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Stereotactic Device

The present disclosure relates to a stereotactic device.

A stereotactic device is used in techniques for surgical treatment or scientific
investigation that permit the accurate positioning of probes or similar instruments
inside the brain or other parts of the body (such as the spine, lung, liver, pancreas,
and prostate). In stereotactic neurosurgery, a neurosurgeon will often have to insert
instruments to targets within the brain with millimetre or even sub-millimetre
accuracy. The success of stereotactic functional neurosurgery is highly dependent
on the accuracy with which neurosurgical instruments, such as electrodes or
catheters or other types of implant, can be guided to a predetermined target site of
the brain. Stereotactic devices can also be used to target specific points within the

body non-invasively, for example using ionising radiation.

Stereotactic head frames for use in precision guided neurosurgery are known. Such
head frames provide an external, three-dimensional frame of reference, for example
based on a Cartesian or polar coordinate system, for locating points within the brain.
The head frame has head-holding clamps, pins and bars which places the head into a
fixed position relative to the coordinate system. The fixed position can be
determined for example by use of Computed Tomography (CT) scanning of the
head and frame with CT-opaque fiducials on or attached to the frame. With the
frame secured to an operating table, the frame can be used to guide surgical

instruments accurately to target particular points within the brain.

There are several known types of stereotactic frame systems. With a simple
orthogonal system, the probe is directed perpendicular to a square base unit fixed to
the skull. These provide three degrees of freedom by means of a carriage that
moved orthogonally along the base plate or along a bar attached parallel to the base
plate of the instrument. Attached to the carriage is a second track that extended

across the head frame perpendicularly.
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With a burr hole mounted system a limited range of possible intracranial target
points is enabled via a fixed entry point. Such a system provides two angular
degrees of freedom and a depth adjustment. The surgeon could place the burr hole
over nonessential brain tissue and use the instrument to direct the probe to the target

point from the fixed entry point at the burr hole.

With an arc-quadrant system, a probe is directed perpendicular to the tangent of an
arc (which rotates about the vertical axis) and a quadrant (which rotates about the
horizontal axis). The probe, directed to a depth equal to the radius of the sphere
defined by the arc-quadrant, will always arrive at the centre or focal point of that

sphere.

One specific type of stereotactic device is the Leksell® frame produced by Elekta
AB, Sweden, which includes a base ring attachable to the base of the skull. The
base ring can be locked to an operating table to immobilise the head and various
neurosurgical instruments can also be secured to the base ring. Once the base ring is
attached to the subject’s head and has been imaged it acts as a platform of known
position relative to the head. The base ring can thus be used as a reference position
for acquired images and a platform from which instruments can be stereotactically

guided to the required target site or sites in the brain.

Another type of stereotactic device is the Cosman-Roberts-Wells (CRW®) frame.
Like the Elekta Leksell frame the Radionics CRW® stereotactic frame is comprised
of a series of three linear axes (x, y, z), an arc which can rotate about the horizontal
axis and a tool holder which is mounted to and moveable along the arc and which
holds implements perpendicular to the tangent of the arc. By adjusting the linear
axes of the frame, the user is able to move the centre point of the frame arc, with
implements fed through the tool housing being set on a trajectory to the centre point
of the arc. The stereotactic frame is attached to a human patient through a
connection to a base ring platform. This platform is positioned over a subject’s head

and through it numerous pins or bolts are fed until contact is made with the subject’s
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head, compressing and locking the two together. Once this base frame is in place,
the stereotactic device can be mounted and locked into place using a series of three

cam locks.

Because of the different anatomies involved, stereotactic devices produced for use
on humans are quite different to those produced for use on animals, both in terms of
size and in terms of the means of attaching the frame to the subject’s head. For
example, an animal-specific stereotactic device might be smaller than a human-
specific stereotactic device. Also, the shape of the skull, as well as the type,
position and orientation of features on the skull that offer suitable attachment points
to a stereotactic device are very different from an animal to a human, and
accordingly a very different type and arrangement of attachment features are
required in a stereotactic device suitable for use on an animal (herein referred to as
an animal stereotactic device) compared to a stereotactic device suitable for use on a
human (herein referred to as a human stereotactic device). For example, in small
laboratory animals the features on the skull that might offer suitable attachment
points could be bone landmarks which are known to bear a constant spatial relation
to soft tissue. Such bone landmarks could be the external auditory meatus, the
inferior orbital ridges, the median point of the maxilla between the incisive teeth, or
the bregma (confluence of sutures of frontal and parietal bones). On the other hand,
in humans, suitable attachment points might be intracerebral structures which are

clearly discernible in a radiograph or tomograph.

The present applicant proposes a system that enables a standard human stereotactic
frame to be used with animals (i.e. animals other than humans, or non-humans).
This is advantageous because it allows a surgeon to practice a surgical technique

first on animals, and to use the same equipment during actual surgery on humans.

More particularly, an adapter is proposed for a human stereotactic device to adapt
(having features which adapt) the human stereotactic device for use with or on an
animal. With such an adapter, a standard human stereotactic device (i.e. an

unmodified or substantially off-the-shelf human stereotactic device) can be used
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with animals. With such an adapter, no meaningful or significant customisation of
the stereotactic device itself is required. In this way, a customised adapter can be
produced to suit the intended subject, for use with a standard human stereotactic
device, rather than having to make difficult, costly, time-consuming and animal-
specific customisations to the stereotactic device itself. If a stereotactic device has
been customised in any meaningful or significant way to enable it to be used for a
particular animal, then that stereotactic device is not a ‘human stereotactic device’
within the context of this disclosure; rather, it is an animal stereotactic device
because it has been tailored for a specific (non-human) animal or type of (non-

human) animal.

The adapter may have at least one skull (or head) attachment feature for attaching
the adapter to the skull (or head) of an animal, and at least one device attachment

feature for attaching the adapter to the human stereotactic device.

The at least one skull attachment feature may be configured so as to be locatable
onto features on the skull of the animal for which the adapter is designed, those

features on the skull being ones that offer suitable attachment points for the adapter.

The animal may be a non-human primate, such as a monkey, for example a Rhesus

monkey.

Different adapters, with a different type and/or arrangement of skull attachment
features, may be provided for use with the same stereotactic device but with or on

different respective animals or types of animal.

The stereotactic device may comprise a frame member with an opening which at

least partly encircles or surrounds the head of a subject when in use.

The stereotactic device may comprise at least one guiding feature for guiding a
surgical instrument into the subject’s head. The stereotactic device may comprise at

least one position setting feature for setting the position and/or orientation of the
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guiding features so that a surgical instrument can be stereotactically guided towards
a specific point in the subject’s head. Depending on the type of stereotactic device,
these position setting features may comprise guide bars and/or guides and/or
rotation joints that offer adjustment in a number of degrees of freedom to achieve a
desired position and/or orientation of the guiding features, thereby allowing a
surgical instrument to be guided precisely towards and to a target point. The
coordinates of the target point can be determined for example from a CT, Magnetic
Resonance Imaging (MRI) or similar scan. For example, the guide bars and/or
rotation joints may provide adjustment in at least some of the x, y, z and polar
directions. The features may comprise high precision vernier scales which would
allow the neurosurgeon to position the surgical instrument inside the brain at the
calculated coordinates for the desired structure, for example through a small drilled

or trephined hole in the skull.

Instead of or in addition to vernier scales, linear or rotary encoder scale systems (for
example of the type made by Renishaw®) could be used for additional accuracy.
For example, an absolute or incremental linear encoder scale and associated
readhead could be used to measure movement of the parts that move in a linear (or
arc-like) fashion, while an absolute or incremental rotary encoder scale and

associated readhead could be used to measure rotation of rotation joints.

The device’s frame member may be substantially rectangular, for example

substantially square.

The stereotactic device may be any type of stereotactic device that is suitable for use
on a human. The stereotactic device may be generally sized to be suitable for use on
an adult human. An adult human head is typically between 13cm and 16cm wide
and between 18cm and 24cm long. Accordingly, to accommodate such a head and
any attachment features for attaching the adapter to the skull, a width of the opening
of the device’s frame member may be at least 17cm, more preferably at least 20cm,
and more preferably at least 23cm. A length of the opening of the device’s frame

member may be at least 17cm, more preferably at least 20cm, more preferably at
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least 23cm, and more preferably at least 26¢cm.

The adapter may comprise a frame member with an opening which at least partly

encircles or surrounds the head of a subject when in use.

The opening of the adapter’s frame member may be smaller than the opening of the
device’s frame member, which would be appropriate for example to animals with a
smaller head size than humans. However it is also possible that such an adapter can
be made for animals with a larger-than-human head size. This is because the
animal’s head could for example be positioned with only the crown of its head
within the opening of the device’s frame member. In that case, the opening of the
adapter’s frame member might actually be larger than that of the device’s frame
member (to accommodate and at least partly encircle or surround the larger head).
In that case, the at least one device attachment feature would space the adapter’s
frame slightly away from the device’s frame (e.g. using posts) so that the larger part
of the head is away from the opening of the device’s frame. This would still allow
the human stereotactic device to attach to the larger adapter without modification of
the human stereotactic device because the same device attachment configuration can
be used as that for attaching the human stereotactic device to a standard base ring or
base ring platform designed specifically for the human stereotactic device.
Supplementary, supporting software can be used to shift the arc centre of human
stereotactic frames. In this way the arc centre of the frame can be positioned below
the base ring of the frame while maintaining the intended trajectory; this would be

of use, for example, with larger animals where the frame does not fit over the head.

The lateral dimensions of the opening of the adapter’s frame member will depend
upon the animal on which the adapter is intended to be used. For example, at least
one lateral dimension (width and/or length) of the opening of the adapter’s frame
member may be less than 24cm, and more preferably less than 20cm, and more

preferably still less than 18cm.

The adapter’s frame member may be securable to the device’s frame member.
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The at least one skull attachment feature need not attach directly to the skull but
may instead locate onto or into features of the subject’s head or face (such as eye
sockets or ear canals). The at least one skull attachment feature serves the purpose
of holding the skull in a substantially fixed relationship to the adapter. The at least
one skull attachment feature can be referred to instead as at least one skull or head
positioning feature for positioning and/or holding the skull or head in a fixed

relationship to the adapter.

The at least one skull attachment feature may comprise at least one pin.

The at least one skull attachment feature may comprise at least one clamp.

The at least one skull attachment feature may comprise at least one bar.

The at least one skull attachment feature may comprise at least one strap.

At least of the at least one skull attachment feature may be moveable on a slideable

member to adjust for different sized subjects.

The at least one device attachment feature may comprise one or more bolts, straps,
screws or pins, or a combination thereof. The at least one device attachment feature
may comprise kinematic (or quasi kinematic) mounting features. As will be
understood, and as for instance described in H. J. J. Braddick, “Mechanical Design
of Laboratory Apparatus”, Chapman & Hall, London, 1960, pages 11-30, kinematic
design involves constraining the degrees of freedom of motion of a body or feature
using the minimum number of constraints and in particular involves avoiding over
constraining. The use of kinematic (or quasi kinematic) mounting features would
enable the adapter to be re-mountable repeatably onto the stereotactic device in the

same position relative to the stereotactic device.

The at least one device attachment feature is or are preferably substantially the same
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as or equivalent to or compatible with the at least one attachment feature which
would be provided on a standard base ring or base ring platform (or similar head-
fixation frame or component) provided as standard for attachment to the human
stereotactic device and for holding the human subject’s head in a fixed relationship
to the stereotactic device. This allows the human stereotactic device to attach to the
adapter without modification because the same attachment configuration is used as
that for attaching the human stereotactic device to a standard base ring or base ring
platform (or similar component) designed specifically for the human stereotactic

device.

Although an adapter is described for adapting a human stereotactic device for use
with or on an animal, it will be appreciated that this concept is applicable also to
adapting a stereotactic device between other kinds of use type. For example an
adapter can be provided for adapting an animal stereotactic device for use with or on
a human. Or an adapter can be provided for adapting a stereotactic device for one
kind of animal for use with or on another kind of animal. Or an adapter can be
provided for adapting a stereotactic device for adult humans for use with or on

younger humans.

Although the concept is described mainly in relation to use on a head of the subject,

the adapter concept is equally applicable to use on other parts of the body.

A stereotactic device can be considered to be a device that has position setting and
guiding features which permit the accurate positioning of surgical instruments inside

the brain or other parts of the body.

The stereotactic device may be a CRW® or a Leksell® stereotactic device, or any

other suitable type of stereotactic device.

The term ‘surgical instrument’ used herein is not intended to imply any limitation on
the type of instrument that can be used. It would encompass invasive instruments

such as probes, drills, electrodes and catheters, as well as non-invasive instruments
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such as beams of ionising radiation.

The adapter may be referred to as a fixation frame or a head-fixation frame.

The adapter may be provided on its own, or may be provided with the human

stereotactic device, for example as a kit.

Reference will now be made, by way of example, to the accompanying drawings, in

which:

Figures 1 to 5 are perspective views of an adapter for a human stereotactic device,
with Figures 1, 2 and 5 also showing an example of a fiducial arc (or array) for

attachment, or attached, to the adapter;

Figure 6 is an exploded view of the adapter, showing certain components more

clearly;

Figure 7 is a perspective view of the adapter, below a frame member of a human

stereotactic device to which the adapter is to be fitted;

Figure 8 is a perspective view of the adapter fitted to the frame member of the

human stereotactic device;

Figures 9 and 10 are pictures from different angles of the adapter fitted to the human

stereotactic device;
Figure 11 is a picture of the adapter with fiducial arc attached,;
Figure 12 is a picture of the adapter within the frame of the stereotactic device,

showing how attachment features of the adapter are adapted and arranged to hold an

animal skull in position;
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Figure 13 is a perspective view of another suitable adapter for a human stereotactic

device; and

Figure 14 is a perspective view of the adapter of Figure 13 fitted to the frame

member of the human stereotactic device.

The drawings illustrate a system that enables a human stereotactic frame to be
adapted for use with animals. More particularly, the drawings illustrate an adapter
10 for a human stereotactic device 20. As described below, the adapter 10 has

features which adapt the human stereotactic device 20 for use with or on an animal.

The adapter 10 illustrated in the drawings has a plurality of skull attachment features
14 for attaching the adapter 10 to the skull 40 of an animal, and at least one device
attachment feature 16 for attaching the adapter 10 to the human stereotactic device
20. As illustrated most clearly in Figure 12, these skull attachment features 14 are
particularly configured for attachment to features of an animal skull 40, and would

not generally be suitable for attachment to features of a human skull.

As illustrated in Figures 7 to 10 and 12, the stereotactic device 20 comprises a frame
member 22 with an opening 23 which at least partly encircles or surrounds the head
40 of a subject when in use. The stereotactic device 20 comprises guiding features
25 for guiding a surgical instrument 29 into the subject’s head 40. The stereotactic
device 20 comprises position setting features 27 for setting the position and
orientation of the guiding features 25 so that a surgical instrument 29 can be
stereotactically guided towards a specific point in the subject’s head 40. Depending
on the type of stereotactic device, these features 25, 27 may comprise guide bars
and/or rotation joints that offer movement in a number of degrees of freedom to
allow a surgical instrument to be guided precisely towards and to a target point. The
coordinates of the target point can be determined for example from a CT or similar
scan. For example, the guide bars and/or rotation joints may provide adjustment in
at least some of the x, y, z and polar directions. The features 25, 27 may comprise

high precision vernier scales (or, as described above, encoder scales) which would
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allow the neurosurgeon to position the surgical instrument inside the brain at the
calculated coordinates for the desired structure, for example through a small drilled

or trephined hole in the skull 40.

The device’s frame member 22 may be substantially rectangular, for example
substantially square. The stereotactic device 20 may be any type of stereotactic
device that is suitable for use on a human. To accommodate a typical adult human
head and any attachment features for attaching the adapter to the skull, a width ‘W’
of the opening of the device’s frame member 22 may be at least 17cm, more
preferably at least 20cm, and more preferably at least 23cm. A length ‘L’ of the
opening of the device’s frame member 22 may be at least 17cm, more preferably at

least 20cm, more preferably at least 23cm, and more preferably at least 26cm.

The adapter 10 comprises a frame member 12 with an opening which at least partly
encircles or surrounds the head 40 of a subject when in use. In this example, the
opening 13 of the adapter’s frame member 12 (see Figure 6) is smaller than the
opening of the device’s frame member 22 (see Figure 8). The lateral dimensions of
the opening of the adapter’s frame member 12 will depend upon the animal on
which the adapter is intended to be used. For example, at least one lateral
dimension (width ‘W’ and/or length ‘L") of the opening of the adapter’s frame
member 12 may be less than 24cm, and more preferably less than 20cm, and more

preferably still less than 18cm.

The adapter’s frame member 12 is securable to the device’s frame member 22. For
this purpose, the at least one device attachment feature 16 may comprise one or
more bolts, screws, pins or cam locks, or a combination thereof. The at least one
device attachment feature 16 may comprise kinematic (or quasi kinematic)

mounting features.

The illustrated adapter 10 has skull attachment features 14 in the form of pins for
attachment to opposite sides of the skull 40, a bar for placement inside the mouth of

the subject, and two pins for placement into respective eye sockets of the subject’s
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head 40. Each of the skull attachment features 14 in the illustrated example is
moveable on a slideable member to adjust for different sized subjects (one each for
the side pins and another for the bar and eye socket pins). Each slideable member is

securable in position by for example a bolt or clamp.

Figures 1, 2, 5 and 11 show a fiducial arc 30 for attachment to the adapter 10. With
the fiducial arc 30 attached to the adapter 10, the position of the subject’s head 40
can be determined relative to the adapter 10 (and relative to the device 20 with
appropriate device attachment features 16, 26 such as kinematic features) by use of
CT scanning of the head 40 and adapter 10 and making use of CT-opaque fiducials
32 set in known positions (with a known geometry) within the fiducial arc 30.
Instead of CT, any suitable imaging technique could be used, such as MRI,; in each
case the fiducials 32 would be configured so as to be visible to the imaging device

being used.

Figure 13 illustrates another example of an adapter for a human stereotactic device.
Detail of certain parts of Figure 13 are also inset below the main illustration. Figure
14 shows the adapter 10x of Figure 13 fitted to the frame member 22 of the human
stereotactic device. The adapter 10x of Figure 13 is similar to the adapter 10
described above and illustrated with reference to Figures 1 to 12, with like reference
numerals referring to features with like functions, and a detailed description of the
adapter 10x of Figure 13 is not therefore necessary. The adapter 10x of Figure 13

differs from the earlier-described adapter 10 in the following respects.

The frame member 12x of Figure 13 is securable to the stereotactic device’s frame
member 22 (see Figure 14) via device attachment features 16a, 16b. Whilst in the
previously-described example these were described as comprising one or more
bolts, screws, pins or cam locks (or a combination thereof), in the Figure 13
example the device attachment features 16a, 16b each comprise a slot slider
arrangement, with a pin or ball 26 (see Figure 7) on the underside of the frame
member 22 fitting into the enlarged part of the slot slider aperture, and sliding

underneath the narrower part of the slot slider aperture, with the pin or ball 26
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trapped within the slot in a manner that is well known in other applications of the
slot slider arrangement. At least one of the device attachment features 16a, 16b (the
one illustrated as 16a in Figure 13) also comprises a bolt for securely holding the pin

or ball 26 in place within the slot slider and to prevent it sliding out unintentionally.

The device attachment features 16a, 16b of Figure 13 are advantageously coupled
with spacer wedges 18a, 18b, which act to ensure a tight coupling between the
frame member 12x and the frame member 22 when the pins or balls 26 are located
within their respective slot sliders. This helps to increase the overall stability and

rigidity of the connection between the frame member 12x and the frame member 22.

Like the adapter 10 of the previously-described embodiment, the adapter 10x of
Figure 13 also has a plurality of skull attachment features 14a, 14b for attaching the
adapter 10x to the skull 40 of an animal. The skull attachment features 14a, 14b are
illustrated in Figure 13 without the pins that would be provided for attachment to the
skull 40. The skull attachment features 14a, 14b are advantageously provided with
guides or rails that slide into corresponding respective slots in the frame member
12x, allowing the skull attachment features 14a, 14b to be easily removable. This
allows different configurations of skull attachment feature to be quickly and easily
slotted into the frame member 12x. For example, in the detail panel inset into
Figure 13, it can be seen that there are three different configurations of the skull
attachment feature 14a, providing three different heights for a palette clamping
plate. Of course, more or fewer such configurations can be provided for each
attachment, not only to adapt the height but also to adapt the position in other
directions. The skull attachment features 14b are also provided with multiple holes
for holding skull-attachment pins at different respective positions, thereby providing

additional flexibility in setting the head fixation position.
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CLAIMS

1. An adapter for a human stereotactic device to adapt the human stereotactic

device for use with an animal.

2. An adapter as claimed in claim 1, comprising at least one skull attachment
feature for attaching the adapter to the skull of the animal, or at least for positioning
and/or holding the skull in a fixed relationship to the adapter, and at least one device

attachment feature for attaching the adapter to the human stereotactic device.

3. An adapter as claimed in claim 2, wherein the at least one skull attachment

feature comprises at least one pin, clamp or bar.

4. An adapter as claimed in claim 2 or 3, wherein at least of the at least one
skull attachment feature is moveable on a slideable member to adjust for different

sized subjects.

5. An adapter as claimed in any one of claims 2 to 4, wherein the at least one
device attachment feature comprises one or more bolt, screw, cam lock or pin, or a

combination thereof.

6. An adapter as claimed in any one of claims 2 to 5, wherein the at least one
device attachment feature comprises a kinematic or at least quasi-kinematic

mounting feature.

7. An adapter as claimed in any one of claims 2 to 6, wherein the at least one
skull attachment feature is configured so as to be locatable onto at least one feature
on the skull of the animal for which the adapter is designed, those features on the

skull being ones that offer suitable attachment points for the adapter.

8. An adapter as claimed in any one of claims 2 to 7, wherein the at least one
device attachment feature is substantially the same as or equivalent to or compatible
with the at least one attachment feature which would be provided on a standard base

ring or base ring platform or similar head-fixation frame or component provided as
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standard for attachment to the human stereotactic device and for holding the

subject’s head in a fixed relationship to the stereotactic device.

9. An adapter as claimed in any preceding claim, wherein the human
stereotactic device is a standard or substantially unmodified human stereotactic

device.

10. A human stereotactic device and an adapter as claimed in any preceding

claim.

11. A stereotactic device and adapter as claimed in 10, wherein the stereotactic
device and the adapter each comprise a frame member with an opening which at
least partly encircles or surrounds the head of a subject when in use, and wherein the
opening of the adapter’s frame member is smaller than the opening of the device’s

frame member.

12. A stereotactic device and adapter as claimed in claim 10 or 11, wherein the
human stereotactic device is a standard or substantially unmodified human

stereotactic device.

13. A stereotactic device and adapter as claimed in claim 10, 11 or 12, when
dependent on claim 2, wherein the stereotactic device comprises at least one
attachment feature for attachment of a base ring or base ring platform or similar
head-fixation frame or component for holding a human subject’s head in a fixed
relationship to the stereotactic device, and wherein the at least one device
attachment feature of the adapter is configured to be compatible with and cooperate

with the at least one attachment feature of the stereotactic device.
14. An adapter for adapting an animal stereotactic device for use with a human.

15. An adapter for adapting a stereotactic device for one kind of animal for use

with another kind of animal.
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