and Documentation
1.5.1 Training

Brainlab Training

To ensure safe and appropriate use, before using the system all users should participate in a
training program held by a Brainlab representative.

Supervised Support

Before using the system for surgical procedures where computer-aided navigation is considered
critical, perform a sufficient number of complete procedures with a Brainlab representative present
to provide guidance where necessary.

Responsibility

This system solely provides assistance to the surgeon and does not substitute or replace
the surgeon’s experience and/or responsibility during its use.

GENERAL INFORMATION
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1.5.2 Documentation

Reading User Guides

The user guides describe complex medical devices and software that must be used with care.
It is important that all users of system, instruments and software:
• Read the user guides carefully before handling the equipment
• Have access to the user guides at all times

Available User Guides

User Guide Contents

Software User Guides
• Overview of treatment planning and image-guided navigation
• Description of OR system setup
• Detailed software instructions

Instrument User Guides Detailed instructions on instrument handling

Cleaning, Disinfection and
Sterilization Guide Details on cleaning, disinfecting and sterilizing instruments

System User Guides Comprehensive information on system setup

Technical User Guide Detailed technical information on the system, including specifica-
tions and compliances

Training and Documentation
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2 USING IMAGE FUSION
2.1 Introduction
2.1.1 Overview

General Information

Image Fusion allows you to register a minimum of two image sets together, with the same or
different modalities (CT, MR, PET, SPECT).
Once two image sets are fused, they can be viewed synchronously. All planned content (e.g.,
objects and trajectories) defined in one image set is visible in any other fused image set.
Image Fusion proposes a fusion chain based on pre-defined pairing rules. For further information
contact Brainlab.
Image Fusion uses an algorithm to fuse the selected image sets. The algorithm matches two
image sets together with common anatomical structures for optimal fusion results. The two image
sets must be of a common area.
Automatic image fusion is suitable for most image modality combinations with the exception of
RGB image sets. In this case, the original scanner position (frame of reference) is available by
default. Manual adjustments are always available.
NOTE: Brainlab recommends using an image set containing a minimum of twenty slices of clear
anatomical structure. For further information refer to Brainlab Scan Protocols.
 

Rigid Fusion and Deformation

Inaccuracies in a rigid fusion can be caused by distortion within one of the image sets. You can
correct such distortion using Deformation. By doing so, a new image set is generated using a
deformable registration algorithm (elastic deformation).
An elastic deformation by definition is not uniform throughout the whole volume. This can mean
accurate deformation in your area of interest but inaccurate deformation in another part of the
brain.
You should carefully verify the new image set generated, based on its whole volume. The
verification tools available in the application are described in the following sections.
NOTE: Deformation is not available within a Spine workflow.
 

Deformation Availability

Deformation is optional and dependent on licensing and system configuration. For more
information, contact Brainlab support.

Reviewing Image Sets

The algorithm does not recognize fused distorted image sets and therefore provides less accurate
results. Always review the image sets selected. The larger the number of slices in the image set,
the better the fusion results.

USING IMAGE FUSION
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2.1.2 Image Fusion Workflows

General Information

Image Fusion can be applied within different workflows (e.g., when using Cranial or Spine
software).

Image Fusion for Cranial

Outlined below are the main workflow steps for Image Fusion within a cranial workflow:

Steps

1. Load the image sets.

2. Review the proposed fusion.

3. If necessary, modify the proposed fusion.

4. Select Deformation to correct distorted image sets (if applicable to your image set).

5. Review the fusion.

6. Review the Deformation (if applicable).

7. Approve the results.

8.
Exit the fusion using Done.
The fusion results are saved for further processing.

Image Fusion for Spine

Outlined below are the main workflow steps for Image Fusion within a spine workflow:

Steps

1. Load the image sets.

2. Define your ROI (region of interest).

3. Use Adjust to manually align your image sets.

4. Select Fusion to fuse the image sets together.

5. Review the fusion.

6. Approve the results.

7.
Exit the fusion using Done.
The fusion results are saved for further processing.

Introduction
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2.2 Starting Image Fusion

Select Workflow

Figure 1 

Step

Select your workflow:
E.g., Cranial > Planning.

Before You Begin

Use Patient Selection to select the patient and desired data. Refer to the Software User Guide,
Content Manager and Patient Selection for more information.

Modifying the data selection changes the fusion chain algorithm and the fusion.

Image Modification

NOTE: Modifying image sets outside Image Fusion when already in use can lead to corruptions
or inaccuracies.
 

USING IMAGE FUSION
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How to Start Image Fusion

Figure 2 

Step

Choose Image Fusion from the main screen of Content Manager.

Starting Image Fusion
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2.3 Image Fusion
2.3.1 Automatic Fusion

General Information

When you start Image Fusion in a cranial workflow, the software automatically fuses the selected
image sets by default. The images are fused together based on anatomical structures common to
both image sets.
The aim is to review the quality of the fusion results, and, if satisfactory, approve the fusion. The
fusion is saved by selecting Done.
NOTE: Automatic fusion is not available within a spine workflow. You must perform a fusion
manually.
 

NOTE: The fusion is based on common anatomical structures and is affected by brightness
variations within the image slices.
 

Automatic Fusion Example

Figure 3 

Fusion Options

Options

Approves automatic fusion on the current selection.
NOTE: Once a fusion is reviewed and approved, the approval status changes to
Approved.
 

Breaks the existing fusion into its two separate image sets.

USING IMAGE FUSION
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Options

Displays the next fusion pair.

NOTE: Modifying the data selection can lead to changes within the fusion. Always verify fusion
results.
 

NOTE: Fusions must be approved in order to use them later.
 

General Navigation Functions

Options

Displays the main screen of Content Manager.
The fusion results are not saved for further processing.

Returns to the previous step.
The fusion results are not saved for further processing.

Confirms the fusion status and continues to the next step.
The fusion results are saved for further processing.

Displays the data selection page. Data can be added or deleted from the data se-
lection process.
The fusion results are not saved for further processing.

Image Fusion
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2.3.2 Deformation

General Information

Inaccuracies within fusion results can still exist after manual adjustment or choosing ROI fusion;
such inaccuracies could result from distortion during image acquisition. You can choose
Deformation to obtain a better match between images.
Deformation creates a deformed image set that better matches the original image set.
The aim is then to review the deformed image set and potential contents that were present in the
image set, and if satisfactory, approve the fusion.
NOTE: The fusion is based on common anatomical structures and is affected by brightness
variations in the image slices and scan quality.
 

NOTE: Deformation is not available within a Spine workflow.
 

Recommendations

Image data for Deformation should contain the following, to ensure the best results:
• A minimum of 10 slices
• Full DICOM header information (indicating image parameters)
• Good raw image quality (e.g., high resolution, high contrast, minimal artifacts)

Image Modalities

Common imaging modalities like CT and MRI with several submodalities are supported for
deformation.
The following special modalities and sequence types are not supported:
• RGB images
• FA and ADC maps
• Phase and velocity maps
• Perfusion maps
• Spectroscopy images
• Gradient calibration scans
• FLAWS scans (fluid and white matter subtraction)
• Subtraction images and projections (Minimum/Maximum Intensity Projections)
• Data sets containing burned-in objects
• Data sets containing previously deformed images

USING IMAGE FUSION
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Deformation Workflow

Figure 4 
Deformation fusion is based on the original fusion of both image sets.

Steps

1.
Select Deformation from the menu.
A dialog opens.

2. Choose the image set.

3.
Select OK.
A progress bar is displayed.

4. Review and verify the Deformation fusion by toggling Blending/Spy Glass/Windowing
tools.

5. Select Approve.

6.
Select Done.
The deformed image set is saved.

Image Fusion
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Image Data Deformation

Figure 5 
Deformation deforms an existing image set, based on a reference image set. It allows cranial
distortion corrections.

Button Explanation

Returns to the Original fusion.

Starts the Deformation algorithm.

Do not use Deformation during surgery.

USING IMAGE FUSION
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Deformation Example

①

Figure 6 
When the Deformation algorithm is complete, the resultant image set is marked Deformed ①.

Image Fusion
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2.4 Verifying Fusion
2.4.1 Overview

General Information

Verification features available within Image Fusion are:
• Spy Glass
• Blending
• Windowing
• Toggling between both Original and Deformation fusions

Always verify the fusion results on the whole image set before approving and saving them.

USING IMAGE FUSION
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2.4.2 Spy Glass

General Information

Use Spy Glass to visually verify the accuracy of the image fusion for the whole image set by
moving it to the position of interest on the image slice.
This allows you to, e.g., view the shape or size of a tumor in two image sets at the same time.

How to Use Spy Glass for Original Fusions

① ②

Figure 7 

Steps

1. Select Spy Glass from the tool bar.

2.
The Spy Glass superimposes the second image set in a frame over the first image set.
The window ① can be positioned anywhere over the underlying image.

3. To re-size, drag the corners of the window to the desired area and shape.

4.
Scroll through the image slices using the arrow buttons ②.
NOTE: You can also use the mouse wheel to scroll.
 

5.
Double-click the main view to zoom in or out.
The position of the click defines the zoom center.

6. Review and select Approve Fusion.

7. Select Done when complete.

Verifying Fusion
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How to Display the Area of Interest Using Axial, Coronal or Sagittal Views

①

Figure 8 

Step

Move the target ① with the mouse/touch to focus on the area of interest.

USING IMAGE FUSION
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2.4.3 Spy Glass in Deformation Mode

General Information

Use Spy Glass to visually verify the accuracy of the deformation, by moving it to the position of
interest on the image slice.
This allows you to, e.g., view the shape or size of a tumor in two image sets at the same time.

Color Coded Deformation Matrix

When Spy Glass is selected within Deformation, a color coded deformation matrix is displayed
by default. It indicates the amount of deformation that occurs during image fusion.
NOTE: You can toggle the color definition matrix on/off by holding down the Shift key.
 

Example Deformation

The scale ① indicates the deformation amplitude from the original source data.

①

Figure 9 

No. Color Explanation

①
Blue Minimum deformation threshold

Red Maximum deformation threshold

Verifying Fusion
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How to Use Spy Glass in Deformation Mode

②①

Figure 10 

Steps

1. Select Spy Glass from the tool bar.

2.
Spy Glass superimposes the second image set in a frame over the first image set.
The window ① can be positioned anywhere over the underlying image.

3. To re-size, drag the corners of the window to the desired area and shape.

4.
Scroll through the image slices using the arrow buttons ②.
NOTE: You can also use the mouse wheel to scroll.
 

5.
Double-click the main view to zoom in or out.
The position of the click defines the zoom center.

6. Review and select Approve Fusion.

7. Select Done when complete.

USING IMAGE FUSION
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2.4.4 Blending for Original Fusions

General Information

To distinguish between the image sets:
• One is blue
• The other is amber

Blue and amber are complementary colors. If the two image sets display the same information,
the overlay is displayed as a grayscale image. Where it differs, the result is blue or amber.
Blending the two images highlights the area of interest.

How to Use Blending

②①

Figure 11 

Steps

1. Drag left or right across the viewing area with the mouse (or finger for
touchscreens) to adjust the blended image ①.

2.
Scroll through the image slices, using the arrow buttons ②.
NOTE: You can also use the mouse wheel to scroll.
 

3.
Double click the main view to zoom in or out.
The position of the click defines the zoom center.

4. Review and select Approve Fusion.

5. Select Done when complete.

Verifying Fusion
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Blending Example

① ② ③

Figure 12 

No. Component

① MR image (displayed in blue)

② Blended composite image

③ CT image (displayed in amber)

USING IMAGE FUSION
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2.4.5 Blending in Deformation Mode

General Information

Blending within Deformation follows the same principle as with an Original fusion, see page 28,
with the two image sets displayed using blue and amber.
In Deformation mode, Blending uses a yellow deformation grid by default, illustrating the amount
of deformation from the original image set using contours.
NOTE: You can toggle the deformation grid on/off by holding down the Shift key.
 

How to Use Blending with Deformation

① ②

③④

Figure 13 

Steps

1.
Select Blending and modify the blended image by dragging left or right
across the viewing area with the mouse (or finger for touchscreens) to ad-
just the blended image ①.

2.
Scroll through the image slices, using the arrow buttons ②.
NOTE: You can also use the mouse wheel to scroll.
 

3.
Double click the main view to zoom in or out.
The position of the click defines the zoom center.

4.
Analyze the deformation area by toggling and comparing the results from:
• Spy Glass ③
• The Original fusion ④

5. Review and select Approve Fusion.

Verifying Fusion
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Steps

6. Select Done when complete.

USING IMAGE FUSION
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2.4.6 Windowing

Windowing Example

① ②

Figure 14 
Windowing enables you to switch the order of your two chosen image sets to aid image viewing.

Step

Select Windowing ②, then choose your data ①.

Verifying Fusion
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2.4.7 Comparing Fusion Results

Comparison Example

①

②

Figure 15 
Compare fusion results by toggling between both Original ① and Deformation ② using the
menu buttons.

USING IMAGE FUSION
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2.4.8 Fusion Approval

Finalize Deformation Dialog

Figure 16 
You are prompted to finalize deformation fusions if any are unsaved.

Options

Finishes the approval stage and closes Image Fusion.

Returns to the main screen.

Fusion Approval Options

NOTE: Modifying the data selection can lead to changes within the fusion. Always verify fusion
results.
 

NOTE: Fusions must be approved in order to use them later.
 

Verifying Fusion
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Deformation Results

①

Figure 17 
On approval of a Deformation, a deformed image set ① is saved and the original is then
removed from SELECTED DATA.

If the deformed image set is B0 (as part of a DTI data acquisition), the whole DTI data set
(FA, ADC map) will also be deformed.

USING IMAGE FUSION
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2.5 Manually Adjusting Fusion Results
2.5.1 Re-aligning Images

General Information

If automatic fusion results are unsatisfactory, you can make manual adjustments.
Aligning the image set manually aids the fusion algorithm and improves initial results.
NOTE: Manual adjustment for Deformation is not available.
 

How to Re-align with Automatic Fusion

① ②③

④
Figure 18 

Steps

1. Select Adjust from the tool bar.

2. To move the image, drag with the arrow symbol ① until the amber image ④ is appropri-
ately positioned.

3. To rotate the image, drag with the curved arrow ② until the amber image ④ is appropri-
ately positioned.

4.
Scroll through the image slices using the arrow buttons ③.
NOTE: You can also use the mouse wheel to scroll.
 

5.
Double-click the main view to zoom in or out.
The position of the click defines the zoom center.

Manually Adjusting Fusion Results
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Steps

6. Select Fusion to run an automatic fusion after the re-alignment of the im-
age set.

7. Review and select Approve Fusion.

8. Select Done when complete.

How to Re-align with Manual Fusion

Steps

1. Select Adjust from the tool bar.

2. To move the image, drag with the arrow symbol ① until the amber image ④ is appropri-
ately positioned.

3. To rotate the image, drag with the curved arrow ② until the amber image ④ is appropri-
ately positioned.

4.
Scroll through the image slices using the arrow buttons ③.
NOTE: You can also use the mouse wheel to scroll.
 

5.
Double-click the main view to zoom in or out.
The position of the click defines the zoom center.

6. Review and select Approve Fusion.

7. Select Done when complete.

USING IMAGE FUSION
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2.5.2 Adjusting the Region of Interest

General Information

Use the adjustment functions to adjust the fusion area to include all relevant structures for
treatment.
Performing image fusion on a manually defined ROI (Region of Interest) restricts the fusion
algorithm to the ROI area. It enables higher fusion accuracy in a limited spatial area.
NOTE: The ROI process displays one image set at a time.
 

NOTE: This feature is not available for Deformation. Manual adjustment of the ROI has no
influence on the deformation result.
 

How to Adjust the ROI

①

Figure 19 

Steps

1. Select ROI from the toolbar.

2.

Adjust the frame ① so that it surrounds the area to be used as the fusion reference.
NOTE: Make sure that sufficient anatomical information is covered by the region of inter-
est in order to improve the fusion results.
 

The fusion ROI is not stored automatically when leaving the image fusion task. Approve
and save the fusion in order to avoid misinterpretation of results and to store for later use.

Manually Adjusting Fusion Results
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How to Start a Fusion

Step

After finishing a manual adjustment of a ROI, select Fusion.

NOTE: You must select Fusion to apply the fusion algorithm to the newly defined ROI.
 

How to Reset a Fusion

Step

If you have fused images and want to reset the images back to the initial scanner
coordinate system, select Reset.
NOTE: Using Reset allows you to return to the fusion available before entering Im-
age Fusion. If a ROI was defined to perform a fusion, the Reset action also deletes
the manually defined ROI.
 

Image Fusion does not display objects. Consider the impact of making modifications
within Image Fusion to pre-existing objects and other planning contents (e.g., points,
trajectories). Always verify the new position of objects and other planning content within
Smartbrush or DICOM Viewer.
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2.6 Changing Fusion Pairs

General Information

Image Fusion displays the first fusion pair for review and other available pairs.
Activating the Fusion Pair dialog gives you an overview of the fusion under review and the other
available pairs.
Two different functionalities are available to change the fusion pairs:
• Manual pairing using Edit
• Changing display orientation using Align

How to Select Pairs

Figure 20 

Steps

1. Select the Fusion Pair dialog from the tool bar to change which fusion pair is selected.

2. To select a different pair, highlight your preferred image pair.

Changing Fusion Pairs
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Fusion Pairing Example

①

③
②

④

Figure 21 

No. Components

① Fusion pair number

② Fusion type

③ Approval status

④ Approval status indicator

Types of Image Fusion

The fusion type is shown in the Fusion Pair dialog.

Fusion Type Explanation

Automatic Automatically calculated fusion based on structures common to both image sets
using a mutual information algorithm.

Manual Manual alignment or deformation algorithm of two image sets using reference
alignments stored within the image sets.

Scanner Image sets acquired during the same image acquisition session are automati-
cally fused and tagged as “Scanner”.

Not fused Manual alignment of two image sets where no reference alignments are stored
within the image sets.

Fiducial Fusion based on registration points from anatomical landmarks such as MR or
CT fiducials.

Registration Fusion based on manual registration marker points.
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How to Pair Manually

You can change the pairing of the image sets using Edit.

Figure 22 

Steps

1. Select the Fusion Pair dialog from the toolbar.

2. Select Edit from the Manual Pairing dialog to manually select the image
pairs to be fused.

3. Highlight the desired image pair.

4.

Select Use this Pair.
Image Fusion automatically fuses the new pair. The Fusion Pair dialog
closes.
NOTE: Select Cancel to return to previous menu.
 

NOTE: Every modification of the image set pairing causes modifications to the initial fusion chain.
When new data is available, the fusion algorithm runs again. The user needs to verify the results.
 

For more technical information on default fusion pairs, contact Brainlab support.

If the manually defined fusion pair conflicts with the already approved fusion, or the image
set selection is updated, the software automatically resolves the conflict by overwriting the
existing fusion. You must review the fusion again.

Changing Fusion Pairs
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How to Define Alignment

You can change the viewing orientation of a fusion pair using Align. This allows you to select the
image set that defines the view orientation.

Figure 23 
To change the orientation or define the alignment of your selected image set, perform the
following:

Steps

1. Select your image set in the toolbar.

2. Select Align from the menu.

3. Choose the image requiring alignment.

4. Select Confirm.
The image aligns automatically.
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2.7 Closing Image Fusion

Open Approvals

Figure 24 
The Open Approval dialog opens if you try to proceed without first approving a fusion.

Options

Allows you to proceed without fusion approval.

Allows you to go back and approve the fusion/fusions.

How to Close Image Fusion

Steps

1.
Finalize your current task by selecting Done.
Image Fusion saves your results for later viewing in the DICOM system.

2. Select Home from the functions menu.

3.
Select Exit from main screen of Content Manager.
NOTE: The approved fusion is saved.
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Saving Data on Shutdown

Always finalize your current task before closing the software. Always close the software
before shutting down the system. Data is not saved automatically if the system is shut
down without properly closing the software.
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Closing Image Fusion
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