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| (87) Abstract

A device {(10) is provided for stabilizing
and positioning an otherwise hand-held medical
instrument (26), such as a biopsy power driver
and probe, to ensure the ability to accurately
place the probe into the breast and maintain po-
sition relative to a particular tissue site from any
desired entry point. The device comprises a
main arm (20) having a generally vertical por-
tion (18) and a generally horizontal portion (30).
A clamping assembly (14) permits attachment of
the apparatus (10} to a stationary object, which
is preferably an examination table (11), and in-
cludes a locking clamp (22) having a gripping
mode and a releasing mode for alternately grip-
ping and releasing the main arm (20), and a lever
assembly (23) for actuating the locking clamp
(22) between the gripping mode and the releas-
ing mode. A horizontal clamp (32), attached
to the generally horizontal portion {(30) of the
main arm (20), provides support for an articulat-
ing arm assembly (16) having a first arm portion,
or upper arm (36), and a second arm portion, or
forearm (38), wherein the upper arm and forearm
are attached together by an elbow joint (40), so
| that they may be articulated relative to one an-
other about a commeon axis disposed through the
elbow (40). A mounting bracket (44) for secur-
ing the biopsy power driver and probe (26) is attached to a distal end of the forearm (38). The elbow joint (40) attaching the upper arm
| (36) and forearm (38) of the articulating arm assembly (16) comprises a spring loaded counterbalance mechanism (52) which functions to
| support the weight of the medical instrument (26), thereby giving the instrument a weightless feel during the positioning process, which
prevents fatigue on the part of a user and therefore permits more delicate and precise movements of the instrument.




10

15

20

CA 02247076 1998-08-19

WO 97/30633 PCT/US97/02815

ARTICULALL SUIDE, A HOR MEDICAL APPLICATIONS

A need exists in the medical field for a positioning arm for holding and
stabilizing devices used in medical procedures. For example, in the field of breast
biopsy, a biopsy power driver and probe, such as that disclosed in U.S. Patent No.
5.526,822, commonly assigned with the present application, is known for
percutaneously obtaining tissue samples for analysis. However, to successfully
perform the procedure, it is necessary to stabilize and restrain the power driver and
probe to ensure accurate placement of the probe into the breast from any desired entry
point. Furthermore, once the probe has been properly positioned within the patient at
the lesion site, its position must be closely maintained for an extended period of time
during the tissue sampling process. Presently, either the physician or an assistant to
the physician performing the procedure often undertakes this function, but fatigue
often results, leading to unintended movement of the probe. As a result, numerous
attempts to accurately position the probe are often necessary. In a worst case, 1f the
unintended movements due to human error are not detected by the practitioner, the

location biopsied may not be the one desired.

Summary of the Invention

The present invention solves the aforementioned problems by providing a
device having great positional flexibility, which stabilizes and positions the biopsy
power driver and probe as desired to ensure the ability to accurately place the probe

into the breast and maintain position relative to the target tissue from any desired
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entry point.

More particularly, an apparatus is provided for securing and positioning
medical instruments, which comprises a main arm having a generally vertical portion
and a generally horizontal portion. A clamping assembly permits attachment of the
apparatus to a stationary object, which is preferably an examination table. The
clamping assembly comprises a locking clamp having a gripping mode and a
releasing mode for alternately gripping and releasing the main arm, and a lever
assembly for actuating the locking clamp between the gripping mode and the
releasing mode. A horizontal clamp is attached to the generally horizontal portion of
the main arm. An articulating arm assembly having a first arm portion, or upper arm,
and a second arm portion, or forearm, is provided, wherein the upper arm and forearm
are attached together by an elbow joint, so that they may be rotated relative to one
another about a common axis. A proximal end of the upper arm 1s attached to the
horizontal clamp by means of a shoulder joint, which preterably provides a rotational
capability through a 360 degree range. Yet another joint, herematfier referred to as a
"wrist", is disposed at a distal end of the forearm, to which 1s attached a mounting
bracket for securing a medical instrument, such as a biopsy power driver and probe,
thereto. Both the elbow and wrist jomts provide relative anguiar motion for the
articulating arm portions. The articulating arm assembly 1s further adapted to swing
out of the way while the patient is being positioned for a medical procedure.

One advantageous feature of the present invention is that the generally vertical
main arm portion is adjustable n height, in order to compensate for anatomical
variations in individual patients, and 1s adjustable radially i order to provide access
to either side of the patient's body.

Another advantageous feature of the present invention 1s that the locking
clamp is spring biased to its gripping position, so that it is only maintained in its
releasing position by actuating (pushing or pulling) and holding the lever assembly,
thereby ensuring that the main arm is held in a fixed position at all times other than
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when it is desired to adjust the relative position of the apparatus with respect to the
patient. The lever assembly 1s particularly designed to ensure that it may be easily
reached and actuated by a user standing anywhere along the head end or along either
side of the examunation table. This design preferably includes a laterally extending
looped member which extends beneath the examination table such that portions of the
looped member are proximate to each of the head end and two sides thereof.
However, other configurations may be utilized as well, as long as they are of a
symmetrical construction mn order to provide ready access from any of the head end
or either side of the table.

Still another advantageous feature of the invention is that the elbow joint
attaching the upper arm and forearm of the articulating arm assembly comprises a
spring loaded counterbalance mechanism which functions to support the weight of a
medical instrument attached to the mounting bracket of the apparatus, thereby giving
the instrument a weightless feel during the positioning process, which prevents fatigue
on the part of a user and therefore permits more delicate and precise movements of
the istrument.

Yet another advantageous feature of the invention is the inclusion of a micro-
advance mechanism disposed distally of the aforementioned wrist joint, which, after
fully restraining all clamps, permits fine adjustment of the linear position of a medical
instrument attached to the mounting bracket. Significantly, the micro-advance
mechanism 1s self-locking; 1.e. 1t has sufficient friction such that it only moves upon
actuation of an adjustment knob.

In another aspect of the invention, an apparatus for securing and guiding
medical instruments 1s provided which comprises a main arm to which a medical
mmstrument may be secured and a clamping assembly for attaching the main arm to an
examination table. The exammation table has a head end, a foot end, and two sides,
and the clamping assembly comprises a locking clamp having a gripping mode and a

releasing mode for altemately gripping and releasing the main arm, as well as a lever
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assembly for actuating the locking clamp between the gripping mode and the
releasing mode. Advantageously, the lever assembly comprises a vertical member
joined to the locking clamp and extending downwardly therefrom, and a laterally
extending symmetrical member, which is preferably of a looped configuration, joined
to the downwardly extending member. The looped member extends beneath the
examnination table such that portions of the looped member are proximate to each of
the head end and the two side ends. It is conveniently located sufficiently inwardly
from the edges of the table top to prevent inadvertent actuation or release. With such
a construction, a user may reach a portion of the looped member while standing at
any of the head end or either side of the examination table and actuation of any
portion of the looped member causes the vertical member to either swivel or move
vertically, thereby actuating the locking clamp to the releasing mode.

In stili another aspect of the invention, an apparatus for securing and guiding
medical mstruments 1s provided which comprises a main arm and an articulating arm
assembly having a first end and a second end. The first end is attached to the main
arm and the second end is attached to a holder to which a medical instrument may be
mounted. Advantageously, a micro-advance mechanism is disposed at the second end
for permitting fine adjustment of the linear position of a medical instrument attached
to the holder.

The mvention, together with additional features and advantages thereof, may
best be understood by reference to the following description taken in conjunction with

the accompanying illustrative drawing.

Fig. 1 1s a perspective view showing an examination table which includes an
articulating guide arm constructed in accordance with the principles of the invention;
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Fig. 2 is an enlarged perspective view, in 1solation, of one embodiment of the

articulating guide arm shown in Fig. 1;

Fig. 3 is a detail top view of the ball jomnt forming a part of the inventive

articulating guide arm;

Fig. 4 is a side view of the articulating guide arm shown in Fig. 1, illustrating

the constructional details of spring-actuated counterbalance mechanism;

Fig. 5 is a cross-sectional view of the spring-actuated counterbalance

mechanism illustrated in Fig. 4;

Fig. 6 is a top cross-sectional view, in isolation, of the clamping assembly for

the articulating guide arm illustrated in Fig. 1;

Fig. 7 is a cross-sectional view of the clamping assembly, similar to Fig. 6,

~illustrating the clamping assembly attached to the underside of an examination table;

Fig. 8 is a side cross-sectional view of the clamping assembly of Fig. 1,
illustrating the clamping assembly attached to an examination table;

Fig. 9 is an end view, 1n isolation, of a modified embodiment of the
articulating arm illustrated in Fig. 1;

Fig. 10 is a side view, in isolation, of the articulating arm illustrated mn Fig. 9;

Fig. 11 is a schematic top view of a micro-advance mechanism constructed in

accordance with the principles of the invention, for providing fine linear adjustment
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capability for a probe installed on the inventive articulating guide arm assembly; and

Fig. 12 is a schematic side view of the micro-advance mechanism illustrated in
Fig. 11.

Detailed Description of the Drawing

5 Referring now more particularly to the drawings, there is shown in F ig. 1 an
apparatus 10 comprising an examination table 11 having a table mount 12 at the head
end, for providing a rigid stable platform onto which a table clamp block 14 may be
mounted. The table clamp block 14 is utilized to attach an articulating arm assembly
16 to the table 11. A table mount for mounting the articulating arm assembly 16 is

10 preferred, as opposed to a floor, wall, or ceiling mounted system, because it provides
security in knowing that if the table were accidentally moved during a biopsy
procedure, the biopsy probe would maintain its position relative to the patient.
However, if desired, alternative mounting arrangements could be employed.

A vertical leg 18 of a main arm 20 extends upwardly from the table clamp

15 block 14, and is mounted thereto so that it may be held in any desired radial or
vertical position. The table clamp block 14 comprises two bearings 21 (Fi g. 8) which
accept the leg 18, and a spring biased locking clamp 22 (Fig. 6) which is actuated by
a lever assembly 23. The constructional details and particular advantages of the
mventive clamp block 14 will be further described hereinbelow. The leg 18 may be

20 rotated mto any desired position by pushing the lever assembly 23, applying a lateral
force, and maintaining application of that force while rotating the leg 18 (F 1gs. 6 and
8). As soon as the lever assembly is released, the clamp 22 re-clamps the leg 18.
This same procedure may be used to adjust the height of the arm 20, except that a
height adjustment tube 24 is rotated instead of the main arm 20, while lateral force is

25 applied to the lever assembly 23. The height adjustment tube 24 comprises a
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threaded bushing which engages an external thread on the main arm 20. The threaded
portion of the main arm 20 is approximately six inches longer than the threaded

bushing, thereby providing approximately six inches of vertical travel. The bottom
face of the adjustment tube abuts the top bearing of the table clamp block bearing,
and contact between these features is maintained by gravity and because of an
interlocking relationship of the vertical fit assembly. It 1s important to be able to
adjust the height of a biopsy driver 26 in this manner in order to compensate for
anatomical variations in individual patients, and to accommodate for lesions at
different elevations within a patient.

The main arm 20 is preferably a structurally strong round bar having a 90
degree bend 28 disposed close to the midpoint of the bar. It 1s designed to be strong
enough to support the weight of the biopsy driver 26 and articulating arm 16.

Resides the vertical leg portion 18 and the bend 28, the arm 20 comprises a horizontal
portion 30. On the horizontal arm portion 30 is disposed a horizontal clamp 32 which
has a knob 34 for actuating the clamp between a clamped and an unclamped state
(Fig. 2). Using the clamp 32, a physician may slide the articulating arm 16 and
biopsy driver 26 along the horizontal arm portion 30, for proper positioning relative to
a desired target tissue location within the patient.

Referiing now more particularly to Fig. 2, the articulating arm 16 comprises
an upper arm 36 and a lower arm or forearm 38. The two arm portions are joimned by
a rotating counterbalanced locking joint or elbow 40. The proximal end of the upper
arm 36 is joined to the horizontal clamp 32 by means of an upper ball jomt or
shoulder 42, which is capable of rotation through a range of 360 degrees, and the
distal end of the forearm 38 is joined to a mounting bracket 44 by means of a rotating
joint or wrist 46. Ball joint 42 is shown m greater detail n Fig. 3. As illustrated, the
shoulder joint 42 and rotating wrist 46 provide both radial and vertical adjustment
through a 360 degree range, and include cut-outs 48 which maintain a particular
desired orientation between the driver 26 and the articulating arm 16. A clamp 50 on
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the rotating elbow joint 40 actuates and simultaneously locks all three joints 40, 42,
and 46, to provide a very wide range of vertical and radially positioned adjustments
for the biopsy power driver 26. The clamp 50 is locked down and released by
actuating a knob 51. An important feature of the invention is a spring actuated
counterbalance mechanism 52, which is disposed at the e]lbow joint 40 and functions
to support the weight of the biopsy driver 26, thereby creating a "weightless" feel
which greatly improves tactile feel while advancing the biopsy probe into a lesion,
and also reduces user fatigue.

Now with reference to Figs. 4-5, the constructional details of the spring
actuated counterbalance mechanism 52 are illustrated. The mechanism 52 includes a
cylindrical cover 54 enclosing a retaining ring 56, a torsion spring 58, a sleeve 60, a
center pin 62, and a bushing 64. Screws 66 and 68 function to fasten the bushing 64
to the rotating elbow joint and the cover 54 to the center pin 62, as illustrated best in
Fig. 5.

The biopsy driver 26 is preferably a device for percutaneously

obtaining tissue samples from lesions detected using radiological

1maging techniques, as disclosed for example in U.S. Patent No.
3,026,822 and U.S. Patent No. 5,649,547 both of which are commonly

assigned with the present application. However, the apparatus 10 is

useful for any type of medical device, for example, which is otherwise
hand held, and which requires fine manipulation during access and
positioning, and further requires that such positioning be accurately
maintained for an extended period of time (more than 60 seconds)
relative to a patient. Examples of such medical devices include radio -

frequency and cryogenic probes, for example.

A particularly advantageous feature of the invention is the
constructional design of the table clamp block assembly 14, and, more
particularly, that of the lever assembly 23. As illustrated especially in
Figs. 1, 6, and 7, the lever assembly 23 comprises a downwardly

extending portion 70 which is joined to a tubular looped
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portion 72 extending beneath the table 11 so that 1t can readily reached and pulled by
a person standing either at the head or on either side of the table 11. Actuation of the
lever assembly 23 rotates a pin 73 (Figs. 6 and 8) to compress disk springs 94 and
thereby release the clamp 22. Thus, an individual preparing the apparatus 10 for use
in a procedure is able to actuate the clamp 22, and thereby adjust the position of the
horizontal and vertical portions of the main arm 30, by pulling or pushing on the
looped portion 72 from wherever he or she happens to be standing about the table 11,
in the direction of any of the arrows 72', 74, 76, or 78, for example (Fig. 7).

Another advantageous feature of the invention is illustrated m Figs. 9-12,
which figures show a modified, presently preferred, embodiment of the articulating
arm assembly 16, like elements of the modified embodiment being designated by the
same reference numerals as those used in the first embodiment, followed by the letter
"a"  The primary difference between this modified embodiment, and the embodiment
illustrated in Fig. 2 is the inclusion of a micro-advance mechanism 81 for the bracket
44a, so that the linear position of the probe 26 respective to the patient may be finely
adjusted after actuating knob 51a to lock clamp 50a and joints 42a and 46a. More

‘particularly, the bracket 44a includes a holder 82 for mounting the driver and probe

26 by means of a mechanical fastener 84, such as a screw. The bracket further
includes a top plate 86, which is attached at its upper end to the joint 46a, and at its
lower end to the micro-advance mechanism 81. The micro-advance mechanism 1s
constructed so that rotation of a linear advancement knob 88, mounted on either side
of the micro-advance mechanism 81 (Fig. 11), will rotate a pinion gear 90 (Fig. 12).
The pinion gear 90 engages a rack 92, so that rotation of the pimion gear 90 in one
direction causes the rack 92 to move linearly in a first direction, and rotation of the
pinion gear 90 in the other direction causes the rack 92 to move linearly in a direction
opposite to the first direction. Since the holder 82 is fixedly connected to the rack
92. linear movement of the rack allows for travel of the holder 82, carrying the driver
and probe 26, through a linear range of motion indicated by the distance x 1llustrated
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in Fig. 11.

In operation, the biopsy power driver and probe 26, or other suitable
Instrument, 1s mstalled securely to the bracket 44, 44a, using the fastener 84 (Figs. 2
and 10). 'Then, the holder 82 is prepositioned to a point midway along the length of
travel x (Fig. 11), by rotating the micro-advance stage knob 88. At this point in time,
a patient may lie down on the examination table 11 in the supine position. The lever
23 1s then actuated from any position on either side or at the head of the table 11 by
pulling on the loop 72 to cause the spring actuated locking clamp 22 on the table
clamp block 14 to open against the biasing force of springs 94 (Fig. 6), so that the
main arm 20 may be rotated mto a desired position to begin the biopsy procedure.
The clamp 22 remains open as long as the lever 23 is being pulled. The height
adjustment tube 24 may also be rotated to position the biopsy power driver 26 at an
appropriate height for the particular patient on the table 11. Following this step, the
clamp is reactivated to a locked position, merely by releasing the lever 23 and thereby
allowing the springs 94 to bias the clamp to its closed and locked position.

At this pomt, the horizontal clamp 32 is unclamped, moved over the desired
biopsy site on the patient's body, then re-clamped by turning knob 34 in a clockwise
direction. Once the patient is prepared for the biopsy procedure, the clamp 50 is
released, and the biopsy power driver and probe 26 is supported in one hand while
the probe 1s advanced to the desired biopsy site. Once positioned, the knob 51 is
turned to clamp and lock all three joints 40, 42, and 46, and both articulating arm
portions 36 and 38, with a single fluid motion. At this point, if a fine axial
adjustment of the position of the probe 1s necessary, this can be accomplished by
rotating the knob 88 as desired. Then, the biopsy is taken, following which knob 88
IS rotated to retract the probe out of the breast, or alternatively, the knob 51 is turned
counter-clockwise to unlock the clamp 50, and the probe is removed from the biopsy
site. The clamp 22 in the table clamp block 14 is then released, by pulling on the
loop 72 as described above, and the main arm 20, carrying power driver and probe

10
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26. may then be swung away from its position over the table 11.
While this invention has been described with respect to various specific

examples and embodiments, it is to be understood that the invention is not limited
thereto and that it can be variously practiced within the scope of the following claims.

11
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What is claimed is:

1. An apparatus for secuﬁng and posttioning medical mstruments,
comprising: | ' ’

a main arm having a generally vertical portion and a generally horizontal
portion; |

a clamping assembly for attaching said apparatus to a stationary object, the
clamping assembly comprising a locking clamp having a gripping mode and a
releasing mode for alternately gripping and releasing said main arm, and a lever
assembly for actuating the locking clamp between the gripping mode and the
releasing mode;

a horizontal clamp attached to the generally horizontal portion of said main
ariil,

an articulating arm assembly having an upper arm and a forearm , said upper
arm and said forearm being joined together by an elbow jomnt, such that the upper arm
and forearm may be rotated relative to one another about a common axis, a proximal
end of the upper arm being attached to said horizontal clamp; and

a mounting bracket disposed at a distal end of the forearm, for securing a
medical instrument thereto.

2. The apparatus for securing and positioning medical instruments as
recited in claim 1. wherein said generally vertical main arm portion 1s adjustable in
height.

3. The apparatus for securing and positioning medical instruments as
recited in claim 2, wherein said generally vertical main arm portion includes a height
adjustment tube comprising a threaded bushing. the generally vertical main arm
portion having a threaded portion on an exterior surface thereof which engages said

12
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threaded bushing, the height of said generally vertical main arm portion being
adjustable by rotation of said height adjustment tube.

4. The apparatus for securing and positioning medical instruments as
recited in claim 1, wherein said locking clamp includes a spring for biasing the clamp

to the gripping mode.

S. The apparatus for securing and positioning medical instruments as
recited in claim 4, wherein said lever assembly 1s adapted to open said locking clamp
to the releasing mode when actuated and held by a user, the biasing spring closing
said locking clamp to the gripping mode when the lever assembly is released.

6. The apparatus for securing and positioning medical instruments as
recited in claim 1, wherein said horizontal clamp may be moved to any desired

position along the generally horizontal portion of said main arm.

7. The apparatus for securing and positioning medical instruments as
recited in claim 1, wherein said elbow joining the upper arm and the forearm of the
articulating arm assembly comprises a counterbalance mechanism which functions to

support the weight of a medical instrument attached to said mounting bracket.

8. The apparatus for securing and positioning medical instruments as

recited in claim 1, wherein said medical instrument comprises a biopsy probe and a
driver.

13
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