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Description
BACKGROUND
Field of the Present Disclosure

[0001] The disclosure relates to animal brain imaging.
Particularly, the disclosure relates to brain imaging on
wake behaving animals.

Background Art

[0002] Brain imaging on small animals may be imple-
mented through different methods but only a few of them
enable researchers to study selected regions of the cen-
tral nervous systems with a spatial and time resolution
sufficient to image the function of neural structures.

[0003] Indeed, magneticresonanceimagingand scan-
ner imaging methods generally result in low resolution
images only enabling to access functional information
relating to activated brain regions. Methods using elec-
trodes directly inserted into the brain for analyzing brain
electrical sensitivity are as far hindered by a severe pre-
cision requirement in positioning the electrodes and by
a complex interpretation of the resulting electric signals.
[0004] Microscopy methods have proven useful in
brain imaging. Brain slices microscopy on deceased an-
imals is well known but in vivo microscopy on a living
animalis arecent subject. Historically, in vivo microscopy
could not analyze deep-brain regions as the technique
lacks satisfactory resolution or because it requires over-
invasive surgery. The Applicant has described an ap-
proach for functional fiber-optic imaging of the intact
mouse brain (Vincent et al., Live imaging of neural struc-
ture and function by fibred fluorescence microscopy, EM-
BO reports Sept. 2006). The Applicant showed that fib-
ered fluorescence microscopy which uses a small-diam-
eter fiber-optic probe to provide real-time images has a
spatial resolution enabling to image various neural struc-
tures in the living animal. This method has been useful
in many physiological studies requiring the in situ func-
tional imaging of tissues in a living anaesthetized animal.
[0005] Recently, a growing need to obtain images on
freely moving animals and to make available chronic
studies has emerged. Freely moving animal imaging re-
quires high stability for images acquisition. Stanford Uni-
versity researchers have developed a bundle microscopy
technology mounted on a mouse skull using an adapted
helmet that enables freely moving studies (High speed,
miniaturized fluorescence microscopy in freely moving
mice. Benjamin Flusberg et al. Nature Methods, October
2008). However, this technology requires large coring in
the mouse’s brain and thereby prohibits deep-brain in-
sertion. Additionally, the considerable helmet weight
bans a truly free movement and the images resolution
level limits the precision of the technology. Recently, the
Applicantdisclosed (Maskos et al., Functional fibered flu-
orescence imaging in freely moving mouse, poster No.
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598.8 disclosed during the 38th annual meeting of the
Society for Neurosciences 2008) the use of a minimally
invasive probe securely fixed to the head with dental ce-
ment for fiber-optic microscopy imaging of neuronal net-
works in behaving animals. However, in order to acquire
images on an extended period for chronic studies, there
is a need to recalibrate the imaging system, therefore
requiring to extract the probe out of the brain of the animal
and to place it back. According to the current method,
extracting the probe presents risk of breaking the tip of
the bundle, thereby excluding reusing the same animal
to carry out the study and involving incompatible main-
tenance costs to polish the broken probe.

[0006] US 2009/0048610 discloses a system for posi-
tioning fibers in the brain of a patient.

[0007] The Applicant proposes hereinunder an intrac-
ranial implant for positioning a fiber bundle probe in the
brain of an animal. The Applicant also proposes a fiber
bundle probe adapted to said implant, a stereotactic de-
vice to manipulate said implant and probe, and a method
for brain fiber bundle microscopy.

SUMMARY OF THE CLAIMED SUBJECT MATTER

[0008] Theinventionisdefined in appended independ-
ent claims 1 and 6.

[0009] In at least one aspect, embodiments disclosed
herein relate to an intracranial implant to position a fiber
bundle to a specified region of a brain of an animal. The
implant includes a base support to be fixed to a skull of
the animal over an orifice drilled in the skull and a hollow
conduit arranged through the base support to guide the
fiber bundle to the brain of the animal through the drilled
orifice. The implant includes a first locking member ar-
ranged on the base support, to cooperate with a ferrule
of the fiber bundle, the first locking member configured
to lock the fiber bundle to the specified region of the brain
of the animal.

[0010] Otheraspects and advantages of the disclosure
will be apparent from the following description and the
appended claims.

BRIEF DESCRIPTION OF DRAWINGS
[0011]

Figure 1A and Figure 1B illustrate respectively a top
view and a longitudinal section of an implant with a
cap according to an embodiment of the present dis-
closure.

Figure 2 illustrates a perspective view of atransverse
section of an implant according to an embodiment
of the present disclosure.

Figure 3A and Figure 3B illustrate front and rear per-
spective views of a ferrule to be arranged on a distal
portion of a fiber bundle according to an embodiment
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of the present disclosure.

Figure 4A and Figure 4B illustrate lateral views of a
fiber bundle probe according to an embodiment of
the present disclosure.

Figure 5 illustrates schematically a transverse sec-
tion of a fiber bundle probe according to an embod-
iment of the present disclosure.

Figures 6A, 6B and 6C illustrate respectively a lateral
view, a transverse section and a top view of a fiber
bundle probe according to an embodiment of the
present disclosure cooperating with an implant ac-
cording to an embodiment of the present disclosure.

Figure 7A and Figure 7B are enlargement views of
the marked areas highlighted in Figure 6B.

Figure 8 is a perspective view of a transverse section
of a fiber bundle probe according to an embodiment
ofthe present disclosure cooperating with animplant
according to an embodiment of the present disclo-
sure.

Figure 9 is a perspective view of a transverse section
of a fiber bundle probe according to an embodiment
ofthe present disclosure cooperating with animplant
according to an embodiment of the present disclo-
sure.

Figure 10 is a perspective view of a stereotactic de-
vice according to an embodiment of the present dis-
closure manipulating an implant according to an em-
bodiment of the present disclosure.

Figure 11 is perspective view of a stereotactic device
according to an embodiment of the present disclo-
sure positioning a fiber bundle probe according to
an embodiment of the present disclosure in an im-
plant according to an embodiment of the present dis-
closure.

Figure 12is adrawingillustrating a fiber bundle probe
according to an embodiment of the present disclo-
sure inserted in an implant according to an embod-
iment of the present disclosure installed on a skull
of a mouse.

Figure 13 illustrates schematically a transverse sec-
tion of a fiber bundle probe according to an embod-
iment of the present disclosure.

Figure 14 illustrates schematically a transverse sec-
tion of a fiber bundle probe according to an embod-

iment of the present disclosure.

Figure 15 illustrates schematically a transverse sec-
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tion of a fiber bundle probe according to an embod-
iment of the present disclosure.

Figures 16A and 16B illustrate top and bottom per-
spective views of a polishing system according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0012] Specificembodiments of the present disclosure
will now be described in detail with reference to the ac-
companying Figures. Like elements in the various Fig-
ures may be denoted by like numerals.

[0013] Embodiments of the present disclosure relate
to an intracranial implant to position a fiber bundle in a
determined region of the brain of an animal, to a fiber
bundle probe for brain fiber bundle microscopy, to a ster-
eotactic device to manipulate an implant and a fiber bun-
dle probe within a stereotactic frame and to a method for
brain fiber bundle microscopy.

[0014] For example, the animal may be a transgenic
mouse engineered to express specifically Green Fluo-
rescent Proteins in several brain areas. A proximal tip of
the fiber bundle may be connected to a system for con-
focal fluorescence microscopy imaging and a distal tip
of the fiber bundle may be inserted in the brain of the
animal.

[0015] Inamethodaccordingtothe presentdisclosure,
the mouse may be anaesthetized and its head may be
held in a stereotactic frame in order to drill an orifice in
the skull of the animal and to precisely install an implant
on the skull of the animal over said orifice.

[0016] Figure 1A and 1B illustrate views of the implant
according to an embodiment of the present disclosure.
The implant 1 comprises a base support 11 to be fixed
to the skull of the animal, an hollow conduit 12 arranged
through the base support 11 and a first locking member
100 arranged on the base support 11 remote from the
hollow conduit 12. Figures 1 further shows a cap com-
prising an axis plug 14 having a body, that may be in-
serted in the hollow conduit 12, and a head surrounded
by a helmet 15 for maintaining the axis plug 14 in the
hollow conduit 12. The cap may be adapted to the implant
| to avoid dirt to enter the hollow conduit 12, for example
when the implant 1 is not used.

[0017] Inthe embodiment described on Figure 1A and
1B, the first locking member 100 may include a cylindrical
pin 13, generally perpendicular to the base support 11,
comprising a portion integral to said base support 11. As
shown on Figure 9, the pin 13 may be locked into a sec-
ond locking member 26 arranged on a ferrule mounted
on the fiber bundle 24 when the fiber bundle 24 is inserted
in the hollow conduit 12 of the implant 1.

[0018] In another embodiment described on Figure 2.
the first locking member 100 may comprise a screw 16
perpendicular to the base support 11 having afirst portion
161 arranged in the base support and a second portion
164 around which a locking cylinder 17 is concentrically
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arranged. The locking cylinder 17 may be fixed in trans-
lation with regard to a longitudinal axis of the screw and
free to rotate around said axis. The first portion 161 may
comprise a first threading 162 cooperating with a second
threading 112 of the base support 11 to adjust the position
of the screw in a direction perpendicular to the base sup-
port 11. When the screw is threaded, the locking cylinder
17 may translate with regard to the longitudinal axis of
the screw 16. As shown on Figure 8, the first locking
member comprising the screw 16 and the cylinder 17 is
to be locked on the second locking member 26 of the
ferrule arranged on the fiber bundle 24 using a locking
screw 27 mounted on the second locking member 26,
when the fiber bundle 24 is inserted in the hollow conduit
12 of the implant 1.

[0019] According to this embodiment, when the fiber
bundle is inserted in the hollow conduit 12 of the implant
and the second locking member of the ferrule arranged
on the fiber bundle is fastened to the locking cylinder 17
of the first locking member to block the bundle on a de-
termined position, it may be possible to adjust the position
of the fiber bundle by adjusting the position of the locking
cylinder 17. The first locking member may further com-
prise a toroid spring 18 concentrically arranged around
the screw 16 at one end of the locking cylinder 17. The
spring 18 enables compensation for play by pushing the
screw 16 in the thread 112 and the locking cylinder 17
on the collar 163.

[0020] In another embodiment (not shown on Figure
2), the first locking member may comprise a pin having
a first portion arranged in the base support, said first por-
tion being fixed in translation with regard to a longitudinal
axis of the pin and free to rotate around said axis, and a
second portion comprising a first threading cooperating
with a second threading of a locking cylinder concentri-
cally arranged around said second portion. A toroid
spring may also be added for compensation of play as
previously. This embodiment may also enable the ad-
justment of the position of the locking cylinder with regard
to the base support.

[0021] Adjusting the position of the fiber bundle probe
by screwing the screw 16 may be done without requiring
to hold the head of the mouse in a stereotactic frame.
Thereby, it may easily be done after the fiber bundle has
been locked. When the fiber bundle is inserted in the
brain of the animal, the brain tends to contract and it may
occur that, in order to stay on a determined region of the
brain to image, the fiber bundle positioning may be ad-
justed because of brain re-inflating.

[0022] One advantage of a locking mechanism com-
prising the first and second locking members is that it
may block the fiber bundle on a determined region of the
brain to image, preventing the fiber bundle to rotate
around its longitudinal axis and to move in the hollow
conduit where the fiber bundle is to be inserted. It may
lead to increase stability for image acquisition, enabling
the acquisition of images from a freely moving animal.
Arranging the first locking member remote from the hol-
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low conduit 12 where the fiber bundle is to be inserted
may ease the fastening of the fiber bundle by reducing
the required fastening torque. It may enable to avoid ex-
cessive constraint on the fiber bundle which may lead to
equipment damages.

[0023] When the orifice has been drilled in the skull of
the animal, the base support 11 of the implant may be
fixed to the skull of the animal for the hollow conduit 12
to emerge onto the drilled orifice. Fixing the base support
may be performed using for example micro-screws and
dental cement.

[0024] As shown on Figure 10, the implant 1 may be
manipulated with a stereotactic device 3 comprising a
rod 31 connected to the stereotactic frame, and a groove
32 comprising screws 33 to fasten an object placed in
the groove 32. The stereotactic device 3 is an interface
that enables to manipulate the implant within the stere-
otactic frame. The implant 1 may placed on the skull of
the animal horizontally with regard to an horizontal axis
defined by the head of the animal in the stereotactic
frame. As the skull of a mouse is curved, an amount of
glue may be applied on the surface of the base support
11 in contact with the skull to compensate for slope.
[0025] Referring again to Figure 1, the hollow conduit
12 may comprise a tube perpendicular to the base sup-
port 11 and may comprise an under part 121 extending
beneath the base support 11. The under part 121 may
enter the orifice drilled in the skull of the animal. In an
embodiment, the under part 121 has a length adapted to
penetrate in the brain of the animal. As the skull of a
mouse is curved and the base support is installed hori-
zontally, the length necessary to penetrate the brain may
not be the same when the base support 11 is placed on
different parts of the mouse’s skull. In an embodiment,
the length of the under part 121 is adapted for penetrating
the brain when the base support 11 is fixed horizontally
in any position of the mouse’s skull. In another embodi-
ment, the length of the under part 121 is adapted for
penetrating the brain when the base support is fixed hor-
izontally in atleast one position on the skull of the mouse.
In another embodiment, the length of the under part 121
is adapted for not entering the brain of the animal when
the base support is fixed horizontally in any position of
the mouse’s skull.

[0026] The base support 11 may have a parallepipedic
shape. Advantageously, the base support 11 may have
a trapezoid based right prism shape, as shown on Figure
6A. In this embodiment, the face of greater surface of
said trapezoid based right prism is laid on the skull of the
animal. As glue may be spread below said face and on
the bevelled edges of the trapezoid prism, the base sup-
port 11 is accurately fixed on the mouse’s skull. As shown
on Figure 1B, a base 111 of the trapezoid prism of the
base support 11 close to the hollow conduit may advan-
tageously be truncated for enabling an operator manip-
ulating the base support 11 from aside to easily see the
under part 121 of the hollow conduit 12. Thereby, the
operator may accurately calibrate the stereotactic frame
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by easily targeting the bones of the skull of the mouse
with the under part 121 of the implant mounted on the
stereotactic device 3.

[0027] When the implant 1 is positioned on the skull of
the animal for the hollow conduit 12 to emerge onto the
drilled orifice, the fiber bundle 24 may be inserted in the
brain of the animal through the hollow conduit 12 of the
implant 1. Figure 12 illustrates a mouse 4 on the head of
which an implant 1 receiving a fiber bundle probe 2 is
installed.

[0028] As shown on Figure 11, the fiber bundle may
be manipulated with the stereotactic device 3. The ster-
eotactic device 3 is an interface that enables to manipu-
late the implant 1 and the fiber bundle within the stereo-
tactic frame. The stereotactic device 3 may adapted to
successively hold the fiber bundle and the implant in col-
linear directions.

[0029] A fiber bundle probe 2 according to an embod-
iment of the present disclosure is represented on Figures
4A and 4B. The fiber bundle probe 2 may comprise a
fiber bundle 24 for transporting light and a ferrule ar-
ranged around a distal portion of the fiber bundle 24. A
portion of the fiber bundle 24 may be sheathed in asheath
21. The ferrule may comprise an handling part 25 for
manipulating the fiber bundle into the hollow conduit 12
of the implant 1 and a second locking member 26 for
cooperating with the first locking member 13 of the in-
tracranial implant, to lock the fiber bundle on a deter-
mined region of the brain of the animal, when the distal
tip of the fiber bundle 24 is inserted in the brain of the
animal through the hollow conduit 12 of the implant 1.
The distal tip of the fiber bundle to be inserted in the brain
of the animal may be stripped and not covered by the
ferrule. As shown on figures 3A and 3B, the handling part
25 may comprise an hollow canal 29 for the fiber bundle
24 to be mounted in. The handling part 25 may extend
longitudinally along the distal portion of the fiber bundle
24 and the second locking member 26 may extend lat-
erally to the handling part 25, perpendicularly to said han-
dling part 25.

[0030] The stereotactic device 3 may be adapted to
hold the fiber bundle 24 by fastening the handling part
25 of the fiber bundle probe in the groove 32. The ster-
eotactic device 3 may be adapted to hold the implant 1
by fastening the first locking member of the implant. The
surface of the groove 32 may be adapted to successively
hold the fiber bundle probe 2 and the implant 1 in collinear
directions. The surface of the groove 32 may be any if a
U-shaped groove or a V-shaped groove (not shown on
Figures 10-11).

[0031] As shown on Figures 3A and 3B, the second
locking member 26 of the ferrule may comprise two
halves 28 forming an arch for the first locking member
13 to fit into, when the distal tip of the fiber bundle 24
may be inserted in the brain of the animal through the
hollow conduit 12 of the implant 1. One half of the second
locking member may comprise the locking screw 27 ar-
ranged in a hole 281. The locking screw 27 enables to
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block the first locking member 13 within the second lock-
ing member halves 28 on a determined region of the brain
to image, when the distal tip of the fiber bundle 24 is
inserted in the brain of the animal through the hollow
conduit 12 of the implant 1. Figure 6C is a top view of a
fiber bundle probe inserted in an implant and shows how
the first locking member may fit into the halves 28 of the
second locking member 26 in accordance with the
present embodiment.

[0032] Figure 5 illustrates schematically a transverse
section of a fiber bundle probe according to an embodi-
ment of the present disclosure. The fiber bundle may
initially comprise a coating 22 and a sheath 21 wrapping
the fiber bundle 24. In order to obtain a fiber bundle probe
2, the sheath 21 may be removed on a first distal part
extending from a sheath removing section 211, located
in the distal portion around which the ferrule is to be ar-
ranged, to the distal tip of the fiber bundle to be inserted
in the brain of the animal. The coating 22 may further be
removed on a second distal part extending till the distal
tip of the fiber bundle to be inserted in the brain of the
animal. The second distal part may be smaller than the
first distal part. A guiding sheath 23, of a specified diam-
eter adapted to the diameter of the hollow conduit 12,
may further be arranged on the fiber bundle 24. The guid-
ing sheath 23 may extend from the sheath removing sec-
tion 211 and may cover a guiding portion of the fiber
bundle 24 to be inserted in the hollow conduit 12 of the
implant while leaving the distal tip of the fiber bundle to
be inserted in the brain of the animal uncovered. The
guiding sheath 23 may be fixed to the fiber bundle 24
using glue. The ferrule may be fixed to the guiding sheath
23 using glue.

[0033] Figure 7B is an enlargement of the highlighted
area marked C on Figure 6B which shows a lateral sec-
tion of a fiber bundle probe 2 inserted in an implant 1.
Figure 7B illustrates a lateral section of a piece of the
guiding portion of the fiber bundle 24, sheathed in the
guiding sheath 23, inserted in the hollow conduit 12 of
the implant. As shown on Figure 7B, the distal tip of the
fiber bundle may be stripped and the guiding sheath may
not extend till the distal tip of the fiber bundle to be in-
serted in the brain of the animal.

[0034] Figure 7A is an enlargement of the highlighted
areamarked BonFigure 6B. Figure 7Aillustrates alateral
section of a piece of the fiber bundle probe 2. As shown
on Figure 7A, the hollow canal 29 in which the fiber bundle
is mounted may comprise an upper part 291 of an inner
diameter adapted to the sheath 21, a middle part 292 of
a diameter adapted to the guiding sheath 23 and a lower
part 293 of a diameter superior to the diameter of the
hollow conduit. This enables the fiber bundle to be in-
serted in the hollow conduit 12. The upper part 291 may
cover a portion of the fiber bundle 24 wrapped with the
sheath 21 and extends till the sheath removal section
211. The middle part 292 may cover a portion of the fiber
bundle 24 covered with the guiding sheath 23. Advanta-
geously, the ferrule is fixed to the fiber bundle by using
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glue at the level of the middle part 292. The lower part
293 may cover a portion of the fiber bundle covered by
the guiding sheath 23 that is to be inserted in the hollow
conduit 12 of the implant. This may protect the guiding
portion of the fiber bundle to be inserted in the hollow
conduit 12.

[0035] When the fiber bundle is positioned on the de-
termined region of the brain toimage, the firstand second
members may be locked for blocking the fiber bundle
probe on the determined region and the animal may be
woken-up and unrestrained from the stereotactic frame.
[0036] As shown on Figure 6A, 6B, 6C, 8 and 9, the
first locking member of the implant cooperates with the
second locking member of the fiber bundle probe. As
previously described, the first locking member either be-
ing a pin 13 or a locking cylinder 17 mounted on a screw
16 may fit into the arch formed by the halves 28 of the
second locking member 26 and may be blocked by the
locking screw 27 mounted on one half of the second lock-
ing member 26. This may enable a high stability forimage
acquisition and may permit taking the fiber bundle out of
the brain of the mouse while limiting risks of equipment
damages. This enables chronic experiments to be carried
out on extended period of time.

[0037] The fiber bundle probe may further comprise a
rigid jacket 241 arranged at the distal tip of the fiber bun-
dle 24. The rigid jacket 241 may be formed of a metallic
material, for example stainless steel. Therigid jacket 241
may have a generally cylindrical shape and comprise a
lumen adapted for the fiber bundle 24 to fit into. An ex-
ternal diameter of the rigid jacket 241 may be inferior to
aexternal diameter of the guiding sheath 23. The external
diameter of the rigid jacket 241 may be of around 400 to
500 pm. At a distal portion of the guiding sheath 23, an
inner diameter of the guiding sheath 23 may be config-
ured to enable the rigid jacket 241 to fit into the lumen of
the guiding sheath 23. The rigid jacket may enable to
strengthen the tip of fiber bundle against lateral and fron-
tal shocks thereby easing handling and re-polishing op-
erations by the end user.

[0038] In an embodiment illustrated on Figure 13, the
rigid jacket 241 may extend to the end of the distal tip of
the fiber bundle 24. In an embodiment illustrated on Fig-
ure 14, the rigid jacket 241 and the distal tip of the fiber
bundle 24 may further be beveled. In an embodiment
illustrated on Figure 15, the rigid jacket 241 may extend
beyond the end of the distal tip of the fiber bundle to cover
a miniaturized objective 242 arranged at the end of the
distal tip of the fiber bundle. The miniaturized objective
242 may be of a cylindrical shape and have a diameter
substantially equal to the diameter of the fiber bundle.
The miniaturized objective 242 may be a gradient index
lens and may be connected coaxially to the fiber bundle
24, for example by using adhesive means. Alternatively,
the miniaturized objective 242 may include other ele-
ments, such as conventional lenses, filters, or diffractive
elements. The rigid jacket 241 may enable to strengthen
the connection between the fiber bundle 24 and the min-
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iaturized objective 242.

[0039] Figures 16A and 16B illustrate a fiber bundle
probe 2 inserted into a polishing tool 5. The polishing tool
5 comprises a polishing support 51, a polishing hollow
conduit (not shown on Figures 16A and 16B) arranged
through the polishing support 51, a polishing locking
member 52, arranged on the polishing support to coop-
erate with the ferrule of the fiber bundle probe 2 when
the distal tip of the fiber bundle is inserted into the pol-
ishing hollow conduit and a supplementary locking mech-
anism 53 to lock the fiber bundle probe 2 on the polishing
base support 51. The polishing base support 51 may be
configured for the distal tip of the fiber bundle to protrude
out of a polishing face 54 when the fiber bundle probe 2
is locked on the polishing support 51. The polishing of
the fiber bundle may be performed by rubbing the pro-
truding tip of the fiber bundle over a rigid surface. An
insertion face 55 of the polishing support 51 may form
an angle with the polishing face 54 thereby enabling to
polish the distal tip of the fiber bundle with a bevel. The
polishing conduit and the polishing locking member may
be arranged to reproduce the configuration of the intrac-
ranial implant. Therefore, the polishing tool 5 may hold
the fiber bundle in a position identical to the position it
may have when inserted in the intracranial implant. This
enables, in an embodiment in which the fiber bundle is
originally beveled in a determined direction, to keep said
direction when re-polishing the fiber bundle with the pol-
ishing tool.

[0040] While the disclosure has been described with
respecttoalimited number of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not
departfromthe scope of the disclosure as disclosed here-
in. Accordingly, the scope of the disclosure be limited
only by the attached claims.

Claims

1. Anintracranial implant (1) to position a fiber bundle
of a fiber bundle probe to a specified region of a brain
of an animal, wherein the fiber bundle probe further
comprises a ferrule arranged on a distal portion of
the fiber bundle, the intracranial implant (1) compris-

ing:

a base support (11) to be fixed to a skull of the
animal over an orifice drilled in the skull;

a hollow conduit (12) arranged through the base
support(11) to guide the fiber bundle to the brain
of the animal through the drilled orifice;

a first locking member (100) arranged on the
base support (11), to cooperate with the ferrule
of the fiber bundle probe, the first locking mem-
ber (100) being configured to lock the fiber bun-
dle to the specified region of the brain of the
animal characterized in that the first locking
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member (100) comprises a pin (13) substantially
perpendicular to the base support (11).

The intracranial implant (1) according to claim 1,
wherein the first locking member (100) is arranged
on the base support (11) remote from the hollow con-
duit (12).

The intracranial implant (1) according to claim 1,
wherein a portion of the pin (13) is integral to the
base support (11).

The intracranial implant (1) according to claim 1,
wherein the pin (13) further comprises:

afirst portion (161) arranged in the base support
(11) comprising a first threading (162) cooper-
ating with a second threading (112) of the base
support (11), the first portion (16 1) being config-
ured to adjust the position of the pin (13) in a
direction substantially perpendicular to the base
support (11); and

a second portion (164) comprising a locking cyl-
inder (17) concentrically arranged thereon,
wherein the locking cylinder (17) is fixed in trans-
lation with regard to a longitudinal axis of the pin
(13) and free to rotate around the longitudinal
axis.

The intracranial implant (1) according to claim 1,
wherein the pin (13) further comprises:

a first portion arranged in the base support (11),
the first portion being fixed in translation with
respect to a longitudinal axis of the pin (13),
wherein the first portion is free to rotate around
the longitudinal axis; and

a second portion comprising a first threading co-
operating with a second threading of a locking
cylinder concentrically arranged around said
second portion, the second portion being con-
figured to adjust the position of the locking cyl-
inder in a direction substantially perpendicular
to the base support (11).

6. A fiber bundle probe (2) useful in brain fiber bundle

microscopy to cooperate with an intracranial implant
(1) according to claim 1, comprising:

a fiber bundle (24) for transporting light having
adistal tip to be inserted in the brain of an animal
through the intracranial implant (1); and

a ferrule arranged on a distal portion of the fiber
bundle (24) for transporting light, said ferrule
comprising

- a handling part (25) extending along the
distal portion of the fiber bundle (24), to ma-
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10.

1.

12.

nipulate the fiber bundle into the intracranial
implant (1); characterized in that the fer-
rule comprises:

- a second locking member (26) extending
laterally to the handling part (25) and com-
prising two halves (28) forming an arch for
the first locking member (100) of the intrac-
ranial implant (1) to fit into, when the distal
tip of the fiber bundle (24) for transporting
light is inserted in the brain of the animal
through the hollow conduit (12) of the intrac-
ranial implant (1).

The fiber bundle probe (2) according to claim 6,
wherein a screw is arranged in a half of the second
locking member (26) to block the first locking mem-
ber (100) within the second locking member halves
(28) on the determined region of the brain to image,
when the distal tip of the fiber bundle (24) is inserted
in the brain of the animal through the hollow conduit
(12) of the intracranial implant (1).

The fiber bundle probe (2) according to claim 6,
wherein a portion of the fiber bundle (24) to be in-
serted in the hollow conduit (12) of the intracranial
implant (1) is sheathed with a guiding sheath (23),
said guiding sheath (23) being of a specified diam-
eter adapted to the diameter of the hollow conduit
(12) and fixed to the fiber bundle (24).

The fiber bundle probe (2) according to claim 8,
wherein the guiding sheath (23) extends to the distal
portion around which the ferrule is arranged, the fer-
rule being fixed to the guiding sheath (23).

The fiber bundle probe (2) according to claim 6
wherein the distal tip of the fiber bundle (24) to be
inserted in the brain of the animal is beveled.

The fiber bundle probe (2) according to any of claims
6 to 10, wherein the distal tip of the fiber bundle (24)
to be inserted in the brain of the animal is covered
with a rigid jacket (241).

The fiber bundle probe (2) according to claim 11,
wherein the rigid jacket (241) extends beyond the
end of the distal tip of the fiber bundle (24) to cover
a miniaturized objective (242) arranged at the end
of said distal tip.

Patentanspriiche

1.

Intrakranielles Implantat (1) zum Positionieren eines
Faserblindels einer Faserblindelsonde in einem
spezifizierten Gebiet eines Gehirns eines Tiers, wo-
bei die Faserblindelsonde ferner eine Muffe um-
fasst, die an einem distalen Abschnitt des Faserbiin-



13 EP 2 459 101 B1 14

dels angeordnet ist, wobei das Implantat umfasst:

einen Basistrager (11), der an einem Schéadel
des Tiers Uber einer in dem Schéadel gebohrten
Offnung zu befestigen ist;

eine hohle Réhre (12), die durch den Basistrager
angeordnet ist, um das Faserbiindel durch die
gebohrte Offnung zu dem Gehirn des Tiers zu
fUhren;

ein erstes Verriegelungselement (100), das an
dem Basistrager angeordnetist, um mit der Muf-
fe der Faserblindelsonde zusammenzuwirken,
wobei das erste Verriegelungselement dafir
konfiguriert ist, das Faserblindel in dem spezi-
fizierten Gebiet des Gehirns des Tiers zu ver-
riegeln, dadurch gekennzeichnet, dass das
Verriegelungselement einen Stift (13) umfasst,
der im Wesentlichen senkrecht zu dem Basis-
trager (11) ist.

Intrakranielles Implantat nach Anspruch 1, wobei
das erste Verriegelungselement fern von der hohlen
Roéhre an dem Basistrager angeordnet ist.

Implantat nach Anspruch 1, wobei ein Abschnitt des
Stifts einteilig mit dem Basistrager ist.

Implantat nach Anspruch 1, wobei der Stift ferner
umfasst:

einen ersten Abschnitt (161), der in dem Basis-
trager angeordnet ist, der ein erstes Gewinde
(162) umfasst, das mit einem zweiten Gewinde
(112) des Basistragers zusammenwirkt, wobei
der erste Abschnitt dafiir konfiguriert ist, die Stel-
lung des Stifts in einer Richtung im Wesentli-
chen senkrecht zu dem Basistrager einzustel-
len; und

einen zweiten Abschnitt (164), der einen Verrie-
gelungszylinder (17) umfasst, der konzentrisch
daran angeordnet ist, wobei der Verriegelungs-
zylinder in Bezug auf die Translation hinsichtlich
einer Langsachse des Stifts befestigt und um
die Achse frei drehbar ist.

Implantat nach Anspruch 1, wobei der Stift ferner
umfasst:

einen ersten Abschnitt, der in dem Basistrager
angeordnet ist, wobei der erste Abschnitt in Be-
zug auf die Translation hinsichtlich einer Langs-
achse des Stifts befestigt ist und wobei der erste
Abschnitt um die Achse frei drehbar ist; und

einen zweiten Abschnitt, der ein erstes Gewinde
umfasst, das mit einem zweiten Gewinde eines
Verriegelungszylinders, derum den zweiten Ab-
schnitt konzentrisch angeordnetist, zusammen-
wirkt, wobei der zweite Abschnitt dafiir konfigu-
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riert ist, die Position des Verriegelungszylinders
in einer Richtung im Wesentlichen senkrecht zu
dem Basistrager einzustellen.

Faserbiindelsonde (2), die in der Gehirnfaserbiin-
delmikroskopie verwendet werden kann, um mit ei-
nem intrakraniellen Implantat nach Anspruch 1 zu-
sammenzuwirken, wobei die Faserbiindelsonde
umfasst:

ein Faserblindel (24) zum Transportieren von
Licht, das eine distale Spitze aufweist, die durch
das intrakranielle Implantat in das Gehirn eines
Tiers einzuflihren ist; und

eine Muffe, die in einem distalen Abschnitt des
Faserblindels zum Transportieren von Licht an-
geordnet ist, wobei die Muffe umfasst:

- ein Handhabungsteil (25), das entlang des
distalen Abschnitts des Faserbiindels ver-
lauft, um das Faserbilindel in das intrakra-
nielle Implantat zu manipulieren;

dadurch gekennzeichnet, dass die Muffe
ferner umfasst:

- ein zweites Verriegelungselement (26),
das quer zu dem Handhabungsteil verlauft
und zwei Halften umfasst, die einen Bogen
bilden, damit das erste Verriegelungsele-
ment des intrakraniellen Implantats hinein-
passt, wenn die distale Spitze des Faser-
blndels zum Transportieren von Licht
durch die hohle Réhre des intrakraniellen
Implantats in das Gehirn des Tiers einge-
fuhrt wird.

Faserblindel nach Anspruch 6, wobei in einer Halfte
des zweiten Verriegelungselements eine Schraube
angeordnet ist, um das erste Verriegelungselement
innerhalb der zweiten Halften des Verriegelungse-
lements in einem vorgegebenen Gebiet des Gehirns
zu arretieren, um abzubilden, wenn die distale Spitze
des Faserblindels durch die hohle Réhre des Imp-
lantats in das Gehirn des Tiers eingefiihrt wird.

Faserblindelsonde nach Anspruch 6, wobei ein Ab-
schnitt des Faserbiindels, derin die hohle Roéhre des
Implantats einzufiihren ist, mit einer Fihrungshiille
(23) umhillt ist, wobei die Fiihrungshdille einen spe-
zifizierten Durchmesser aufweist, der an den Durch-
messer der hohlen Réhre angepasstist, und an dem
Faserbiindel befestigt ist.

Faserbiindel nach Anspruch 8, wobei die Flihrungs-
hille zu dem distalen Abschnitt verlauft, um den die
Muffe angeordnet ist, wobei die Muffe an der Fiih-
rungshille befestigt ist.

10. Faserblindel nach Anspruch 6, wobei die distale
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Spitze des Faserbiindels, dieindas Gehirn des Tiers
einzufiihren ist, abgephast ist.

Faserblindel nach einem der Anspriiche 6 bis 10,
wobei die distale Spitze des Faserblindels, die in
das Gehirn des Tiers einzufiihren ist, mit einem star-
ren Mantel bedeckt ist.

Faserblindel nach Anspruch 11, wobei der starre
Mantel Uber das Ende der distalen Spitze des Fa-
serbiindels hinaus verlauft, um ein Miniaturobjektiv,
das an dem Ende der distalen Spitze angeordnet ist,
zu bedecken.

Revendications

Implant intracranien (1) permettant de positionner
un faisceau de fibres d’'une sonde a faisceau de fi-
bres dans une région spécifiée du cerveau d’un ani-
mal, dans lequel la sonde a faisceau de fibres com-
prend en outre un manchon agencée sur une partie
distale du faisceau de fibres, I'implant comprenant :

un supportde base (11) a fixer au crane de I'ani-
mal sur un orifice foré dans le crane ;

un conduit creux (12) disposé a travers le sup-
port de base pour guider le faisceau de fibres
jusqu’au cerveau de I'animal a travers I'orifice
foré ;

un premier élément de verrouillage (100) dispo-
sé sur le support de base, destiné a coopérer
avec le manchon de la sonde a faisceau de fi-
bres, le premier élément de verrouillage étant
configuré pour bloquer le faisceau de fibres sur
la région spécifiée du cerveau de I'animal ca-
ractérisé en ce que I'élément de verrouillage
comprend une goupille (13) sensiblement per-
pendiculaire au support de base (11).

Implant intracranien selon la revendication 1, dans
lequelle premier élément de verrouillage estdisposé
sur le support de base a distance du conduit creux.

Implant selon la revendication 1, dans lequel une
partie de la goupille fait partie intégrante du support
de base.

Implant selon la revendication 1, dans lequel la gou-
pille comprend en outre :

une premiére partie (161) agencée dans le sup-
port de base comprenant un premier filetage
(162) coopérant avec un second filetage (112)
dusupportde base, la premiére partie étant con-
figurée pour ajuster la position de la goupille
dans une direction sensiblement perpendiculai-
re au support de base ; et
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une seconde partie (164) comprenant un cylin-
dre de verrouillage (17) disposé de maniére con-
centrique sur celle-ci, dans lequel le cylindre de
verrouillage est fixé en translation relativement
a un axe longitudinal de la goupille et libre de
pivoter autour de I'axe.

Implant selon la revendication 1, dans lequel la gou-
pille comprend en outre :

une premiére partie disposée dans le support
de base, la premiéere partie est fixée en transla-
tion relativementa un axe longitudinal de la gou-
pille et la premiéere partie est libre de pivoter
autour de I'axe ; et

une seconde partie comprenant un premier file-
tage coopérant avec un second filetage d’un cy-
lindre de verrouillage disposé de maniere con-
centrique autour de ladite seconde partie, la se-
conde partie étant configurée pour ajuster la po-
sition du cylindre de verrouillage dans une di-
rection sensiblement perpendiculaire au sup-
port de base.

Sonde de faisceau de fibres (2) utile en microscopie
cérébrale par faisceau de fibres pour coopérer avec
un implant intracranien selon la revendication 1, la-
dite sonde comprenant :

un faisceau de fibres (24) pour transporter la
lumiére ayant une pointe distale a insérer dans
le cerveau d’'un animal a travers limplant
intracranien ; et

un manchon disposé sur une partie distale du
faisceau de fibres pour transporter la lumiére,
ledit manchon comprenant :

- une partie de manipulation (25) s’étendant
le long de la partie distale du faisceau de
fibres, pour manipuler le faisceau de fibres
danslimplantintracranien ; caractérisé en
ce que le manchon comprend en outre

- un second élément de verrouillage (26)
s’étendant latéralement jusqu’a la partie de
manipulation et comprenant deux moitiés
formantun arc a l'intérieur duquel s’ajustera
le premier élément de verrouillage de I'im-
plant intracranien, lorsque la pointe distale
du faisceau de fibres pour transporter la lu-
miére est insérée dans le cerveau de I'ani-
mal a travers le conduit creux de I'implant
intracranien.

Faisceau de fibres selon la revendication 6, dans
lequel une vis est agencée dans une moitié du se-
cond élémentde verrouillage pour bloquer le premier
élément de verrouillage a l'intérieur des moitiés du
second élément de verrouillage sur la région céré-
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brale a imager déterminée, lorsque la pointe distale
du faisceau de fibres est insérée dans le cerveau de
I'animal a travers le conduit creux de I'implant.

Sonde de faisceau de fibres selon la revendication
6, dans laquelle une partie du faisceau de fibres a
insérer dans le conduit creux de I'implant est gainée
d’une gaine de guidage (23), ladite gaine de guidage
étant d’'un diamétre spécifié adapté au diametre du
conduit creux et fixée au faisceau de fibres.

Faisceau de fibres selon la revendication 8, dans
lequel la gaine de guidage s’étend jusqu’a la partie
distale autour de laquelle le manchon est disposé,
le manchon étant fixé a la gaine de guidage.

Faisceau de fibres selon la revendication 6, dans
lequella pointe distale du faisceau de fibres ainsérer
dans le cerveau de I'animal est biseautée.

Faisceau de fibres selon 'une quelconque des re-
vendications 6 a 10, dans lequel la pointe distale du
faisceau de fibres a insérer dans le cerveau de I'ani-
mal est couverte d’'une enveloppe rigide.

Faisceau de fibres selon la revendication 11, dans
lequel I'enveloppe rigide s’étend au-dela de I'extré-
mité de la pointe distale du faisceau de fibres pour
couvrir un objectif miniaturisé au niveau de I'extré-
mité de ladite pointe distale.
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