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by the yoke retainer to allow for correction of misalignment.
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CRADLE FOR AN ULTRASOUND PROBE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 13/116,071, filed May 26, 2011.

FIELD OF THE INVENTION

[0002] Theinvention relates to a cradle for holding an ultra-
sound probe, as may be used in brachytherapy.

BACKGROUND

[0003] The concept of insertion of radiocactive sources into
the prostate for the treatment of prostate cancer has a long
history. Many patients with prostate cancer were treated by
this method in the 1960s and 1970s. At that time the radioac-
tive seeds were placed in the prostate through an open surgical
incision in the lower abdomen. Because of the uncertainty of
seed placement by this method, this technique was aban-
doned.

[0004] By the late 1980s, technologic and scientific
advances in transrectal ultrasound imaging revived interest in
seed implantation for the treatment of prostate cancer. Tran-
srectal ultrasound probes make possible real-time interactive
placement of radioactive seeds into the prostate. The doctor
inserts an ultrasound probe into the rectum and attaches it to
a stabilizing device which secures the toot to a table or chair
for the duration of the treatment. In addition, 3-D simulation
software allows accurate determination of the doses delivered
to the prostate and surrounding structures, such as the blad-
der, urethra and rectum. These tools have permitted the refine-
ment of interstitial brachytherapy for prostate cancer and
have resulted in more accurate methods of delivering doses to
the prostate gland.

[0005] The stepper is a lightweight, precision stepping
device. The steppers modular design is adaptable to a variety
of transrectal transducers. The stepper features easy-to-read
marking scales.

[0006] A cradle may be connected to the stepper. The cradle
holds an ultrasound probe in a fixed position. When the cradle
is fixed to the stepper, the stepper allows a gentle fixed dis-
tance movement proximally and distally of an ultrasound
probe held in the cradle. Each step taken by the stepper is a
precise measured movement. The cradle will move with the
ultrasound probe depending on the movement of the stepper.
[0007] Inan ultrasound imaging system with an endorectal
ultrasound probe, the rectal probe must be able to image in
transverse section at least. It is advantageous to use a multi-
plane probe to visualize any longitudinal plane in order to see
the needle path. The frequency of the probe should range
between 5 and 8 MHz in order to achieve the necessary spatial
resolution as well as the necessary penetration depth.

[0008] The precision stepper enables the user to advance
and retract an endorectal ultrasound probe in the rectum to
image the prostate. The endorectal probe is inserted into and
fixed to the stepper and positioned by moving the stepper/
probe combination. Any endorectal probe from any producer
can be fitted to the stepper. Movable length of the probe with
the stepper: 100 mm, Scale for position recognition. Step
width: 2.5 mm or 5 mm selectable as well as free analog
movement in and out of the rectum. Additional free analogue
movement of the probe to define the exact starting point for
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stepwise movement: 50 mm. Template is movable (100 mm)
in the direction parallel to the ER probe’s long axis and can be
fixed in any position.

[0009] A needle guide grid system is provided for brachy-
therapy needles: Matrix of 13x13 individual channels (all
channels for 18 Gauge needles—standard) Two nomencla-
tures (reversible) of the needle channel rows: 1 to 7 (every
second row with number, front side of template) or 0 to 12
(every row with number, back side of template). Row spacing:
5 mm in both cases. Two nomenclatures (reversible) of the
needle channel columns: A to G (every second row with letter,
front side of template) or A to M (every row with letter, back
side of template). Column spacing: 5 mm in both cases. The
template is made of a material used for implants, and thus is
fully bio-compatible.

[0010] A device that supports the stepper is the stabilizer.
The stabilizer is connected to the guide rails of an OR table by
aspecific table holder, for example. The stabilizer and stepper
can be moved and positioned manually by the integrated
handle and fixed or loosed in its position in space by turning
one knob.

[0011] However, recently there have been many different
problems with the cradle. The problems with the cradle are
the ultra-sound probe will not stay in a fixed position, there-
fore, not allowing proper alignment of the needle grid to the
image on the display screen. Another problem with the cradle
is that the cradle does not allow for proper 90° degree cali-
bration, thereby no providing a repeatable, fixed reference
point to medical personnel. Another problem with the cradle
1s that when providing medical treatment for the patient by the
medical personnel, all moving parts on the cradle may come
undone, therefore, causing the cradle to be disassembled. The
disassembled cradle causes delay in providing treatment to
patients. Another problem with many cradles relates to needle
path verification. The needle path verification can be time
consuming when the medical personnel have to calibrate the
cradle holding the ultrasound probe to the needle grid. Many
cradles require that the medical personnel remove or adjust
the ultrasound probe, this is very time consuming and does
not provide efficient medical treatment. Therefore, there is a
need in the art to improve the calibration of the ultra-sound
probe and the needle path verification. Furthermore, it would
be appreciated to one skilled in the art to allow medical
personnel to improve patient treatment time, and provide an
efficient treatment modality for medical personnel.

SUMMARY OF INVENTION

[0012] According to one general aspect, a cradle holding a
probe used to image a patient prior to and during medical
procedures which a cradle is connected to a stepper-stabilizer
via a plurality of cradle fix holes. The cradle further includes
a locking knob attached to a side of the cradle for tightening
and loosening a latch holding the ultrasound probe. A capture
knob that is mounted inside the locking knob to prevent the
locking knob from detaching from the cradle. The latch is
connected on top of the cradle to wrap over and on top of the
ultrasound probe. ; a pressure pad formed on the latch fastens
to the probe when the latch is in a closed position, which
results in anchoring the ultrasound probe inside a probe
space. A micro-adjuster is connected to both sides of the
cradle, and allows for refined adjustment in angular rotation
around the horizontal axis of the cradle while connected to the
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stepper-stabilizer. Roller-bearings attached between the
cradle base and the cradle allow for smooth angular rotation
on the horizontal axis.

[0013] The micro-adjuster allows the cradle to be cali-
brated to a predetermined angle with or without the probe
affixed to cradle. The micro-adjuster allows medical person-
nel to adjustably rotate the cradle a maximum of 10° (+/-) via
mechanically altering the cradle yoke and side-railing assem-
bly rotatably, independently of a yoke retainer, which can be
precision-aligned by way of a detent to the cradle base.
[0014] The micro-adjuster preferably utilizes bearings
assembled to yoke retainer to control free rotation of the front
yoke with respect to the yoke retainer. Control of front yoke
rotation by the bearings may be altered by a screw or a release
button for quick calibration.

[0015] The cradle holds an ultrasound probe held in place
by a latch is set to lock by tightening the locking knob. The
latch pushes down on the probe via the pressure pad formed
on the latch. The pressure pad has a sloping, asymmetric
cross-section, which achieves mechanical advantage in secur-
ing the ultrasound probe in the cradle. Once secured, align-
ment of the ultrasound probe image can be refined using the
micro-adjuster capabilities. The pressure pad further features
a concave, curved surface for engaging the ultrasound probe.
Inthis fashion, the concave, curved surface allows from maxi-
mum surface area of the pressure pad to engage the probe,
thereby resulting further in no angular movement of the
probe.

DESCRIPTION OF THE DRAWINGS

[0016] FIG.11is a perspective view of an exemplary cradle
according to the present invention, shown mounted on a step-
per supporting a needle guide template.

[0017] FIG. 2 is a plan view from above of the cradle of
FIG. 1.

[0018] FIG. 3 isanelevation from the left side of the cradle
of FIG. 1.

[0019] FIG. 41is a distal/rear elevation of the cradle of FIG.
1.

[0020] FIG. 5 is a plan view from above of the cradle of
FIG. 1.

[0021] FIG. 6 is a proximal/front elevation of the cradle of
FIG. 1.

[0022] FIG. 7 is a plan view from below of the cradle of

FIG. 1, with a base of the cradle rotated to the right as seen on
the drawing sheet.

DETAILED DESCRIPTION

[0023] Theinvention generally relates to treatment of pros-
tate cancer treatment by using a stepper-stabilizer to image
the patient prior to and while inserting radioactive seeds for
dose treatment.

[0024] FIG. 1illustrates a top of view of a cradle 1 attached
to astepper 5. The stepper 5 is a piece of hardware that is used
to connect to a stabilizer. This overview illustrates the corre-
lation of the cradle 1 to the stepper 5. Further, attached to the
stepper 5 1s a needle guide template 9. The needle guide
template 9 is used to provide the location of brachytherapy
needle strands inserted into the human body while being
imaged on the patient, as by a Best NOMOS Sonalis system,
for example. The needle guide template 9 is fixed on the
system by way of template locking knob 2. The template
locking knob 2 allows a medical assistant to fix the template

Feb. 6, 2014

9, thus allowing calibration between the needle guide tem-
plate 9 and an ultrasound image provided by the ultrasound
probe. Tt is important that the ultrasound probe to be precisely
aligned with the template guide as illustrated on an imaging
device (not shown). However, there are still problems in the
prior art with alignment because of the misalignment of
cradles and steppers. This can result into placing a radioactive
seed in the wrong location, or not as directed by the treatment
plan.

[0025] As shown in FIG. 1, the stepper 5 has a baseline
marker 3. The baseline marker 3 measures the depth of the
probe during insertion into the human body. This allows
medical personnel to insert the probe to a specific depth in the
human body to image a front, middle, or back part of the
prostate, for example. The baseline marker 3 can be adjusted
using a fine-tuning knob 4, which allows medical personnel to
calibrate the stepper distance prior to inserting the probe into
the human body. The stepper 5 can be secured to a stabilizer
by way of tightening knobs on the base of the stepper 5. A
stepper knob 6 is used to move forward and backwards the
stepper 5, the cradle 1, and an ultrasound probe secured in the
cradle 1. Wing nuts 7 securely latch the stepper 5 to rods on
which a needle guide template support is located. The needle
guide template support is secured to the rods by knurled
knobs, of which only one, left-side knob 8, is shown in FIG.
1. Grommets on the needle guide support receive posts on the
needle guide template 9.

[0026] Although major adjustments of the system and com-
ponent alignment are afforded, prior art devices do not allow
fully for precise calibration of an ultrasound probe supported
in a prior art cradle; however, the cradle 1 of the present
invention was designed to allow for micro-adjustments. Fur-
ther, although the stepper 5 and needle guide template support
allow horizontal and vertical needle path adjustments by
changing the needle guide template location to match an
on-screen grid projected over an image generated by an ultra-
sound probe, when such horizontal and vertical adjustments
are made, there may remain alignment artifacts in the screen
display. Such alignment artifacts may result from manufac-
turing factors inherent to the ultrasound probe, for example.
System and component alignment, and removal of alignment
artifacts, may be accomplished using the micro-adjustment
aspects developed on the cradle 1 of the present invention.
[0027] FIG. 2 illustrates a top view of the cradle 1. The
cradle 1 includes a locking knob 10. The locking knob 1 0
secures a latch 11, which can be fixed over an ultrasound
probe to be secured in the cradle 1. The latch 11 is pivot-
mounted on a right side rail 22. As discussed further below,
the latch 11 allows for the probe to be fixed securely, whereas
prior cradles had problems with ultrasound probes sliding
out, or otherwise becoming loose. Also shown in FIG. 2 are
micro-adjuster bearings 20, discussed further below. The
cradle 1 may be attached to the stepper 5 by screws secured
via cradle-fix holes 21 formed through cradle base 13.
[0028] FIG. 3 illustrates a left-side view of the cradle 1,
shown in elevation. The locking knob 10 is fixed against loss
with a capture knob 12. The capture knob 12 is assembled to
a left side rail 23 of the cradle 1, typically using a high-
strength adhesive, while keeping locking knob 10 free to turn.
[0029] Referring further to FIG. 3, shown are a front yoke
14 and a rear yoke 17. The front yoke 14 and the rear yoke 17
are connected rigidly by the right side rail 22 and the left side
rail 23. The front yoke 14 is assembled to the micro-adjuster
bearings 20 to form a front yoke assembly, described further
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below. The front yoke assembly and the rear yoke 17 are
supported on various rollers 18 for rotation with respect to
cradle base 13. The micro-adjuster bearings 20 allow for
control of rotational movement of the front yoke 14 and the
rear yoke 17, affording refined adjustments of the cradle
through approximately 15° (7.5° +/-). As explained in further
detail below, the micro-adjuster bearings 20 are used, after the
cradle base 13 has been precision-located by detent in a
90-degree perpendicular plane, to account for any remaining
misalignments when correlating with images from ultra-
sound probes secured in the cradle. The micro-adjuster bear-
ings 20 allow medical personnel to change a beam plane
alignment slightly to correct calibration errors. Specifically,
some ultrasound probes are potted incorrectly during manu-
facture with crystal misalignment; therefore, the micro-ad-
juster bearings 20 allow for correction of manufacturing
defects by moving the ultrasound probe, secured within the
cradle, independent of a precision, 90-degree alignment
obtained from a center detent, as discussed herein.

[0030] FIG. 4 illustrates a front-view of the cradle 1. The
latch 11 can open and close over a given ultrasound probe.
The selected ultrasound probe may be placed into probe space
15 and enclosed by the latch 11. The latch 11 has a probe-
lock-fixer 16 that is attached to the latch 11. This is used to
hold the probe in place. Prior art cradles would hold the probe;
however, during medical procedures, the probes would be
known rotate a few degrees, which affects the imaging quality
and device alignment during the procedure. Therefore, probe-
lock-fixer 16 was designed to hold the probe in a fixed posi-
tion, without causing rotational plane movement. Advanta-
geously, pressure pad 16 has an eccentric, concave profile, as
can best be seen in FIGS. 4 and 6. The profile affords
mechanical advantage in securing the chosen ultrasound
probe in the probe space 15.

[0031] The cradle-base 13 supports housings featuring a
series of rollers 18. Therollers 18 allow for smooth, rotational
movement of the probe held in a fixed position in the cradle
space 15.

[0032] FIG.5isatopviewofthecradle1withlatch11 open
to show the probe-space 15. The selected ultrasound probe is
placed into the probe-space 15 and closed over by the latch
11. The latch 11 has a cone-shaped cavity 25 that accepts the
correspondingly cone-shaped lock knob 10. The lock knob 10
cooperates with the cone-shaped cavity 25, which allows for
self-tensioning of the latch 11 that holds the ultrasound probe
securely in place.

[0033] FIG. 6 illustrates a right-side rear view of the exem-
plary cradle 1 with latch 11 closed. The probe-lock-fixer 16 is
designed in a concave, eccentric fashion, as noted above. The
design allows for a maximum surface area to be held by the
probe-lock-fixer 16 against the ultrasound probe.

[0034] FIG. 7illustrates a bottom-view of the cradle. As the
yoke retainer 24 and rear yoke 17 rotate on roller-bearings 18
and move from one side to another side, the cradle-base 13
slides over the detent 19. The detent 19 cooperates with a
spring-loaded ball bearing supported on the base, and is used
to orient repeatably and precisely the yoke retainer 24 with
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respect to cradle base 13 in a 90-degree position. Prior art
cradles do not have this feature and the medical personnel
have to determine the angle prior to inserting the probe into
the human body. However, there may be misalignment issues,
despite detent 19; thus, the micro-adjuster bearings 20 allow
for medical personnel to readjust the orientation of the front
and rear yokes, and hence, an ultrasound probe held in the
probe space 15, with respect to perpendicular locker detent 19
to the exact 90 degrees. Importantly, this will allow medical
personnel to expedite verification of needle grid alignment.

What is claimed is:

1. A cradle for holding a probe used to image a patient prior
to and during medical procedures, the cradle comprising:

a base for securing to a stepper-stabilizer;

roller-bearings supported on the base; and

a probe-holder that rotates on the roller-bearings in a

smooth angular rotation on a horizontal axis relative to

the base

wherein the probe-holder comprises,

a front yoke and a rear yoke;

a yoke retainer supporting the front yoke;

a pivot side rail and a lock side rail spanning rigidly
between the front yoke and the rear yoke;

a locking knob that is captured to the lock side rail;

a capture knob mounted to the lock side rail inside the
locking knob to prevent the locking knob from
detaching; and

a latch hinged to the pivot side rail for pivoting to
engagement with the locking knob and over the probe;

wherein rollers rotatably support the yoke retainer and
the rear yoke, and free rotation of the front yoke is
controlled by the yoke retainer.

2. The cradle of claim 1, further comprising bearings
assembled to the yoke retainer, wherein the yoke retainer
controls free rotation of the front yoke by releasably securing
the front yoke to the bearings.

3. The cradle of claim 2, wherein the front yoke is reteas-
ably secured to the front yoke by screws tapped through the
bearings.

4. The cradle of claim 1, further comprising a detent
formed on the yoke retainer to precisely locate a 90-degree
orientation of the yoke retainer with respect to the base.

5. The cradle of claim 1, wherein the latch includes a
pressure pad, whereby the latch can be closed to press on the
probe via the pressure pad.

6. The cradle of claim 5, wherein the pressure pad is pro-
vided in a concave fashion to allow for maximum surface area
ofthe pressure pad to contacting the ultrasound probe thereby
resulting in no angular movement of the ultrasound probe
with respect to the cradle.

7. The cradle of claim 6, wherein the pressure pad has an
eccentric profile.

8. The cradle of claim 1, further comprising a pressure pad
attached to the latch for fastening over the ultrasound probe
when the latch is in a closed position and anchoring the
ultrasound probe inside a probe space.

I S T



patsnap

TREMOF) ATHEFE KRS

[F(RE)F US20140034800A1 RF(REH) A 2014-02-06
BRiES US14/050009 % A 2013-10-09
BB (% FIA) A (1) B #7HI 7 INTERNATIONAL , INC.

HARBEANYAF) HHFHETINTERNATIONAL , INC.

FRIRBAA STRONG DAVID

RAAN STRONG, DAVID

IPCH %S A61B8/00

CPCH¥S A61B8/4209 A61B8/0841 A61B8/085 A61B8/12 A61B8/4245 A61B2017/3411 A61B2017/3413

A61B2090/378 A61N5/1027 A61N2005/1012 A61N2005/1058

H {3 FF 3Tk US9320494
SNEBEE Espacenet USPTO
RE(R)

ATRERTEESEZFZAMARN 2EKENEFRANIRLSE
RTEEINSHRERNERE | BEEEE FAREHA | SUREHA
LRER MV RA T IR, AP H AR TEEN FBAERRK, RER
BENRMGEHE , Uk ETROTREER. XA AT
MEHR BN EEES, SIEEE  BUETBEN S , AP EBIELE
HEE. SEIRMNRENFSBSSERAES  NEEERXK
Lo HIZEBRBERERRSHAXN TEENEBEIEX £, RE WK
TEMBRGBRNEHR | HFERHRN B BERBMRRGSREH
BRAFRERT #,



https://share-analytics.zhihuiya.com/view/c8f9ac66-d063-40e4-95b8-41af59064e47
https://worldwide.espacenet.com/patent/search/family/050024537/publication/US2014034800A1?q=US2014034800A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140034800%22.PGNR.&OS=DN/20140034800&RS=DN/20140034800

