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(57) Abstract

A method of aligning a C-arm (26) of an image intensifier for rotation in a selected plane, the C-arm having a transmitter (22)
mounted at one end and a receiver (24) mounted at an opposite end, comprising: identifying the selected plane by viewing the location of
bony structure (12) with the image intensifier; and aligning indicia disposed on a radio-opaque reticle (25) covering at least a portion of
the receiver with the selected plane, the indicia being aligned with the plane of rotation of the C—arm, thereby aligning the plane of the

C-arm with the selected plane.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG

BR
BY
CA
CF
CG
CH
CI
cM
CN
Cu
Ccz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’'Tvoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Tsrael

Teeland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
T)
™
TR
TT
UA
uG
Us
Uz
VN
YU
YA

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

WO 00/10461 PCT/US99/12609

IMAGE INTENSIFIER RETICLE SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS

The present application is a regular application
claiming benefit under 35 USC §119(e) from U.S. Provisional
Patent Application Serial No. 60/120,663 filed February 19,
1999; the complete disclosure of which is hereby
incorporated herein by reference in its entirety for all

purposes.

TECHNICAL FIELD

The present invention relates to C-arm surgical

image intensifiers.

SUMMARY OF THE INVENTION

The present invention provides a reticle for
attachment to an image intensifier and a method of use which
allows a standard C-arm image intensifier to be easily
aligned to rotate in a selected plane about any desired
point in a human body. The present invention can be used to
align an image intensifier to rotate in any plane through
the human body, wherein the plane is preferably defined by
viewing bones or other radio-opaque structures in the body
with the image intensifier system. Although the present
invention can be aligned to rotate the C-arm in any desired
plane passing through a human body, the present invention is
ideally suited to align a conventional C-arm image
intengifier to rotate in a plane passing between two
adjacent vertebrae in a patient’s spine. It is to be
understood, however, that the present invention is not so
limited to alignment of C-arm image intensifiers only with

respect to intervertebral planes.
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After aligning the orientation of the image
intensifier with the selected intervertebral plane, the
image intensifier can be rotated about a selected point to
provide both lateral and anterior-posterior views through

the patient while remaining in the selected intervertebral

plane.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a rear elevation view of a prone lying
patient with an image intensifier taking a lateral view
through the patient.

Fig. 2 is a view corresponding to Fig. 1, but with
the image intensifier taking an anterior-posterior view
through the patient.

Fig. 3 is a side elevation view corresponding to
Fig. 1.

Fig. 4 is a view of an image taken by the image
intensifier with the image intensifier being positioned as
shown in Figs. 1 and 3.

Fig. 5 is a sectional side elevation view taken
along line 5-5 in Fig. 2.

Fig. 6 is a view of an image taken by the image
intensifier with the image intensifier being positioned as
shown in Figs. 2 and 5.

Fig. 7 is an end view of a reticle of the present

invention as attached over the receiving end of the image

intensifier.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Referring first to Fig. 1, a patient 10 having a
spine 12, head 13 and feet 14 is positioned in a prone lying
manner on a radiotransparent table 15. A conventional image

intensifier 20 having an emitter 22 and a receiver 24 which
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are together held on opposite sides of the patient by a
standard C-arm 26 is positioned as shown in Fig. 1 to
generate a lateral radioimage view through the patient. As
is shown in Fig. 2, C-arm 26 can also be rotated so as to
provide an anterior-posterior image through the patient.

C-arm image intensifier 20 may comprise any
standard image intensifier, preferably having the property
that rotation 24 of C-arm 26 in the plane of the C-arm,
(such as from the orientation in Fig. 1 to that of Fig. 2),
causes the image intensifier to rotate about a fixed point
in space equidistant between emitter 22 and a receiver 24.

In a preferred aspect of the present invention, C-
arm 26 is aligned to rotate in a preferred plane about a
desired point in space positioned equidistant between
emitter 22 and a receiver 24.

In an exemplary aspect of the invention, the
desired point in space is disposed within the patient’s
intervertebral space and the desired plane is an
intervertebral plane which passes between adjacent
vertebrae, as follows.

When taking either lateral or an anterior-
posterior images of adjacent vertebrae in the patient’s
spine, as seen in Figs. 1 and 2, respectively, it is
preferred to take such images along a plane which passes
between the adjacent vertebrae. However, each pair of
adjacent vertebrae in the patient’s spine will have a
different intervertebral plane due to the natural lordosis
in the patient’s spine. For example, as is seen in Fig. 5,
spine 12 comprises adjacent vertebrae 17 and 19. Each pair
of adjacent vertebrae in the spine will each have a unique
intervertebral plane passing therethrough. For example,
intervertebral plane 30 will pass between vertebrae 17 and

19, as shown. Accordingly, considerable adjustment of the
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image intensifier orientation is required to align it with
the selected intervertebral plane. These alignment problems
are further complicated when attempting to rotate the image
intensifier from a lateral position to an anterior-posterior
position.

In a preferred aspect, the present invention may
be used to align C-arm 26 image intensifier 20 with
intervertebral plane 30 such that as the image intensifier
is moved from the position shown in Fig. 1 to the position
shown in Fig. 2, C-arm 26 of image intensifier 20 remains at
all times disposed in the intervertebral plane 30, as
follows.

As can be seen in Figs. 3 and 5, the positioning
of the image intensifier 20 to align C-arm 26 with a
cselected intervertebral plane 30 will require C-arm 26 to be
rotated by angle Al to a vertical plane 32. The point 34
about which image intensifier 20 is pivoted should
preferably be between adjacent vertebrae 17 and 19, (as
determined by viewing the lateral image through the patient
as shown in Fig. 4 as will be explained). Image intensifier
20 is preferably initially positioned about the patient such
that point 34 will be disposed equidistant between emitter
22 and a receiver 24. Accordingly, rotation of C-arm 26 in
plane 30 will be about point 34 with point 34 remaining
equidistant between emitter 22 and a receiver 24. The
correct angling of C-arm 26 about point 34 is accomplished
as follows.

As is seen in Fig. 4, when the image intensifier
is positioned as shown in Figs. 1 and 3, images of adjacent
vertebrae 17 and 19 will be seen. Receiver 24 is covered
with reticle 25 which has radiopaque indicia, for example,

crosshairs 40 and 42 as shown in Fig. 7. Being radiopaque,
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crosshairs 40 and 42 will also appear on the image viewed by
the system operator.

Adjusting the vertical and horizontal position of
C-arm 26 of image intensifier 20 will enable the image of
the intersection point of crosshairs 40 and 42 to be
positioned between adjacent vertebrae 17 and 19 collinear
with point 34 when the C-arm is positioned to take a lateral
view as illustrated in Figs. 1 and 4.

Similarly, adjusting the vertical and horizontal
position of C-arm 26 of image intensifier 20 will enable the
image of the intersection point of crosshairs 40 and 42 to
be positioned between adjacent vertebrae 17 and 19 collinear
with point 34 as shown when the C-arm is positioned to take
an anterior-posterior view as illustrated in Figs. 2 and 6.
In order to align C-arm 26 in the anterior-posterior view of
Figs. 2 and 6, C-arm 26 can be rotated by oblique angle A2.

When crosshairs 40 are aligned in the
intervertebral plane in both lateral and anterior-posterior
images, rotation of C-arm 26 in its plane of rotation (ie:
the plane defined by crosshair 40 on reticle 25, about point
34), will align the C-arm for rotation in a plane which is
co-planar to the patient’s intervertebral plane. Specific-
ally, when reticle 25 is initially attached to receiver 24,
crosshairs 40 are pre-aligned to be coplanar with the plane
of rotation of C-arm 26 as is shown in Fig. 7.

After aligning radiopaque crosshairs 40 with
intervertebral plane 32, the image intensifier can then be
rotated to any position in plane 30 about point 34, (which
is also viewable as the intersection point of crosshairs 40
and 42), including an anterior-posterior orientation as is
shown in Figs. 3 and 5, thus aligning C-arm 26 of image

intensifier 20 with the intervertebral plane 30.
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Once positioned as is shown in Figs. 1 and 3,
image intensifier 20 can then be easily rotated into the
position shown in Figs. 2 and 5 with C-arm 26 remaining in
plane 30 to take an anterior-posterior image.

It is to be understood that alignment of image
intensifier 20 with plane 32 can also be accomplished first
with the image intensifier positioned to take an anterior-
posterior view. For example, Fig. 6 shows an illustration
of the image intensifier view through adjacent vertebrae 17
and 19 taken along intervertebral plane 30 when the image
intensifier is positioned in the orientation shown in Figs.
2 and 5. Subsequently, image intensifier 20 can be easily
rotated to take a lateral view while C-arm 26 remains in the
selected intervertebral plane 30. Alignment of the image
intensifier with the selected intervertebral plane can also
be accomplished at positions between lateral and anterior-
posterior orientations.

While the above is a complete description of the
preferred embodiments of the invention, various
alternatives, modifications, and equivalents may be used.
Therefore, the above description should not be taken as
limiting the scope of the invention which is defined by the

appended claims.
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WHAT IS CLAIMED IS:

1. A method of aligning a C-arm of an image
intensifier for rotation in a selected plane, the C-arm
having a transmitter mounted at one end and a receiver
mounted at an opposite end, comprising:

identifying the selected plane by viewing the
location of bony structures with the image intensifier; and

aligning indicia disposed on a radio-opaque
reticle covering at least a portion of the receiver with the
selected plane, the indicia being aligned with the plane of
rotation of the C-arm, thereby aligning the plane of the C-

arm with the selected plane.

2. The method of claim 1, further comprising:

rotating the C-arm in the selected plane.

3. The method of claim 1, further comprising:
rotating the C-arm about a selected point in the

selected plane.

4, The method of claim 3, wherein the C-arm is
positioned such that the selected point is positioned
equidistantly between the receiver and the emitter disposed

at opposite ends of the C-arm.

5. The method of claim 3, wherein the indicia
comprise first indicia disposed in the plane of rotation of
the C-arm and second indicia disposed perpendicular to the

plane of rotation of the C-arm.

6. The method of claim 5, further comprising:

centering the selected point between the first and

second indicia.
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7. The method of any of claims 1 to 6, wherein,

the selected plane is an intervertebral plane.

8. A reticle for aligning a C-arm of an image
intensifier for rotation in a selected plane, the C-arm
having a transmitter mounted at one end and a receiver
mounted at an opposite end, comprising:

first indicia disposed in the plane or rotation of
the C-arm and second indicia disposed perpendicular to the

plane of rotation of the C-arm.

9. A crosshair reticle for attachment to an
image intensifier receiver for aligning the image
intensifier with an intervertebral plane passing between

adjacent vertebrae.
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