











Fig. 18-1

Session Review Window.
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clicking in the list headings to change the display order.

The review display window uses a similar layout as the
perform window with a few changes.

e A new list, the session list, can be seen next to the
samples list. You can show or hide all the samples
from a particular session as a group in the image
views by enabling the show checkbox. You can show
one or multiple sessions by clicking on their respec-
tive show boxes.

e The samples list displays all the samples from a
session selected from the sessions list. Selecting
multiple sessions in the sessions List will add all
the samples from each highlighted session into the
samples list. This is distinct from showing or hiding
a sample in the image views. The samples list is to
allow you to selectively view the attributes of one
or more samples. Selecting another session in the
sessions list will affect what is shown in the samples
List, but not what is being displayed on the images.
Clicking Configure Columns... opens a window where
you can enable or disable the display of any attribute
in the samples list to simplify sorting on any one of
them.

e The target List will have all the targets created in
this project. You can display any of the targets in
the image views by enabling their respective show
checkbox.

EXAMINING THE DATA AND CHANGING ATTRIBUTES

Samples can be made visible or hidden using the show
checkbox. To show or hide all of the samples quickly,
select any sample, press &-a to select the entire list (or
shift-click or #-click to select a group from the list),
then cntrl-click or right-click on the list and select Show
Selected Samples or Hide Selected Samples from the
popup button.

When a sample is selected (and visible on any of the
image views), the sample will be highlighted by a red
bounding box. When multiple samples are selected, each
one is highlighted.

Selecting a sample in the samples List will display its
attributes under the samples list. Many of these attributes
were acquired when the sample was recorded, such as the
current target at the time and the EMG waveform (if you
were recording EMG). Many attributes are user selectable,
such as the colour and shape of the sample. These can

be changed at any time. Selecting multiple samples will
display the common attributes. Changing any of these
will be applied to all the selected samples.

The samples list represents a union of the samples from
the selected sessions. You can manipulate content of the
list display by clicking Configure..., and enabling and/or
disabling the available fields. You can display the samples
in the image views for comparison by clicking the show
checkboxes in the lists. You can also change the display
layout (as in any display window) to your preference by

clicking in the list headings to change the display order.

As was possible during the TMS session, you have access
to the inspector tool to customize the image view, change
the display attributes of the 3D surfaces as well as use
the motor maps feature.

CONVERTING A SAMPLE TO A TARGET

It is common for a target to be derived from the results
of a previous session. You can easily convert (copy) a
recorded sample into a target by dragging the sample
from the sample list into the target list. The Convert to
Target... button present while performing the session
performs the same function as dragging and dropping
them.

It is common for the recorded sample locations to have
a scalp or skull surface point as its origin while it is often
preferable to have the target's origin set somewhere in
the cortex. After creating the target as described above,
use the target positioning tool and nudge tool to nudge
the target into the cortex.

EXPORTING THE DATA

You can also export the targets or acquired sample

data to a text file for more detailed analysis. Select the
samples you wish to export from the list, then click
Export... to open the export dialog box (see Fig. 18-2).
Select the fields from among the data acquired to export.
You can also select the coordinate system in which to use
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for all coordinates. If you performed an atlas registra-
tion, then you can use atlas coordinates in addition to
the Brainsight and World coordinates. You can save the
anatomical landmarks used for registration (which can
be useful to co-register the data to another software
package), the targets and of course the samples gathered
during the session. Enter a file name (and navigate to the
desired folder), and then click Save.

Exported Data Format

If the selected coordinate system was set to Brainsight
coordinates, then the coordinates will be dependant on
the anatomical data set (see Fig. 18-3). All trajectories
contain 3 vectors, representing the orientation of the 3
axes of the recorded tool in the Brainsight coordinate
frame. Take note that the z axis of a tool pointing towards
the head will be pointing in the opposite direction.

Attribute description

All data are written as strings. It it is described as an
integer, it is implied that this is the format of the string.
Note that some attributes were added with newer
versions of Brainsight. If you are exporting a session that
was acquired with an older version, the newer attributes
may not be included since they were not recorded at that
time.

* Sample name [string.]: the name of the sample.

* Index [integer]: The index of the sample assigned in
the order of the creation of the samples. If samples
were deleted after they were created, the indexes are
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Fig. 18-2

Data export box.

The selected attributes of each sample will be
exported as a text file. The format is a straightforward

tab-delimited text file.

Save As: IExpcrted Session Data
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(_JNo targets
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session.

Coordinate system:

| Brainsight T




Fig. 18-3

Brainsight's internal coordinate system.

not reused.

Assoc. Target [string]: the name of the target that
was current at the time of the sample.

Crosshairs driver [string]: Name of the tool that
was being tracked when the sample was generated.
Possible values are Mouse, Pointer or the name of
the tracked tool given when it was calibrated.

Lox X (Loc Y & Loc Z) [float]. X, Y and Z values of the
location of the tracked tool at the time the sample
was taken.

mOn0 mOn1 moOn2 [float]: The orientation (direction
cosine) of the x axis of the tracked tool in the host
coordinate space. See for a description of the tracked
tool coordinate system and how to use the location
and direction cosines to assemble the tool to image
transform. This transform can be used to convert
points relative to the tool to points in the image
space (e.g. projections along the tool's z axis into the
head).

m1n0 mlnl m1n2: [float]: The orientation of the y
axis of the tracked tool in the host coordinate space.

m2n0 m2nl1 m2n2; [float]: The orientation of the z
axis of the tracked tool in the host coordinate space.

Dist. to target [float]: The straight line distance from
the coil reference point to the target.

Target Error [float]: The shortest distance from the
line projecting into the head along the tool's path.

* Angular Error [float]: The tilt error of the tool with
respect to the initial path to target.

e Date [string]: The date the sample was acquired in
YYYY-MM-DD format.

e Time [string]: The time (according to the system
clock) in HH:MM:SS. XXX were HH is the hour, MM
is the minute, SS is the second and XXX is the
millisecond.

You can perform the export more than once and switch
coordinate systems between exports to export the data in
multiple coordinate systems.
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Fig. 18-4

ILlustration of the relationship between the tool position
and orientation described by the Lloc and direction cosine
values. They can be assembled into a matrix to convert
coordinates relative to the tool into Brainsight, world or
atlas coordinate spaces. For example, to find the Brainsight
coordinate of a point 15mm under the tool, multiply the
transform matrix by the vector [0, 0, 15, 1].

excerpt from export

«.Loc. X Loc.Y Loc.Z mOnO mOn1 mOn2 m1n0 min1i m1n2 m2n0 m2n1 m2n2...

_mOnO min0 m2n0 Loc x_ I ) G ) X,
mOn1T min1T m2n1 Locy Y. Y.,
mOn2 min2 m2n2 Locz ’ Z . B zZ

0 0 0 1 1 1
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OPTIONAL TROLLEYS FOR THE VET ROBOT SYSTEM

Contact info@rogue-research.com for more details.

Trolley
Trolley for Customizable height
for stereotaxic apparatus
controller box

Drop down shelf

Fig. 18-5

Optional trolleys for the Vet Robot system.
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Fig. 18-6

Optional awake macaque robotic set up for electrode or
focused ultrasound preparations.

Contact info@rogue-research.com for more details.



One of the new features of Brainsight is the ability
to use the reconstructions of the skull and a CAD
file representation of an implant to generate a
customized version of the implant combining the
features of the original implant with the skull. This
new implant would better fit the skull because the
bottom of implant would be tailored to the local
shape of the skull. This should lead to reduced use
of bone cement, simpler implantation surgeries
with potentially reduced infection and rejection of
the implant.

Chapter 19: Special Application-Custom Implants

INTRODUCTION

One of the challenges in applying reliable implants on
the bone is accommodating the shape of the bone under
the implant. Failure to have a good fit of the implant or
the bone cement on the skull can lead to infection and
rejection of the implant.

One way to improve the fit of the implant is to etch out
the bottom of the implant to better match the local
shape of the skull. This has been done in the past by
using semi-custom shaped implants (e.g. chamber wells
with various angled cuts on the bottom) or in the case of
titanium fixation posts, by bending the legs to follow the
skull. These techniques have limitations in how precisely
the implant can match the skull.

Another method, when the facilities exist, is to use the
shape of the skull to create a customized implant. The
overall procedure is outlined in Fig. 19-1. This process is
typically done using CAD software. First, a 3D computer-
ized representation of the skull must be obtained. The
CAD software would allow you to display the skull and
to load another CAD file representing the implant. The
implant would be virtually placed on the skull, ensuring
that the implant is embedded in the skull. The part of
the implant that intersects into the skull is identified by
the software and subtracted from the implant. The result
is a new CAD file with the upper part of the implant
untouched, but the base sculpted to the shape of the
skull.
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Brainsight now includes this functionality to create
custom implants. If you have access to machine shop
facilities and the appropriate CAD software, you can use
Brainsight to generate the 3D skull reconstruction, place
the implant on the skull and finally etch out the skull
shape from the implant and save that as a new CAD file.

Fig. 19-1

How a custom implant is generated.

Implant
(blank)

Skull \ Skull
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ABOUT THE IMPLANT CAD FILE

The same requirements regarding file formats as
described in “Importing 3D Surfaces From Other
Software” on page 99 applies here. In addition, every
tool must define a point of origin and an orientation.
When designing an implant in your CAD software, make
sure that you orient the object so that the origin will

be on the bottom of the object with the axes aligned as
shown in Fig. 19-2.

Placed
Implant
(blank)

Custom
Implant

Skull

CREATING THE CUSTOM IMPLANT

The overall procedure of creating a custom implant is
similar to placing an implant as described in “Using
Chambers and Grids" on page 110 and illustrated in Fig.
19-3.

 Using your CAD software, create an implant
template which has the desired characteristics for

Fig. 19-2

Origin and axes requirements for custom CAD files.




your needs and has enough material on the bottom
to be embedded entirely in the skull.

ments. For example, if your implant is a chamber
well, make sure the grid will cover the brain region
you wish to record from.

the trajectory has been created, change its appear-
ance to the CAD file by clicking Shape->Other...
and selecting the same CAD file you were using

e Follow the steps outlined in Chapter 16 to place the
implant on the skull. Make sure that you use the
implant file as the crosshairs representation.

to represent the cursor. For clarity, change the
crosshairs appearance to something other than the
CAD file (so you don't have 2 overlapping identical
CAD objects) by clicking the Crosshairs-> popup
menu and selecting something other than the CAD
file (e.g. needle).

Select the cursor positioning tool. Using the nudge
tool, nudge the cursor down a bit at a time until the
implant base is completely embedded in the skull.
Select the cursor tool when the correct location has

» Place the implant on the skull and make sure you

have oriented the implant to meet your require-
been reached.

* Create a target by clicking New->Trajectory. Once
Click Clip... to generate the custom implant. Enter a

Fig. 19-3
The overall steps in creating a custom implant.

B: Place the implant on the skull as you normally would.
Use the usual tools to determine the optimal site for your
implant.

C: Use the nudge tool to lower the implant so that the base
is embedded in the skull.

A: Select New->Trajectory-> Shape->Other... and load the
template...
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file name at the prompt (see Fig. 19-4). Select the
reconstruction to use as the clipping solid by clicking the
Reconstruction to clip with-> popup menu, and selecting
the appropriate solid (e.g. Skull). Select the coordinate
system to use. Selecting Target's will export the faces

of the implant using a coordinate system shown in Fig.
19-2. If you plan on exporting a representation of the
skull as well, then select Brainsight or World coordinates
for both the implant (in this step) and for the skull

when exporting from the 3D reconstruction window.
This will yield files for both the implant and skull that
use a common coordinate system and will ensure that
the implant will fall in the same location in your CAD
software as is seen in Brainsight. Click Save to create the
implant file in the folder shown in the file save dialog
sheet.

e As afinal check, change the appearance of the
target by selecting Shape->Other... again, and load
the new implant file you just created. Once loaded,
zoom in close to the interface of the implant with the
surface and observe the agreement between the two.
It might be helpful to back the trajectory up off the
skull a few mm by:

 Select the target in the list.
* Click Go To to align the cross-hair to the target.
 Select the cursor positioning tool.

* Use the nudge tool to nudge the target back up.
Take note on how far you nudged by counting the

clicks, so you can nudge it back into place after.

 Bring your new CAD file to your machine shop
for manufacturing, or contact Rogue Research for
options with us manufacturing the implant for you.

Note that the algorithm does not always yield the expected
(or desired) results. Do not use on a skull reconstruction
with a hole in or the skull may end up fused with the
implant. In addition, closed solid custom implants for

the shape should be used for good clipping results. If you
choose (complete or partial) hollow custom implant for the
shape, then a good clipping result may not be guaranteed.

Fig. 19-5
Close-up of the custom implant showing the

agreement between the skull surface shape and
the bottom of the implant.

‘ Choose a location to save a clipped version of the target. The intersection between the target and the selec..

Save As:l \ | |z\
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Fig. 19-4
Clip save dialog with the reconstruction to clip
with selector at the bottom.
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Chapter 20: Hardware Reference- Surgical C-Clamp and Other Tools

An important part of the Brainsight neurosurgical SURGICAL CHAIR

system is the C-clamp head fixation system. The The surgical chair is designed to be used for non-human

C-clamp can be fixed to the surgical chair (for primates.

monkey) using the 2-segment arm, or directly to a Assembling the chair

surgical table for larger animals. This chapter will 1. Place the chair (see Fig. 20-1) on a secure table. If

describe the care and use of these parts. Familiar- the table is narrow, use two to four clamps to secure

ize yourself with the care and use of these tools the chair to the table.

before you attempt your first surgery. 2. Adjust the angle of the backrest to a reclined
position.

3. Place the cushions using Velcro™.

4. Double-check all screws and joint levers on the
chair to ensure they are secure.

5. Attach the first segment of the two segment
C-clamp holder to the chair by inserting the plain
hollow tube into the shaft on the chair's back and
secure it by tightening the two hex bolts using the
"T-bar" hex tool (see Fig. 20-2).

Placing the animal on chair

1. Place the animal in the adjustable chair in the
supine position (i.e. from completely horizontal to
a seated position). Ensure that all anesthesiology
equipment is well connected and functioning
properly. A heated pad may be placed between the
animal and the cushions.

2. Adjust the back rest angle to provide optimal access
to surgical site. Ensure that the four side handles are
tight and that the chair is secure.
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Placing the animal in the C-clamp

These procedures are to be used as a reference, and you
Fig. 20-1 may modify them to conform to your local protocols. It
will be helpful to have one assistant who is not sterile to
operate the parts that will be under the sterile drapes. In
general terms, the body of the animal will be non-sterile

Stainless steel surgical chair for non-human
primates, without accessories attached.

and under a sterile drape. The C-clamp holder arm will
be sterile at the C-clamp end, but fixed to the chair or
OR table at an unsterile location. The arm therefore

is the transition between the two. The variable will be

the head itself. It is usually impractical to sterilize the
entire head, however you will need to manipulate the
head while placing into the clamp, which is sterile. It is
generally considered acceptable to wash down the head
first, place the head in the clamp (the surgeon should be
double-gloved and remove one layer if they contaminate
themselves), and once the head is in the clamp, wash
down a second time to establish the final sterile field.
Once the animal has been anesthetized (we are assuming
you are intubating the animal and using a gas anesthetic
e.g. Isoflurane), position the animal to provide good
access to the head. If you are using the chair, raise the
animal so that the head is at or above the cutout of the
chair back.

1. Cover the body with a sterile drape, exposing the
head.

2. Perform a wash down of the head and establish an

initial sterile field around the head.

3. Ifusing the primate chair, attach the second

144 Brainsight e user vANUALv2S



segment of the fixation arm to the first segment
(that is already in the chair's backrest) using the
joining adapter. Take care to keep the top end of the
post sterile as it will be fixed to the C-clamp. Passing
the pole through a fenestrated drape may be helpful
in maintaining a sterile field.

or
If using the C-clamp arm (that fixes to the OR table's
accessory rail), have a non-sterile assistant slide
the fixation block onto the rail and lock it in place
by tightening the lever. Have a sterile person hold
the fixation arm from the top (sterile) end, and pass
the lower end to the assistant (perhaps through a
fenestrated drape), and guide it into the receptacle
of the fixation block. Take care to keep the upper
portion sterile.

Assembling the clamp

4.

Put the 4 butterfly nuts onto the four skull screws
and "twirl" them until they reach the other end of
the screw.

Taking into consideration the surgical site on the
animals head, the thickness of the skull and the
geometry of the C-clamp, decide which of the holes
(among the available locations along the clamp) are
the best locations for skull screws.

Place the four skull screws into the four holes of the
C-clamp.

Fix one of the starburst blocks to the clamp to be

Fig. 20-2

Close up of the joining adapter.

used to fix the clamp to the fixation arm. Picking

the hole closest to the center of the C-clamp ring is
usually the best place (see Fig. 20-3). Loosely place
the block onto the outer radius of the ring and align
the hole in the clamp with the bolt receptacle of the

block, but do not push the block into the clamp ring.

Pass the fixation bolt through the hole of the clamp
ring into the receptacle hole of the block. Using the
key tool, tighten the bolt into the block taking care
that the bolt is straight in the block. As you tighten
the bolt, the block will move into the C-clamp ring.

If you know where you will want to fix the tool guide

10.

11.

12.

13.

arm to the C-clamp, attach a second starburst block
to the C-clamp ring at this time using the technique
described in the previous step. You can re-locate the
starburst later if necessary, but it is easier to do it
now before fixing the head to the clamp.

Apply lubricant to each of the four skull pins, and
insert them into the ends of the skull screws.

Ensure that the skull screws are withdrawn from the
clamp enough to be able to insert the head into the
clamp.

While an assistant holds the animal's neck rigid,
bring the clamp over the head, and align it such
that it will be in the desired orientation on the head
after tightening the skull screws.

Carefully tighten the skull screws until they pierce
the scalp and come into contact with the skull. In
cases where the scalp and/or muscle is extremely
thick, make a small (stab) incision in the scalp to
allow the skull pin to make contact with the skull. It
is often easier to tighten two outer opposing screws
first (see Fig. 20-4), then to rotate the clamp and
tighten the remaining two (see Fig. 20-5).

Ensure that the skull pins are well away from thin
areas of the skull, including but not limited to the
area adjacent to the eye socket, the temporal area
or the sagittal sinus. Loosen the skull screws and

reposition if necessary.
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Fig. 20-3

Starburst block on C-clamp.

14. Ifusing a torque wrench, ensure that the torque
wrench is set to 2 ft-lbs and operating properly (not
jammed) and use it to tighten the skull screws to
ensure that the head is firmly fixed to the C-clamp.

15. Carefully move the C-clamp (and by extension the
head) and bring the C-clamp onto the starburst
receptacle on the end of the fixation arm. Tighten
the clamp onto the arm by tightening the latch at
the end of the arm.

16. If you are using the primate chair, adjust the
articulated arm and head clamp by loosening the
center joint to allow free movement of the upper
arm segment so that the animal is in a comfortable
position, the head is oriented to ensure unobstructed
breathing and provides good access to the surgical
site for the surgeon. Tighten the arm’s latch.

or
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If you are using the C-clamp and fixation arm,

adjust the final C-clamp location by loosening the
arm's fixation knob at the middle of the arm (WHILE
HOLDING THE ANIMAL'S HEAD), and adjusting

the location so that the animal is in a comfortable
position, the head is oriented to ensure unobstructed
breathing and provides good access to the surgical
site for the surgeon. Tighten the arm’s knob to fix the
location. Make sure the arm is secure before letting
go of the animal's head.

Fig. 20-4

Front skull pins in contact with the bone.

Fig. 20-5

Rear skull pins in place.

=17

18.

19.

If you are using a mouth-based fiducial marker
system, insert it now. Take care to minimize any
contamination of the sterile field, and to ensure

that the fiducial markers are not deflected from
their proper location and that the fiducial markers
themselves are still sterile, This will be difficult as
the mouth will not be sterile. Have a non-sterile
assistant place the bite-bar portion in the mouth
while NOT touching the fiducial markers themselves.
Should the markers become contaminated, take
care to sterilize the pointer tip after the registration
process as it will become contaminated when touch-
ing the fiducial markers.

Perform a final wash down and re-establish the
sterile field, if necessary.

While placing sterile drapes, take care to allow
access to the surgical pins during surgery, either by



the surgeon, or by a non-sterile assistant if the pins
are placed under the sterile drape to allow the skull
pins to be re-tightened if needed. Also, take care to
maintain access to any fiducial markers

Cleaning the clamp

The C-clamp, starburst blocks, skull screws and pins are

made of surgical stainless steel and anodized aluminum.
Wash them according to your standard protocols for such
materials.

Sterilizing the clamp

The C-clamp, starburst blocks, skull screws and pins are
made of surgical stainless steel and anodized aluminum.
They can be sterilized using any method typical for these
materials, including autoclave, "gas"” sterilization and
pressurized peroxide gas ("plasma”).

USING "KOPF" STYLE STEREOTAXIC FRAME FOR
SURGERY

Once the animal is secured in the stereotaxic apparatus,
attach the stereotaxic "kopf" adapter to one of the rails
(see Fig. 20-6).

There are holes on the adaptor to secure the subject
tracker in place with a hex rod.

Make sure the subject tracker is visible to the NDI position
Sensor.

In addition, the Brainsight surgical arm can be attached
to the adaptor using the starburst mechanism located on

the stereotaxic frame.

Make sure that the surgical arm and the subject tracker
do not collide.

Carry out the registration of the animal with the fiducial
markers as per usual (see Chapter 6).

Once registration is complete, be careful not to move the
adaptor otherwise the registration of the animal will need
to be repeated.

Fig. 20-6

"Kopf" style stereotaxic frame for surgery.
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