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Description

[0001] The presentinvention relates generally to ultra-
sound transducer probes used in ultrasound imaging sys-
tems and more particularly, to with an ultrasound trans-
ducer probe with a housing that provides improved er-
gonomics to the operator of the probe during use.
[0002] Ultrasound transducer probes are often used
for interoperative imaging of a patient’s internal body
parts. The probes, also referred to as a ultrasonic or ul-
trasound scanhead, include a housing and a transducer
arranged in the housing in a position such that ultrasound
waves are emitted from an active surface of the trans-
ducer toward the body part as the housing is passed over
the body part. The transducer then receives ultrasound
waves reflected from the body part. A cable is connected
to the transducer and passing through an opening in the
housing to connect the transducer to a control unit and
allow for signal transmission between the transducer and
the control unit. Signals representative of the received
ultrasound waves are provided by the transducer to the
control unit via the cable and processed by the control
unit to obtain images of the body part.

[0003] A drawback in the use of ultrasound probes of
this type is that the opening in the housing through which
the cable passes is often arranged in a position which
does not provide ergonomic use of the probe. For exam-
ple, in some designs, the cable passes through an open-
ing at the top of the housing of the probe, opposite to the
body-contacting surface of the probe, and in a direction
perpendicular to the active surface of the probe ("on ax-
is"). Since the probe is held during operation at a position
between the body-contacting surface and the top of the
housing, and since constant pressure contact is required
for suitable imaging, the cable exits the housing from a
location above the hand of the operator and the operator
is often required to exert a gripping force to securely hold
the probe against possibly tension exerted by the cable
and the probe/patient contact pressure. Moreover, the
operator’s wrist may be repeatedly deflected under pres-
sure resulting from the cable’s tension and torque.
[0004] US 5,752,517 and JP 09-033496 (published on
07-02-1997) disclose prior art ultrasonic probes.

[0005] As such, it would be desireable to provide a
housing for an ultrasonic transducer which provides im-
proved ergonomics.

[0006] Itis anobject of the presentinvention to provide
a new transducer probe for use in internal ultrasound
imaging systems, such as general abdominal and obstet-
ric imaging applications.

[0007] It is another object of the present invention to
provide a new ultrasonic transducer probe which is de-
signed in consideration of ergonomicfactors, e.g., tomin-
imize the hand pressure, gripping force and wrist torque
required to be exerted by an operator to operate the
probe.

[0008] In order to achieve these objects and others, a
transducer probe in accordance with the invention in-
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cludes a housing with an upper portion defining a sub-
stantially spherical outer surface adapted to be gripped
by an operator of the probe and a lower portion defining
a bottom of the housing and a cable exit opening adapted
to enable a cable to pass from an interior of the housing
to an exterior of the housing. The cable exit opening is
thus positioned between the bottom of the housing and
the upper portion of the housing. Moreover, a cable con-
duit extends from the cable exit opening to lead the cable
out of the interior of the housing at an angle of about 0°
to about 30° relative to a horizontal plane of the housing
perpendicular to a central, vertical axis thereof.

[0009] The positioning of the cable exit opening below
the portion of the housing gripped by the operator, pref-
erably in combination with the orientation of the cable
conduit at an angle to the horizontal plane of the housing,
is effective to minimize the effective weight/torque which
arises during movement of the housing and cable relative
to a control unit which is coupled to the cable. During
use, the operator’s wrist is positioned above the cable
exit opening and this has been found to provide a reduc-
tion in the impact of tension from the cable and torque
being exerted by the cable on the operator’s wrist. Fur-
thermore, the substantially spherical outer surface is in-
tended to provide a form suitable for maintaining a "wrist
neutral", "natural power grip" hand and wrist position
throughout scanning manipulation and to facilitate one-
hand rotation of the probe for image plane changes dur-
ing scanning.

[0010] Inone embodiment, the housing is made of two,
substantially mirror-image components, each having a
hemispherical portion which provides half of the upper
portion of the housing and a lower arcuate portion which
provides half of the lower portion and includes a channel
which provides half of the cable conduit. One or both of
the housing components may be provided with a mount-
ing structure to enable the transducer to be securely
mounted to the housing. The components are provided
with a cooperating or complementary attachment struc-
ture, e.g., a projection and a recess, to enable them to
the secured together.

[0011] A transducer probe in accordance with the in-
vention includes the housing in any of the forms de-
scribed above, a transducer arranged in the interior of
the housing and having an active surface oriented toward
a bottom of the housing and a cable for connecting the
transducer to a control unit of the probe. A lens may be
attached to the housing or to the transducer in a position
opposite the active surface of the transducer. A loadable,
flexible epoxy material is optionally arranged in aninterior
of the housing and variably loaded to counter balance
the cable.

[0012] Use of a probe including the housing described
above provides improved ergonomic properties which
enhance the operator’s ease of use of the probe.
[0013] The invention, together with further objects and
advantages thereof, may best be understood by refer-
ence to the following description taken in conjunction with
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the accompanying drawings, wherein like reference nu-
merals identify like elements and wherein:

FIG. 1 is a perspective view of a housing of an ultra-
sound transducer probe in accordance with the
present invention.

FIG. 2is aninternal view of an ultrasound transducer
probe including the housing shown in FIG. 1.

FIG. 3is afront view of a first component of the hous-
ing shown in FIG. 1.

FIG. 4 is a bottom view of the housing component
shown in FIG. 3.

FIG. 5 is a cross-sectional view of the housing com-
ponent shown in FIG. 3 taken along the line 5-5 of
FIG. 3.

FIG. 6 is an enlarged view of the section designated
Ain FIG. 5.

FIG. 7 is a front view of a second component of the
housing shown in FIG. 1.

FIG. 8 is a bottom view of the housing component
shown in FIG. 7.

FIG. 9is a cross-sectional view of the housing com-
ponent shown in FIG. 7 taken along the line 9-9 of
FIG. 7.

FIG. 10is an enlarged view of the section designated
Bin FIG. 9.

[0014] Referring to the accompanying drawings
wherein like reference numerals refer to the same or sim-
ilar elements, FIG. 1 shows a housing for an ultrasonic
transducer probe in accordance with the invention which
is designated generally as 10. The housing 10 includes
an upper portion 12 having a substantially spherical outer
surface 12a and a lower portion 14 having the approxi-
mate, general shape of a truncated cone. The upper por-
tion 12 is designed such that the operator of the probe
can easily place their hand over it. The lower portion 14
defines a bottom of the housing 10 and includes inwardly
directed lips 16 defining an opening 18 through which
ultrasonic waves are transmitted and received during use
of the probe.

[0015] One of the objectives of a housing for a trans-
ducer probe in accordance with the invention is to facil-
itate operation of the probe by an operator. To this end,
the spherical outer surface 12a of the upper portion 12
is designed to fit the "power grip" or natural position of
the human hand and easily facilitate one-handed rotation
and angulation of the probe.

[0016] Another objective of a housing in accordance
with the invention is to provide an exit for a cable, which
typically connects a transducer in the housing to a control
unit which controls the probe, in a particular position rel-
ative to the portion of the housing which is gripped by the
operator and which position has been found to provide
improved ergonomic use of the probe. Specifically, in the
invention, the housing 10 is designed to provide an exit
for a cable at a position below the portion of the housing
which is gripped by the operator and structure for guiding
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the cable from the exit in a direction at a narrow angle to
a horizontal plane of the housing. This is in contrast to
prior art probes wherein the cable exits from a position
above the portion of the housing of the probe which is
gripped by the operator during use and in a direction per-
pendicular to the horizontal plane of the probe and per-
pendicular to the plane in which the operator’s wrist is
positioned during use of the probe.

[0017] To achieve this objective, reference is made to
FIG. 2 which shows an ultrasonic transducer probe 20
including the housing 10 in accordance with the inven-
tion. As shown, the lower portion 14 of the housing 10
includes a cable exit opening 22 through which a cable
24 passes to connect the transducer 26 mounted in the
housing 10 to the control unit (not shown). Wires 28 of
the cable 24 are connected to the transducer 26 which
may be any type of transducer capable of performing
imaging. Thus, in the housing 10, the cable exit opening
22 is arranged below the upper portion 12 which is
gripped by the operator during use of a probe including
the housing 10.

[0018] The probe 20 also includes a convex lens 30
through which the ultrasonic waves pass to and from the
active surface of the transducer 26. Lens 30 may be part
of the housing 10 and attached thereto by any means
known in the art, such as by an adhesive agent. In the
alternative, the lens 30 may be attached to or formed in
connection with the transducer 26.

[0019] Moreover, to further improve the ergonomics of
the housing 10, the housing 10 includes a cable conduit
32 leading from the cable exit opening 22 and which is
designed to lead or orient the cable 24 out of the housing
10in a particular direction. Specifically, the cable conduit
32 leads from the cable exit opening 22 in a direction at
an angle to a horizontal plane 34 of the housing 10, hor-
izontal plane 34 being a plane perpendicular to the ver-
tical, central axis Y of the housing 10 (see FIG. 2). This
angle is designated o in FIG. 2 and ranges from about
0° to about 30°, an angle of 0° means that the cable
conduit 32 leads the cable 24 out of the housing 10 in a
direction parallel to the horizontal plane 34 of the housing
10. The transducer 26 is often usually arranged such that
its active surface 26a is parallel to the horizontal plane
34 of the housing 10 and thus the cable 24 would exit in
a direction at an angle to the active surface 26a of the
transducer 26.

[0020] The specific angle at which the cable conduit
32 leads the cable 24 from the housing 10 depends in
part on the distance between the outer edge 32a of the
cable conduit 32 and the body-contacting plane 36 of the
probe 20. Generally, if the outer edge 32a of the cable
conduit 32 is close to a horizontal body-contacting plane
36 of the probe 20, then the angle o will be higher than
if the outer edge 32a is farther from the body-contacting
plane 36. This is because a larger angle is needed the
lower the outer edge 32a is to the body-contacting plane
36 in order to prevent the cable 22 from draping down
onto the patient during examination.
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[0021] In the probe 20, it is possible to selectively
weight the probe 20 to balance it in its neutral position.
This can be accomplished by filling a part or all of the
available interior of the housing 10 with a loaded, flexible
epoxy 58, or similar material, which may be appropriately
loaded or weighted depending on the construction of the
housing 10 and the cable 24 (see FIG. 2). For example,
the loading of the epoxy 58 may be heavier in the front/
nose 60 of the housing 10 of the probe 20 (that portion
of the housing 10 opposite from the cable exit opening
22) to counterbalance the cable 24 (the heavier loading
being represented by the gradually increasing dots to-
ward the front/nose 60 in FIG. 2). This intentional weight-
ing of the interior of the probe 20 is effective to counter-
balance residual torque caused by the cable 24, which
may occur in spite of the specific positioning of the cable
exit 32 as described above.

[0022] An EMI-RFI shield layer 62 may also be provid-
ed around the transducer 26.

[0023] Referring now to FIGS. 3-10, housing 10 may
be made of two components 38,40, which are substan-
tially mirror-image components (with some differences
as described below). Each housing component 38,40
may be made of molded plastic or similar material(s).
Although the illustrated embodiment shows the fabrica-
tion of the housing 10 from two separate components
which are attached together to form the complete housing
10, itis possible and conceivable to form the housing 10
from a unitary member and this form of construction is
also intended to be within the scope of the invention.
[0024] The first housing component 38 is shown in
FIGS. 3-6 and has a hemispherical portion 42a which
provides half of the upper portion 12 of the housing 10
and a lower arcuate portion 44a which provides half of
the lower portion 14 and includes a channel 46a which
provides half of the cable conduit 32. A recess 48a is
defined by the inwardly directed flanges 50a which cor-
responds to half of the opening 18 defined by the lips 16.
One or more mounting mechanisms 52a are formed on
theinner surface of the component 38 to enable the trans-
ducer 26 and/or other internal probe electronics to be
mounted thereto. To enable connection of the housing
components 38, 40 together, the housing component 38
includes a projection 54 extending from a lateral surface
defining an edge of the housing component 38, and the
projection 54 is designed to mate with a corresponding
recess 56 formed in a lateral surface defining an edge of
the housing component 40.

[0025] The second housing component 40 is shown in
FIGS. 7-10 and has a hemispherical portion 42b which
provides half of the upper portion 12 of the housing 10
and a lower arcuate portion 44b which provides half of
the lower portion 14 and includes a channel 46b which
provides half of the cable conduit 32. A recess 48b is
defined by the inwardly directed flanges 50b which cor-
responds to half of the opening 18 defined by the lips 16.
Instead of or in addition to the mounting mechanisms 52a
formed on the inner surface of the first housing compo-
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nent 38, one or more mounting mechanisms 52b may be
formed on the inner surface of the second housing com-
ponent 40 to enable the transducer 26 and/or other in-
ternal probe electronics to be mounted thereto. As noted
above, arecess 56 is formed in a lateral surface defining
an edge of the housing component and accommodates
the projection 54 extending from the lateral surface de-
fining the edge of the first housing component. Other
mechanisms for attaching the first and second housing
components 38,40 together can also be used in the in-
vention.

[0026] To assemble the probe 20, the electronics to
be placed in the interior of the housing 10, e.g., the trans-
ducer 26, are connected to wires 28 of a cable 24, and
mounted to one of the housing components, e.g., the first
housing component 38, via the respective mounting
mechanism 52a and such that the cable 24 passes
through the channel 46a. The second housing compo-
nent 40 is then attached to the first housing component
38 having the transducer 26 mounted thereto via the co-
operating projection 54 and recess 56 in the lateral edges
of the housing components 38,40. At the same time, the
mounting mechanism 52b in the second housing com-
ponent 40 may be coupled to the electronics to thereby
secure the transducer 26 within the housing 10. If the
lens 30 is part of the housing 10, then it is first attached
to one of the housing 38, 40 and then to the other housing
component 38, 40 when the housing components 38, 40
are attached to one another. If the lens 30 is part of the
transducer 26, then itis mounted to the first housing com-
ponent 38 and adhered thereto and then when the sec-
ond housing component40is attached to the first housing
component 38, it is attached thereto.

[0027] Inview of the positioning of the cable exit open-
ing 22 below the upper portion 12 of the housing 10 which
is gripped by the operator and orienting it at a non-per-
pendicular angle to the horizontal plane 34 of the housing
10, the effective contribution of weight/torque by the ca-
ble 24 during use of the probe 20 is minimized. An effec-
tively ergonomic housing for a transducer probe is there-
fore provided.

Although illustrative embodiments of the present inven-
tion have been described herein with reference to the
accompanying drawings, it is to be understood that the
invention is not limited to these precise embodiments,
and that various other changes and modifications may
be effected therein by one of ordinary skill in the art with-
out departing from the scope of the invention.

Claims
1. A transducer probe (20), comprising:
a housing (10) defining an interior;
an ultrasonic transducer (26) arranged in said

interior of said housing and having an active sur-
face oriented toward a bottom of said housing;
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and

a cable (24) for connecting said transducer to a
control unit of the probe,

said housing (10) including an upper portion (12)
substantially shaped according to a sphere and
defining a substantially spherical outer surface
having the diameter of said sphere and being
adapted to be gripped by an operator of the
probe and said housing further including a lower
portion (14) defining a bottom of the housing and
a cable exit opening (22) through which said ca-
ble passes from an interior of said housing to an
exterior of said housing, said cable exit opening
being positioned between the bottom of said
housing and said upper portion.

The probe of claim 1, wherein said lower portion in-
cludes a cable conduit (32) extending from said cable
exit opening (22) and leading said cable out of said
interior of said housing at an angle of about 0° to
about 30° relative to a horizontal plane (34) of said
housing perpendicular to a central, vertical axis of
said housing.

The probe of claim 2, wherein said housing compris-
es first and second housing components (38, 40),
each of said first and second housing components
providing approximately half of said upper portion
and half of said lower portion.

The probe of claim 3, wherein each of said first and
second housing components has a hemispherical
portion (42b) which provides half of said upper por-
tion of said housing and a lower arcuate portion (44a)
which provides half of said lower portion and includes
a channel (46a) which provides half of said cable
conduit (32).

The probe of claim 3, wherein at least one of said
first and second housing components includes a
mounting mechanism (52a) for enabling mounting
of said transducer in said housing.

The probe of claim 3, wherein said first and second
housing components comprise attachment means
for enabling attachment of said first and second
housing components together.

The probe of claim 6, wherein said attachment
means comprises a projection arranged on said first
housing component and a corresponding recess
formed on said second housing component.

The probe of claim 1, wherein said upper portion is
substantially spherical.

The probe of claim. 1, further comprising a loadable,
flexible epoxy material arranged in an interior of said
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10.

1.

12

housing, said epoxy material being variably loaded
to counter balance said cable.

The probe of claim 1, wherein said lower portion de-
fines a opening through which ultrasonic waves are
transmitted and received by said ultrasonic trans-
ducer during use of the probe.

The probe of claim 10, further comprising a lens (30)
arranged at the bottom of said housing.

The probe of claim 1, wherein said lower portion has
the approximate shape of truncated cone.

Patentanspriiche

1.

Wandlersonde (20) mit:

einem Gehause (10), das einen Innenraum de-
finiert;

einem Ultraschallwandler (26), der im genann-
ten Innenraum des genannten Gehauses ange-
ordnet ist und dessen aktive Oberflache auf ei-
nen Boden des genannten Gehauses ausge-
richtet ist; und

einem Kabel (24) zum Verbinden des genann-
ten Wandlers mit einer Steuereinheit der Sonde,

wobei das genannte Gehause (10) einen oberen Tell
(12) hat, der im Wesentlichen entsprechend einer
Kugel geformt ist und eine im Wesentlichen sphéri-
sche Auflenflache mit dem Durchmesser der ge-
nannten Kugel definiert und dafiir ausgelegt ist, von
einem Bediener der Sonde gegriffen zu werden, und
wobei das genannte Gehause weiterhin einen unte-
ren Teil (14) umfasst, der einen Boden des Gehau-
ses und eine Kabelaustrittséffnung (22) definiert,
durch die das genannte Kabel vom Innenraum des
genannten Gehauses zu einem AuReren des ge-
nannten Gehauses gefuhrt wird, wobei die genannte
Kabelaustritts6ffnung zwischen dem Boden des ge-
nannten Gehauses und dem genannten oberen Teil
angeordnet ist.

Sonde nach Anspruch 1, wobei der genannte untere
Teil einen Kabelkanal (32) umfasst, der von der ge-
nannten Kabelaustritts6ffnung (22) ausgeht und das
genannte Kabel aus dem genannten Innenraum des
genannten Gehduses in einem Winkel von ca. 0° bis
ca. 30° zu einer horizontalen Ebene (34) des ge-
nannten Gehauses senkrecht zu einer zentralen,
vertikalen Achse des genannten Gehauses heraus-
fihrt.

Sonde nach Anspruch 2, wobei das genannte Ge-
hause erste und zweite Gehdusekomponenten (38,
40) umfasst, wobei sowohl die erste als auch die
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zweite genannte Gehdusekomponente jeweils ca.
die Halfte des genannten oberen Teils und die Halfte
des genannten unteren Teils schaffen.

Sonde nach Anspruch 3, wobei sowohl die genannte
erste als auch die genannte zweite Gehausekompo-
nente einen hemispharischen Teil (42b) haben, der
die Halfte des genannten oberen Teils des genann-
ten Gehauses schafft, und einen unteren gewdlbten
Teil (44b), der die Halfte des genannten unteren
Teils schafft und einen Kanal (46a) enthalt, der die
Halfte des genannten Kabelkanals (32) schafft.

Sonde nach Anspruch 3, wobei mindestens entwe-
der die erste oder die zweite Gehdusekomponente
einen Montagemechanismus (52a) enthalt, um die
Montage des genannten Wandlers in dem genann-
ten Gehause zu ermdglichen.

Sonde nach Anspruch 3, wobei die genannte erste
und die genannte zweite Gehdusekomponente Be-
festigungsmittel umfassen, um die Befestigung der
genannten ersten und der genannten zweiten Ge-
hausekomponente aneinander zu ermdglichen.

Sonde nach Anspruch 6, wobei das genannte Befe-
stigungsmittel einen Vorsprung hat, der an der ge-
nannten ersten Gehausekomponente vorgesehen
ist, und eine entsprechende Aussparung, die an der
genannten zweiten Gehdusekomponente gebildet
ist.

Sonde nach Anspruch 1, wobei der genannte obere
Teil im Wesentlichen sphérisch ist.

Sonde nach Anspruch 1, weiterhin mit einem belast-
baren, flexiblen Epoxidmaterial, das in einem Innen-
raum des genannten Gehauses angeordnet ist, wo-
bei das genannte Epoxidmaterial variabel belastet
wird, um das genannte Kabel zu kompensieren.

Sonde nach Anspruch 1, wobei der genannte untere
Teil eine (")ffnung definiert, durch die Ultraschallwel-
len von dem genannten Ultraschallwandler wahrend
des Betriebs der Sonde ausgesendet und empfan-
gen werden.

Sonde nach Anspruch 10, weiterhin mit einer Linse
(30), die am Boden des genannten Gehduses ange-
ordnet ist.

Sonde nach Anspruch 1, wobei der genannte untere
Teil ungefahr die Form eines Kegelstumpfs hat.

Revendications

1.

Sonde de capteur (20) comprenant:
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un boitier (10) qui définit un intérieur,

un capteur ultrasonique (26) qui est disposé
dans ledit intérieur dudit boitier et qui présente
une surface active étant orientée vers un fond
du boitier; et

un cable pour connecter ledit capteur a une unité
de commande de la sonde,

ledit boitier (10) comprenant une partie supé-
rieure (12) qui est sensiblement mise en forme
selon une sphére et qui définit une surface ex-
térieure sensiblement sphérique ayantle diame-
tre de ladite sphére et qui est adaptée de ma-
niére a étre saisie par un opérateur de la sonde,
et ledit boitier comprenant encore une partie in-
férieure (14) qui définit un fond du boitier et une
ouverture de sortie de cable (22) a travers la-
quelle ledit cable passe a partir d’'un intérieur
dudit boitier a un extérieur dudit boitier, ladite
ouverture de sortie de cable étant positionnée
entre le fond dudit boitier et ladite partie supé-
rieure.

2. Sonde selon la revendication 1, dans laquelle ladite

partie inférieure comprend un conduit de cable (32)
qui s’étend a partir de ladite ouverture de sortie de
cable (22) et qui mene ledit cable hors dudit intérieur
dudit boitier sous un angle de I'ordre de 0° jusqu’'a
environ 30° par rapport a un plan horizontal (34) dudit
boitier étant perpendiculaire a un axe central et ver-
tical dudit boitier.

Sonde selon la revendication 2, dans laquelle ledit
boitier comprend des premier et deuxiéme compo-
sants de boitier (38, 40), chacun desdits premier et
deuxiéme composants de boitier fournissant environ
la moitié de ladite partie supérieure et la moitié de
ladite partie inférieure.

Sonde selon la revendication 3, dans laquelle cha-
cun desdits premier et deuxiéme composants de boi-
tier présente une partie hémisphérique (42b) qui
fournit la moitié de ladite partie supérieure dudit boi-
tier et une partie arquée inférieure (44a) qui fournit
la moitié de ladite partie inférieure, et comprend un
canal (46a) quifournitla moitié dudit conduit de cable
(32).

Sonde selon la revendication 3, dans laquelle au
moins un desdits premier et deuxiéme composants
de boitier comprend un mécanisme de montage
(52a) qui permet le montage dudit capteur dans ledit
boitier.

Sonde selon larevendication 3, dans laquelle lesdits
premier et deuxiéme composants de boitier com-
prennent des moyens de fixation pour permettre la
fixation desdits premier et deuxiéme composants de
boitier 'un a l'autre.
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Sonde selon larevendication 6, dans laquelle lesdits
moyens de fixation comprennent une saillie qui est
agenceée sur ledit premier composant de boitier et
un évidement correspondant qui est pratiqué sur le-
dit deuxiéeme composant de boitier.

Sonde selon la revendication 1, dans laquelle ladite
partie supérieure est sensiblement sphérique.

Sonde selon la revendication 1, comprenant encore
une matiere époxyde chargeable et flexible qui est
agencée dans un intérieur dudit boitier, ladite matie-
re époxyde étant chargée variablement pour contre-
balancer ledit cable.

Sonde selon la revendication 1, dans laquelle ladite
partie inférieure définit une ouverture a travers la-
quelle des ondes ultrasoniques sont transmises et
sont regues par ledit capteur ultrasonique pendant
I'utilisation de la sonde.

Sonde selon la revendication 10, comprenant enco-
re un objectif (30) qui est disposé au fond dudit boi-
tier.

Sonde selon la revendication 1, dans laquelle ladite
partie inférieure présente la forme approximative
d’un céne tronqué.
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