I*I Innovation, Sciences et Innovation, Science and CA 3025892 A1 2018/05/17
Développement economique Canada Economic Development Canada
Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 025 892

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2017/11/14 (51) Cl.Int./Int.Cl. G70K 77/78(2006.01),
(87) Date publication PCT/PCT Publication Date: 2018/05/17 AGTN 7700(2006.01)
(85) Entree phase nationale/National Entry: 2018/11/28 (71) Demandeur/App||car_1t;

LES SOLUTIONS MEDICALES SOUNDBITE INC., CA
(86) N° demande PCT/PCT Application No.: IB 2017/057115
(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2018/087741 MIRSHEKARI. GHOLAMREZA, CA:
(30) Priorités/Priorities: 2016/11/14 (US62/421,428); BROUILLETTE, MARTIN, CA;
2016/12/21 (US62/437,287) DION, STEVEN, CA;

RIEL, LOUIS-PHILIPPE, CA;
KARSHAFIAN, CHRIS, CA;
MA, AARON, CA

(74) Agent: FASKEN MARTINEAU DUMOULIN LLP

(54) Titre : RACCORD POUR GUIDES D'ONDES MECANIQUES
(54) Title: CONNECTOR FOR MECHANICAL WAVEGUIDES

50

N\

ola 62 56 68
5 55 64
70

\ 3| st '
7Rl
-

LSS LS L L S L L LSS L

AT TIITITITITITS, T TTITIIITIIIIF,
00 oy
o2 60 / A 58 54

FIG.5

(57) Abréegée/Abstract:

A connector for connecting together a first and a second mechanical waveguides, comprising: a first connector body comprising a
first jaw portion provided with a first aperture for receiving the first mechanical waveguide therein; a second connector body
comprising a second jaw portion provided with a second aperture for receiving the second mechanical waveguide therein, the first
and second connector bodies removably securable together; a first mediating body having an acoustic impedance being lower
than that of the first mechanical waveguide, the first mediating body being inserted within the first aperture to be positioned
between the first jaw portion and the first mechanical waveguide; and a second mediating body having an acoustic iImpedance
being lower than that of the second mechanical waveguide, the second mediating body being inserted within the second aperture
to be positioned between the second jaw portion and the second mechanical waveguide.
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FIG.5

(57) Abstract: A connector for connecting together a first and a second mechanical waveguides, comprising: a first connector body
comprising a first jaw portion provided with a first aperture for receiving the first mechanical waveguide theren; a second connector
body comprising a second jaw portion provided with a second aperture for receiving the second mechanical waveguide therein, the first
and second connector bodies removably securable together; a first mediating body having an acoustic impedance being lower than that
of the first mechanical waveguide, the first mediating body being mserted within the first aperture to be positioned between the first
jaw portion and the first mechanical waveguide; and a second mediating body having an acoustic impedance being lower than that of
the second mechanical waveguide, the second mediating body being mserted within the second aperture to be positioned between the
second jaw portion and the second mechanical waveguide.
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CONNECTOR FOR MECHANICAL WAVEGUIDES

TECHNICAL FIELD

[0001] The present invention relates to the field of mechanical connectors, and

more particularly to connectors for connecting together mechanical waveguides

BACKGROUND

[0002] Non-1nvasive therapies using ultrasound or shock waves are commonly used
to treat a variety of medical conditions, such as kidney stones and prostate cancer, for
example. They are attractive because the source of mechanical waves 1s outside the body of
the patient to be treated, so the procedure 1s defined as being not invasive. By the design of
the mechanical energy source, this energy 1s usually focused on a target to be treated within
the body. However, there are limitations to this technique. For one, the exact location of the
target may be difficult to obtain due to limitations of the imaging method used. Also, the
energy may not be focused at the exact desired location due to physical limitations of the
focusing wave i1tself and heterogeneities within the various tissues and organs through
which the wave travels. Finally, the energy density at the target may not be sufficient to

accomplish the desired treatment.

[0003] Therefore there 1s a need for an improved method and device for better
directing and concentrating the mechanical energy produced by an extracorporeal
mechanical energy source to achieve better clinical outcomes during medical treatment.
This can be achieved by using a mechanical waveguide to transmit the mechanical energy
from the extracorporeal mechanical energy source into the body by using a mimimally
invasive device that can be inserted via a body orifice or blood vessel and directed towards

the lesion to be treated.

[0004] This minimally-invasive device incorporating a mechanical waveguide
needs to be connected to the extracorporeal mechanical energy source via a connector, and
1deally this connector should incorporate design and construction features that ensure that

energy losses are minimized 1nside the connector of the mimimally-invasive device during
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operation. In at least some embodiments, 1t may be required for the connector to ensure a

sterile connection between the mechanical waveguide and the energy source.

[0005] Therefore, there 1s a need for an improved mechanical connector for

connecting mechanical waveguides.

SUMMARY

[0006] According to a first broad aspect, there 1s provided a connector for
connecting together a first mechanical waveguide and a second mechanical waveguide,
comprising: a first connector body securable to the first mechanical waveguide, the first
connector body comprising a first jaw portion provided with a first aperture for recerving
the first mechanical waveguide therein; a second connector body securable to the second
mechanical waveguide, the second connector body comprising a second jaw portion
provided with a second aperture for recerving the second mechanical waveguide therein,
the first and second connector bodies being removably securable together; a first mediating
body having an acoustic impedance being lower than an impedance of the first mechanical
waveguide, the first mediating body being inserted within the first aperture of the first jaw
portion to be positioned between the first jaw portion and the first mechanical waveguide;
and a second mediating body having an acoustic impedance being lower than an impedance
of the second mechanical waveguide, the second mediating body being inserted within the
second aperture of the second jaw portion to be positioned between the second jaw portion

and the second mechanical waveguide.

[0007] In one embodiment, the first and second mediating bodies each have a
respective hole for receiving a respective one of the first and second mechanical

waveguides therein.

[0008] In one embodiment, the first and second jaw portions each have a tubular
shape.
[0009] In one embodiment, the first and second mediating bodies each have a

tubular shape.
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[0010] In one embodiment, the first and second mediating bodies each extend along
at least a section of a perimeter of a cross-section of a respective one of the first and second

mechanical waveguides.

[0011] In one embodiment, the first and second jaw portions each extend along at
least a section of a perimeter of a cross-section of a respective one of the first and second

mediating bodies.

[0012] In one embodiment, one of the first and second connector bodies
corresponds to a female connector and another one of the first and second connector bodies

corresponds to a male connector being securable within the female connector.

[0013] In one embodiment, the male and female connectors are each threaded, the

male connector being threadingly insertable into the female connector.

[0014] In one embodiment, one of the female connector and the male connector 1s
provided with a protrusion and another one of the female connector and the male connector
1s provided with a recess mating the protrusion for securing the male and female connectors

together.

[0015] In one embodiment, the second jaw portion 1s insertable into the first
aperture of the first jaw portion so that the second connector body corresponds to the male
connector and the first connector body corresponds to the female connector, the connector
assembly further comprising a third jaw portion provided with a third aperture for receirving
the second mechanical waveguide therein, the third jaw portion being insertable into the

second aperture of the second jaw portion.

[0016] In one embodiment, an internal face of the second jaw portion 1s inclined
and the external face of the third jaw portion 1s inclined to mate the internal face of the

second jaw portion.

[0017] In one embodiment, the first jaw portion 1s provided with at least one slot

longitudinally extending from a distal end thereof.
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4
[001 8] In one embodiment, the third jaw portion 1s provided with at least one
longitudinally extending slot.

[0019] In one embodiment, the first and second mediating bodies are made of a

material being at least one of biocompatible and sterilizable.

[0020] In one embodiment, the first and second mediating bodies are made of one

of rubber and silicon polymer.

[0021] In one embodiment, the first and second mediating bodies are each made of

an elastic material.

[0022] In one embodiment, the connector assembly further comprises mechanical
means for laterally aligning a distal end of the first mechanical waveguide and a proximal

end of the second mechanical waveguide together.

[0023] In one embodiment, the mechanical means comprises an alignment plate
comprising an aperture and an inclined plane extending around the aperture, the aperture
for receiving therein the distal end of the first mechanical waveguide and the proximal end

of the second mechanical waveguide.

[0024] In one embodiment, the mechanical means comprises a sleeve insertable

over the first and second jaw portions.

[0025] In one embodiment, the connector assembly further comprises mechanical
means for angularly aligning a distal end of the first mechanical waveguide and a proximal

end of the second mechanical waveguide together.

[0026] In one embodiment, the connector assembly further comprises mechanical
means for exerting an axial compressive force between the first and second mechanical

waveguides.



10

15

20

CA 0302585%2 2018-11-28

WO 2018/087741 PCT/IB2017/057115

[0027] In one embodiment, the mechanical means 1s adapted to push at least one of
the first and second mechanical waveguides towards another one of the first and second

mechanical waveguides.

[0028] In one embodiment, the mechanical means comprises at least one of a screw,

a lever, an inclined plane, a magnet, and a spring.

[0029] In one embodiment, the connector assembly further comprises mechanical

means for exerting a lateral force on the jaw portions.

[0030] In one embodiment, the mechanical means comprises at least one of screws,

levers, inclined planes, magnets and springs.

[0031] In one embodiment, the first and second mediating bodies are each fixedly
secured to the first and second mechanical waveguides, respectively, and to the first and

second jaw portions, respectively.

[0032] In one embodiment, the connector assembly further comprises at least one of
screws and rivets for fixedly securing the first and second mediating bodies to the first and
second mechanical waveguides, respectively, and to the first and second jaw portions,

respectively.

[0033] In one embodiment, the first and second mediating bodies are bonded to the
first and second mechanical waveguides, respectively, and to the first and second jaw

portions, respectively.

[0034] In one embodiment, the first and second mediating bodies are each
overmolded to the first and second mechanical waveguides, respectively, and to the first

and second jaw portions, respectively.

[0035] In one embodiment, the connector assembly further comprises a coupling

medium to be positioned between the first and second mechanical waveguides.
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[0036] In one embodiment, the connector assembly further comprises a sterile
barrier for preventing a physical contact between the first and second connector bodies and

between the first and second mechanical waveguides.

[0037] In one embodiment, the connector assembly further comprises a sterile
barriter made of a sterilizable material and 1insertable between the female and male
connectors, the sterile barrier comprising an outer tubular body, an nner tubular body
inserted into the outer tubular body, an annular wall extending from a distal end of the outer
tubular body to a distal end of the inner tubular body and disk-shaped wall closing a distal
end of the inner tubular body, the outer tubular body being positional over an external face
of the first jaw portion so that the inner tubular body be insertable into the first aperture of

the first jaw portion and the second jaw portion being insertable into the inner tubular body.

[0038] In one embodiment, the outer tubular body, the inner tubular body, the

annular wall and the disk-shaped wall are integral.

[0039] In one embodiment, the sterile barrier 1s made of a flexible material.
[0040] In one embodiment, the sterile barrier 1s made of a rigid maternal.
[0041] For the purpose of the present description, a mechanical wave should be

understood as a signal having arbitrary amplitude, duration, waveform, frequency, and/or
the like. For example, a mechanical wave may have a high/low amplitude, a short/long

duration, different wavetorms, and any frequency content.

[0042] For the purpose of the present description, a mechanical pulse should be
understood as a short duration mechanical wave. The duration of a mechanical pulse 1s of

the order of 1/fc, fc being the center frequency of the mechanical pulse.

[0043] In one embodiment, the mechanical pulse has a center frequency fc
comprised between about 20 kHz and about 10 MHz. In one embodiment, the amplitude of
the mechanical pulse when reaching the distal end of the catheter device 1s comprised

between about 10 MPa and about 1000 MPa. In one embodiment, the duration of the

mn .1

mechanical pulse when reaching the distal -atheter device 1s 1n the order of 1/fc.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0044] Further features and advantages of the present invention will become
apparent from the following detailed description, taken 1n combination with the appended

drawings, 1n which:

[0045] Figure 1 1llustrates a system for generating and delivering mechanical waves
or pulses 1n which a pulse generator 1s connected to a transmission member via a connector,

1in accordance with the prior art;

[0046] Figure 2 1llustrates a system for generating and delivering mechanical waves
or pulses 1n which two transmission members are connected together via a connector, in

accordance with the prior art;

[0047] Figure 3 schematically illustrates a connector for connecting together two

mechanical waveguides, 1n accordance with a first embodiment;

[0048] Figure 4 1illustrates an alignment plate for aligning mechanical waveguides,

in accordance with an embodiment;

[0049] Figure 5 1s a cross-sectional view of a connector assembly comprising a
female connector body and a male connector body insertable into the female connector
body for coupling together two mechanical waveguides, 1n accordance with an

embodiment:;

[0050] Figure 6 1s a cross-section view of a male connector body comprising an
outer jaw portion provided with an inclined internal wall, an inner jaw portion provided

with an external inclined wall and a mediating body, 1n accordance with an embodiment;

[0051] Figure 7 1s an exploded perspective view of a connector assembly
comprising a female connector body provided with four slots and a male connector body
comprising an outer jaw portion provided with an inclined internal wall, an inner jaw
portion provided with an external inclined wall and a mediating body, 1n accordance with

an embodiment;
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[0052] Figure 8 schematically 1llustrates a system for generating and delivering
mechanical waves or pulses 1n which two transmission members are connected together via

a sterile connector, 1n accordance with an embodiment;

[0053] Figure 9 schematically illustrates two mechanical waveguides coupled

together via a sterile barrier, 1n accordance with an embodiment;

[0054] Figure 10 1illustrates a connector assembly comprising a female connector
body, a male connector body and a sterile barrier insertable between the female and male

connector bodies, in accordance with an embodiment; and

[0055] Figure 11 1illustrates a sterile barrier having a tubular shape, 1n accordance

with an embodiment.

[0056] It will be noted that throughout the appended drawings, like features are

1dentified by like reference numerals.

DETAILED DESCRIPTION

[0057] Figure 1 illustrates one embodiment of a system 10 for treating a lesion 12
present 1n a blood vessel of a subject, such as an artery, which describes a particular context
in which the present connector may be used. The system 10 comprises a pulse generator 14,
a connector 18 and a transmission member 16, such as a mechanical waveguide, adapted to

propagate mechanical waves and/or pulses.

[0058] The pulse generator 14 1s adapted to generate mechanical waves, such as
high amplitude and short duration pulses. The pulse generator 14 may comprise at least one
broadband source and/or at least one narrow band source. The narrow or broad band source
may be an electromechanical transducer. The pulse generator 14 may comprise a spatial
concentrator to focus the output of at least one source toward a focal zone at which the
proximal end of the transmission member 16 1s located so as to couple the generated pulse

therein.

[0059] The transmission member 16 such as a mechanical waveguide extends

-1

between a first or proximal end that 1s ¢~ connected to the output of the pulse
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generator 14 via the connector 18 and a second or distal end. The transmission member 16
1s adapted to receive mechanical pulses at 1ts proximal end and propagate the mechanical
pulses up to 1ts distal end. When 1t reaches the distal end, the mechanical pulse 1s at least
partially transmitted to generate a transmitted pulse that propagates outside of the
transmission member 16. It should be understood that a pulse may also be reflected by the
distal end and propagates back in the transmission member 16 towards the proximal end
thereof. The transmitted mechanical pulse corresponds to a mechanical pulse that
propagates 1n the medium surrounding the distal end of the transmission member 16 up to
the lesion 12. The transmitted pulse further propagates into the lesion 12, which may create

cracks within the lesion 12, and eventually cleaves or breaks the lesion 12 into pieces.

[0060] In an embodiment 1n which the distal end of the transmission member 16 1s
adapted to abut against the lesion 12, the transmission member 16 may further be used to
break the lesion 12 and/or drill a hole into the lesion 12. The transmission of the
mechanical pulse at the distal end of the transmission member 16 creates a movement of
the distal end of the transmission member 16. This movement may be along the
longitudinal axis of the transmission member 16. Alternatively, the movement may be
perpendicular to the longitudinal axis or 1t may be a combination of movements both along
the longitudinal axis and perpendicular to the longitudinal axis of the transmission member.
During this movement, the distal end of the transmission member 16 nominally first moves
towards the lesion 12 and then moves back 1nto 1ts initial position. It should be understood
that the movement may be inverted (1.e., the distal end may first move away from the
lesion 12 and then towards the lesion 12) depending on the polarity of the mechanical pulse
reaching the distal end of the transmission member 16. When a plurality of distinct
mechanical pulses are successively transmitted at the distal end of the transmission
member 16, the movement of the distal end may be seen as a jack-hammer movement

which may be used to treat the lesion 12.

[0061 ] The connector 18 allows removably or non-permanently connecting the
proximal end of the transmission member 16 to the pulse generator 14 and 1s used to ensure

that the mechanical pulses generated by the pulse generator 14 are efficiently transmitted
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into the transmission member 16 while allowing disconnection of the transmission member

16 from the pulse generator 14 as desired.

[0062] Figure 2 1illustrates another embodiment of a system 20 for treating a
lesion 12 which describes a different context in which the present connector 1s to be used.
The system 20 comprises a pulse generator 24, transmission members or mechanical
waveguides 26 and 27 each adapted to propagate mechanical waves or pulses, and a
connector 28. The connector 28 1s used to removably or non-permanently connect the distal
end of the mechanical waveguide 26 to the proximal end of the transmission member 27 1n
order to propagate mechanical pulses or waves coming from the mechanical waveguide 26
into the mechanical waveguide 27. As result, when the connector 28 1s installed between
the mechanical waveguides 26 and 27, mechanical waves or pulses generated by the pulse
generator 24 and propagating in the mechanical waveguide 26 can be coupled into the
mechanical waveguide 27. The connector 28 further allows disconnection of the first
transmission member 26 from the second transmission member 27 as desired. It should be
understood that the system 20 may comprise a further connector for connecting together the

pulse generator 24 and the transmission member 26.

[0063] Figure 3 schematically 1illustrates a connector 30 that can be used as
connector 18 or 28 to connect a first element 32, e.g., the output of a pulse generator or a
first mechanical waveguide, to a second mechanical waveguide 33. It should be understood

that the output of the pulse generator may be considered as a mechanical waveguide.

[0064] The connector 30 comprises a first connector body 31a to be installed on the first
element 32 and a second connector body 31b to be installed on the mechanical waveguide
33. The first and second connector bodies 31a and 31b are shaped and sized so as to
removably securable together in order to connect the element 32 to the mechanical
wavegulde 33. It should be understood that the connector bodies 31a and 31b may be
provided with any adequate design which allows them to be removably securable together.
For example, the connector body 31a may be a female connector and the connector
body 31b may be a male connector adapted to be screwed 1nto the connector body 31a. In

another example, the connector body 31b mav be inserted into the connector body 31a
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which may be clamped over the connector body 31b. In another example, the connector
bodies 31a and 31b may be permanent magnets, electromagnets and/or ferromagnetic

bodies to ensure a removable connection between the two.

[0065] The first connector body 31a comprises a jaw portion 36 which defines an
aperture 1n which the first element 32 such as the distal portion of a mechanical waveguide
1s recerved while the second connector body 31b comprises a jaw portion 37 which defines
an aperture 1n which the proximal portion of a mechanical waveguide 33 1s received. The
jaw portion 36 extends along at least a portion of the perimeter of the cross-section of the
element 32 while the jaw portion 37 extends along at least a portion of the perimeter of the

cross-section of the mechanical waveguide 33.

[0066] The connector 30 further comprises a first mediating body 34 and a second
mediating body 35 each made of a material having a low acoustic impedance, defined as
the product of density and speed of sound, 1.e., an acoustic impedance being lower than that
of the mechanical waveguide 32, 33, respectively, and/or of an elastic material so as to
minimize or at least reduce coupling losses between the mechanical waveguide 32, 33 and
the connector 30. In the same or another embodiment, the first mediating body 34 and a
second mediating body 35 each made of an elastic material so as to minimize or at least
reduce coupling losses between the mechanical waveguide 32, 33 and the connector 30.
The first and second mediating bodies 34 and 35 each comprise a longitudinal aperture
extending therethrough for receiving a respective mechanical waveguide 32, 33 therein.
The first mediating body 34 1s inserted into the aperture of the jaw portion 36 so as to be
positioned between the jaw portion 36 and the element 32 when the element 32 1s recerved
within the jaw portion 36. The second mediating body 35 1s inserted into the aperture of the
jaw portion 37 so as to be positioned between the jaw portion 37 and the mechanical

waveguide 33 when the mechanical waveguide 33 1s recerved within the jaw portion 37.

[0067] The mediating body 34, 35 allows for 1solating the element 32 or the
mechanical waveguide 33 from the jaw portion 36, 37 or at least reduce the surface area of
contact between the element 32 or the mechanical waveguide 33 and the jaw portion 36, 37,

thereby reducing the coupling of mechanical waves from the element 32 to the jaw
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portion 36 and from the mechanical waveguide 33 to the jaw portion 37. As a result, the

coupling losses are reduced.

[0068] In one embodiment, the mediating bodies 34 and 35 may have adhesion
properties that allow them to be bond to the surfaces of their respective jaw portion 36, 37

and their respective mechanical waveguide 32, 33 to enhance the axial force of connection.

[0069] It should be understood that the jaw portion 36, 37 may have any adequate
shape. For example, the jaw portion 36, 37 may be tubular. In another example, the jaw
portion 36, 37 may have an external rectangular or square cross-section and i1ts internal
aperture may also be rectangular or square. In one embodiment, the jaw portion 36, 37 may
extend along the whole circumference of the mediating body 34, 35 or the mechanical
waveguide 32, 33. In another embodiment, the jaw portion 36, 37 may extend only along a
section of the circumference of the mediating body 34, 35 or the mechanical

waveguide 32, 33.

[0070] Similarly, the mediating bodies 34 and 35 may have any adequate shape and
size. For example, the mediating body 34, 35 may be tubular. In another example, the
external face of the mediating body 34, 35 may have a shape that matches that of the
aperture of the jaw portion 36, 37 and the internal face of the mediating body 34, 35 may
have a shape that matches that of the mechanical waveguide 32, 33. In one embodiment, the
mediating body 34, 35 may extend along the whole circumference of the mechanical
wavegulde 32, 33. In another embodiment, the mediating body 34, 35 may extend only

along a section of the circumference of the mechanical waveguide 32, 33.

[0071] While the first and second connector bodies 31a and 31b are secured
together, the distal end 38 of the element 32 1s at the same time brought into physical
contact with the proximal end 39 of mechanical waveguide 33, thereby allowing the
propagation of mechanical waves between the two mechanical waveguides 32 and 33. Once
the first and second connector bodies 31a and 31b are connected together, an axial force, 1n
the direction of the longitudinal axis of both waveguides 32 and 33, 1s applied continuously

to the distal end 38 of the element 32 and to the proximal end 39 of the mechanical
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waveguide 33 to ensure that the distal end 38 and proximal end 39 abut one against the
other and are maintained 1n a state of axial compression at all time during use of the
connector 30. This axial force 1s applied through the jaw portions 36, 37 of the

connector 30.

[0072] It should be understood that any adequate means may be used for fixedly
and removably secure the first and second connector bodies while generating an axial force
of the ends 38 and 39 of the elements 32 and 33 to be connected together. For example, the
first connector body 31a may be a threaded male connector and the second connector
body 31b may be a threaded female connector. By screwing the male connector into the
female connector, the two elements 32 and 33 are connected together and an axial force 1s
exerted on their two ends 38 and 39 so that the ends 38 and 39 firmly abut one against the

other.

[0073] In one embodiment, the connector 30 or at least some of 1ts components 1s

made of sterilizable material(s).

[0074] In one embodiment, the mediating bodies 34 and 35 may be made of an
electrically 1solating material that allows for electrical 1solation of the mechanical

waveguides 32 and 33 from the jaw portions 36 and 37.

[0075] In one embodiment and as typical mechanical waveguides 32, 33 are made
from metallic materials such as steel, aluminum, titanium or titanium alloy(s), the
mediating bodies 34, 35 may be made of rubber, silicon polymer and other soft and flexible
material, for example. In one embodiment the mediating bodies 34, 35 have made of an
elastic material. In one embodiment the mediating bodies 34, 35 are made of an elastic
material. In one embodiment the mediating bodies 34, 35 are electric insulators. In one

embodiment, the mediating bodies 34, 35 are biocompatible and sterilizable.

[0076] In one embodiment and 1n addition to provide good energy transmission, the
connector 30 may also incorporate other functions. First, it may comprise mechanical
features that ensure good alignment between the longitudinal axis of the distal end 38 of the

mechanical waveguide 32 and that of the provimal and 39 of the mechanical waveguide 33.
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Second 1t may comprise mechanical features that ensure good angular alignment between
the face of the distal end 38 of the element 32 and the face of the proximal end 39 of the
mechanical waveguide 33. Furthermore, 1t may comprise mechanical features that provide
sufficient axial compressive force between the face of the distal end 38 of the first

element 32 and the face of the proximal end 39 of the mechanical waveguide 33.

[0077] The atforementioned compressive force requirement at the distal end 38 and
the proximal end 39 can be satistied, for example, by pushing a moveable proximal end 39
into a stationary distal end 38. The pushing force can be achieved by using any adequate
means such as a screw, a lever, an inclined plane 1n contact with the jaw portion 37 or a
combination thereof. This pushing force can also be achieved by using springs or static,
electrically-actuated or permanent magnets mounted on the jaws portions 36, 37 and facing

each other.

[0078] The compressive force requirement can also be satistied, for example, by
pushing a moveable distal end 38 and a moveable proximal end 39 towards one another.
This pushing can be achieved in the same manner as above, with the mechanism now 1n

contact with both jaws 36, 37.

[0079] As shown 1n Figure 4, the axial and face alignment requirements can be
satisfied, for example, by using an alignment plate 42 provided with opposite inclined
planes 46 and an orifice 44 having the same cross-section shape and dimensions as those of
the distal end 38 of the first mechanical waveguide 32 and the proximal end 39 of the
second mechanical waveguide 33. The inclined planes extend around the aperture 44 on
opposite sides thereof and are inwardly oriented towards the center of the aperture 44. The
alignment plate 42 1s contained within the connector 30 between the first and second
connector bodies and at least one of the connector bodies 30a and 30b may be movable
relative to the alignment plate 42. As they move towards one another by securing the first
and second connector bodies 30a and 30b to one another, the distal end 38 of the
element 32 and the distal end 39 of the mechanical waveguide 33 each abut a respective

inclined plane 46 and slide along their respective inclined plane 46 towards the aperture 44
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before penetrating into the aperture 44 and abutting one against the other. The inclined

planes 46 act as guiding elements for guiding the ends 38 and 39 towards the aperture 44.

[0080] The aperture 44 may have any adequate length. In one embodiment, the
length of the aperture 44 1s not too long to prevent mechanical energy losses by contact of

the mechanical waveguides 32 and 33 with the alignment plate 42 within the aperture 44.

[0081] In one embodiment, the alignment plate 42 may be made of a material that
has a low acoustic impedance to reduce the coupling loss. In the same or another
embodiment, the alignment plate 42 may be made of an electrically 1solating material to

electrically 1solate the waveguides 32 and 33.

[0082] In one embodiment, the axial and face alignment requirements can also be
satisfied, for example, by using a male/female arrangement whereby the jaw portion 36 1s

the female member and the jaw portion 37 1s the male member, or vice-versa.

[0083] In another embodiment, 1f the jaws portions 36, 37 have the same outside
dimensions d1, then proper alignment can be ensured by using an external sleeve that has

essentially the same 1nside dimension d2 as the outside dimension d1.

[0084] With soft and flexible mediating bodies 34 and 35 intervening between the
jaw portions 36 and 37 and the mechanical waveguides 32 and 33, respectively, and upon
application of the axial force to ensure that the connection 1s constantly 1n axial
compression, 1t may be possible that slippage between the jaw portions 36, 37, the
mediating body 34, 35 and the mechanical waveguide 32, 33 occurs. In order to prevent this
slippage, the mediating bodies 34 and 35 should be prevented from moving axially relative
to their respective jaw portion 36, 37, and the mediating bodies 34 and 35 should also be
prevented from moving axially relative to their respective mechanical waveguides 32, 33.
In one embodiment, this can be achieved by fixedly attaching the mediating bodies 34
and 35 to their respective jaw portion 36, 37 and their respective mechanical
waveguide 32, 33. This can be performed, for example, by bonding, screwing or riveting
the mediating bodies 34, 35 to their respective jaw portion 36, 37 and to their respective

mechanical waveguide 32, 33. In another evemnle this can also be performed by
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overmolding the mediating layers 34, 35 on their respective jaw portion 36, 37 and their
respective mechanical waveguide 32, 33. It should be understood that a combination of at
least two of the above-described methods for fixedly attaching the mediating bodies 34

and 35 to their respective jaw portion 36, 37 may be used.

[0085] In another embodiment, slippage can be prevented by relying on static
friction between the components, where 1t 1s known that the friction force 1s proportional to
the normal force between the components. To increase the friction force 1t 1s therefore
possible to apply a lateral force on the jaw portions 36 and 37 such that the mechanical
waveguides 32 and 33 are laterally squeezed between their corresponding mediating
bodies 34 and 35 by their corresponding jaw portions 36 and 37. This lateral force can be
provided by screws, levers, inclined planes or any combination thereof. This lateral force

can also be provided by magnets or springs.

[0086] It should be understood that slippage can be prevented by using any
combination of the above-described methods. For example, the mediating bodies 34 and 35
may be fixedly secured to their corresponding jaw portion 36, 37 and a lateral force may be
applied to the jaws portions 36 and 37 to also rely on friction between the mechanical

waveguides 32 and 33 and their corresponding mediating bodies 34 and 35.

[0087] In an embodiment in which friction 1s relied upon to prevent slippage
between the waveguide 32, 33, the mediating body 34, 35 and/or the jaw portion 36, 37, 1t
may be possible to modulate the friction force between these components by varying the
lateral force. In one embodiment, the lateral force 1s applied to ensure the connection
between the mechanical waveguides 32, 33 during use, while the lateral force 1s removed to
eliminate friction, which may allow the removal of one or both mechanical waveguides 32

and 33 from the connector 30, when not 1n use.

[0088] Figure 5 schematically 1illustrates one embodiment of a connector
assembly 50 that can be used as connector 18 or 28 to connect a first element 52, e.g., the

output of a pulse generator or a first mechanical waveguide, to a second mechanical
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waveguide 34. It should be understood that the output of the pulse generator may be

considered as a mechanical waveguide.

[0089] The connector assembly 50 comprises a first connector body 5la to be
installed on the first element 52 and a second connector body 51b to be installed on the
mechanical waveguide 354. The first and second connector bodies Sla and 51b are
removably securable together 1n order to non-permanently connect the element 52 to the
mechanical waveguide 54 and allow the propagation of mechanical waves or pulse between
the element 52 and the mechanical waveguide 54. The first connector body 51a comprises a
first jaw portion 62 which defines a first aperture 1n which the first element 52 1s received
while the second connector body S1b comprises a second jaw portion 64 which defines a
second aperture 1n which the mechanical waveguide 54 1s recetved. The jaw portion 62
extends along at least a portion of the perimeter of the cross-section of the element 52 while
the jaw portion 64 extends along at least a portion of the perimeter of the cross-section of

the mechanical waveguide 54.

[0090] The connector assembly 50 further comprises a first mediating body 60 and
a second mediating body 58 each made of a material having an acoustic impedance lower
than that of their respective mechanical waveguide 52, 54 so as to minimize or at least
reduce coupling losses between the mechanical waveguides 52 and 54 and the connector
assembly 50. The first and second mediating bodies 60 and 58 each comprise a longitudinal
aperture extending therethrough for receiving a respective mechanical waveguide 52, 54
therein. The first mediating body 60 1s inserted into the aperture of the jaw portion 62 so as
to be positioned between the jaw portion 62 and the element 52 when the element 52 1s
recetved within the jaw portion 62. The second mediating body 358 1s inserted into the
aperture of the jaw portion 64 so as to be positioned between the jaw portion 64 and the
mechanical waveguide 54 when the mechanical waveguide 54 1s recetved within the jaw

portion 64.

[0091 ] In one embodiment, the mediating bodies 60 and 58 may be made of an
elastic material to reduce coupling losses. In the same or another embodiment, the

mediating bodies 60 and 58 may be made of an electrically 1solating material.
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[0092] The mediating bodies 58 and 60 allow for 1solating the element 52 and the
mechanical waveguide 54, respectively, from the jaw portions 62 and 64, respectively, or at
least reduce the surface area of contact between the element 52 and the mechanical
waveguide 54, respectively, and the jaw portions 62 and 64, respectively, thereby reducing
the coupling of mechanical waves from the element 52 to the jaw portion 62 and from the
mechanical waveguide 54 to the jaw portion 64. As a result, the coupling losses are

reduced.

[0093] In this embodiment, the jaw portions 62 and 64 mate into each other 1n a
male-female arrangement. It should be understood that the jaw portion 62, 64 may have any
adequate shape to allow this mating. For example, the jaw portion 62, 64 may be tubular. In
another example, the jaw portion 62, 64 may have an external rectangular cross-section and
1ts aperture may also be rectangular. In one embodiment, the jaw portion 62, 64 may extend
along the whole circumference of the mediating body 38, 60 or the mechanical
waveguide 52, 54. In another embodiment, the jaw portion 62, 64 may extend only along
the section of the circumference of the mediating body 358, 60 or the mechanical

wavegulde 52, 54.

[0094] Similarly, the mediating bodies 38 and 60 may have any adequate shape and
size. For example, the mediating body 50, 60 may be tubular. In another example, the
external face of the mediating body 358, 60 may have a shape that matches that of the
aperture of the jaw portion 62, 64 and the internal face of the mediating body 38, 60 may
have a shape that matches that of the mechanical waveguide 52, 54. In one embodiment, the
mediating body 58, 60 may extend along the whole circumference of the mechanical
waveguide 52, 54. In another embodiment, the mediating body 58, 60 may extend only

along the section of the circumference of the mechanical waveguide 52, 54.

[0095] While the first and second connector bodies 51la and 51b are secured
together, the distal end 53 of the element 52 1s concurrently brought into physical contact
with the proximal end 55 of mechanical waveguide 54, thereby allowing the propagation of

mechanical waves between the element 52 and the mechanical waveguide 54.
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[0096] The first and second connector bodies S1a and 51b are held together via at
least one tab or protrusion 68 which each project inwardly from the interior surface of the
jaw portion 62 and each mate with a respective recess 70 on the exterior surface of jaw
portion 64. When the first and second connector bodies 51a and 51b are connected together,
the jaw portion 64 1s inserted at least partially into the jaw portion 62 and the protrusions 68
are each recerved within a respective recess 70. It should be understood that the position of
the protrusions 68 on the jaw portion 62 and that of their respective recess 70 on the jaw
portion 64 are chosen so that the distal end 33 of the element 52 abuts against the proximal
end of the mechanical waveguide 54 when the first and second connector bodies S1a
and 51b are secured together. This results 1n the continuous application of an axial force, 1n
the direction of the longitudinal axis of both waveguides 52 and 54, to the distal end 53 of
the element 52 and to the proximal end 53 of the mechanical waveguide 54 1n order to
ensure that the distal end 53 and the proximal end 55 are maintained 1n a state of axial

compression at all time during use of the connector assembly 50.

[0097] While the protrusion 68 projects from the internal face of the jaw portion 62
and the recess 70 1s located on the jaw portion 64, 1t should be understood that the jaw
portion 62 may be provided with the recess 70 and the protrusion may project from the jaw
portion 64. It should also be understood that the location of the protrusion 68 and/or the

location of the recess 70 may vary.

[0098] It should be understood that other means may be used for fixedly and
removably securing the first and second connector bodies 5la and 51b together. For
example, set screws 1n the jaw portion 62 may apply an inwards radial force onto the
exterior surface of jaw portion 64. These set crews may apply a radial force onto the jaw

portion 64 1nto recesses such as 70 on the exterior surface of jaw portion 64.

[0099] It should be understood that any adequate means may be used for fixedly
and removably secure the first and second connector bodies 51a and 51b while generating
an axial compression force on the distal end 53 of the element 52 and the proximal end 355
of the mechanical waveguide 54 to allow the propagation of mechanical waves between the

two. For example, the first jaw portion 62 mav be a threaded female connector and the
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second jaw portion 64 may be a threaded male connector threadingly engageable with the
jaw portion 62. By screwing the male connector into the female connector, the element 52
and the mechanical waveguide 54 are connected together and an axial force 1s exerted on
therr ends 353 and 35, respectively. In another example, the two connector bodies S1a
and 51b may mate as 1n a spring-loaded lock-and-key arrangement common 1n quick-
release connectors, for example as mm BNC electrical connectors, push-to-connect
pneumatic/hydraulic connectors and quick-turn tubing coupling, such that the jaw
portion 62 may be considered as the female/lock component and the jaw portion 64 the

male/key component.

[00100] In one embodiment and as 1llustrated 1n Figure 5, the connector assembly 50
may further comprise a coupling medium 56 insertable between the distal end 53 of the
element 52 and the proximal end 55 of the mechanical waveguide 54. The coupling
medium 356 1s used to promote the transmission of mechanical waves between the
element 52 and the mechanical waveguide 54 with minimal losses. The coupling medium
may be a fluid, such as ultrasound gel or glycerine, or a solid such as a metal or polymer
like copper or PTFE (Teflon). The coupling medium may be fixedly attached to either the
element 52 or the mechanical waveguide 54. For example, a thin disc of PTFE may be

glued to the distal end 53 of the element 52.

[00101] Figure 6 1llustrates one embodiment of a connector body 80 which may be 1n
replacement of the second connector body 51b for the connector assembly 50. The
connector body 80 1s to be secured to a mechanical waveguide 54. The connector body 80
comprises an outer jaw portion 86, an inner jaw portion 84 and a mediating body 85. The
outer jaw portion 86 comprises an internal aperture having a frusto-conical shape so that the
diameter of the distal end of the internal aperture 1s greater than the diameter of the
proximal end of the internal aperture, 1.e. the diameter of the end of the connector body 80
to be connected to another connector 1n order to secure the proximal end of the mechanical
waveguide 54 to another element. The inner jaw portion 84 has an external shape and size
that match the size and shape of the internal aperture of the outer jaw portion 86 so that the

inner jaw portion 86 be insertable into the internal aperture of the outer jaw portion 86 and
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in physical contact with the internal wall of the outer jaw portion 86 once inserted therein.
In one embodiment and as illustrated in Figure 6, the longitudinal length of the inner jaw

portion 84 1s greater than that of the outer jaw portion 86.

[00102] The 1nner jaw portion 84 1s also provided with an internal aperture extending
along a length thereof and having a cylindrical shape. The internal aperture of the inner jaw

portion 84 1s sized and shaped to receive the mediating body 85.

[00103] The mediating body 85 has an external cylindrical shape and its external
diameter 1s substantially equal to that of the internal aperture of the inner jaw portion 84 so
as to be insertable into the internal aperture of the inner jaw portion 84. The mediating
body 85 also comprises an internal aperture sized and shaped to receive the mechanical
waveguide 54 therein. The internal aperture of the mediating body 85 has a cylindrical
shape and 1ts diameter 1s substantially equal to the diameter of the mechanical
waveguide 54. The internal wall of the distal end of the mediating body 85 1s bevelled so as
to form a countersink 90 at its distal end so ease the insertion of the mechanical

waveguide 54 1nto the internal aperture of the mediating body 83.

[00104] During the assembly of the connector body 80, the mediating body 85 1s
inserted 1nto and fixed to the inside surface of the inner jaw element 84. Then the proximal
end 55 of the mechanical waveguide 54 1s inserted into the countersink 90 of the mediating
body 85 and the mechanical waveguide 54 1s pushed into the internal aperture of the
mediating body 85 until a desired distance "L" between the proximal end 55 of the
mechanical waveguide 54 and the distal end 92 of the mediating body 38 1s achieved. Then
the outer jaw portion 86 1s slid over the inner jaw portion 84 so that the inner jaw
portion 84 be inserted into the internal aperture of the outer jaw portion 86. The motion of
the outer jaw portion 86 over the conical external wall of the inner jaw portion 84 applies
an inwards radial force that compresses the inner jaw portion 84, and subsequently
compresses the mediating body 85 onto the mechanical waveguide 34, thereby securing the
mechanical waveguide 54 into place within the connector body 80. As mentioned above
and once assembled, the connector body 80 may be used 1n replacement of the connector

body 51b 1n the connector assembly 50.
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[00105] Figure 7 illustrates one embodiment of a connector assembly 100 which
comprises the connector body S1a of the connector assembly 50 and the connector body 80
1llustrated 1n Figure 6. The connector body 80 corresponds to a female connector body and
1s s1zed and shaped so as to be insertable into the connector body S1a which corresponds to

a female connector body.

[00106] In this embodiment, the jaw portion 62 1s further provided with four
slots 106 which each extend radially through the thickness of the jaw portion 62 and
longitudinally from the distal end of the jaw portion 62 towards its proximal end along a
orven length. It should be understood that the position around the circumference of the jaw
portion 62, the number and/or the size of the slots 106 may vary. As a result of the four
slots 106, the distal section of the jaw portion 62 1s divided into four quarter-cylindrical
portions which each may move radially, and the diameter of the internal aperture at the
distal end of the jaw portion 62 may vary according to the relative position of the four
quarter-cylindrical portions. In other words, the diameter of the opening present at the distal
end of the jaw portion 62 may vary to allow the insertion of the connector body 80 1n the

internal aperture of the jaw portion 62.

[00107] In this embodiment, the connector body 80 1s further provided with a tubular
body 102 which 1s positioned over the mechanical waveguide 54 to act as a locating or
reference marker. The tubular body 102 1s provided with an internal cylindrical and
longitudinal aperture of which the diameter 1s substantially equal to the diameter of the
mechanical waveguide 54. The mechanical waveguide 54 1s inserted into the internal
aperture of the tubular body 102 and the tubular body 102 1s positioned along the length of
the mechanical waveguide 54 so that 1ts proximal end, 1.e., the end of the tubular body 102
that faces the proximal end of the mechanical waveguide 54, be positioned at a distance L
from the proximal end of the mechanical waveguide 54. It should be understood that the
distance L between the proximal end of the mechanical waveguide 54 and the proximal end
of the tubular body 102 1s substantially identical to the distance L between the distal end 92

of the mediating body 85 and the proximal end of the mechanical waveguide 54 1llustrated
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in Figure 6. It should be understood that the tubular body 102 1s fixedly secured to the

mechanical waveguide 54 using any adequate securing method.

[00108] While 1n the 1llustrated embodiment, the tubular body 102 extends along the
while circumference of the mechanical waveguide 54, 1t should be understood that the
tubular body 102 may be shaped so as to extend along only a section of the circumference

of the mechanical waveguide 54.

[00109] In the embodiment illustrated in Figure 7, the inner jaw portion 84 1s
provided with four slots 104 which each extend radially through the thickness of the inner
jaw portion 84 and longitudinally along a given section of the length of the inner jaw
portion 84 from the distal end thereof. It should be understood that the position around the
circumference of the inner jaw portion 84, the number and/or the size of the slots 104 may
vary. As a result of the four slots 104, the distal section of the inner jaw portion 84 1s
divided 1nto four quarter-cylindrical portions which each may move radially, and the
diameter of the internal aperture at the distal end of the inner jaw portion 84 may vary
according to the relative position of the four quarter-cylindrical portions. In other words,
the size of the opening present at the distal end of the inner jaw portion 84 may be
increased by spreading the quarter-cylindrical portions one from another to allow the

insertion of the mediating body 85 1n the internal aperture of the inner jaw portion 84.

[00110] In order to assemble the connector assembly 100 1llustrated in Figure 7, the
mediating body 85 1s inserted into and fixed to the inside surface of the inner jaw
element 84. Then the proximal end 35 of the mechanical waveguide 54 1s inserted into the
countersink 90 of the mediating body 85 and the mechanical waveguide 54 1s pushed into
the mediating body 85 until the proximal end of the locating marker 102 abuts against the
distal end 92 of the mediating body 85, thereby ensuring that the pre-defined distance L
between the proximal end 55 of the mechanical waveguide 54 and the distal end 92 of the
mediating body 85 1s achieved. Then the outer jaw portion 86 1s slid over the inner jaw
portion 84 so that the inner jaw portion 84 be inserted into the internal aperture of the outer
jaw portion 86. The motion of the outer jaw portion 86 over the conical external wall of the

inner jaw portion 84 applies an inwards radial force that compresses the inner jaw
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portion 84, and subsequently compresses the mediating body 85 onto the mechanical
waveguide 54, thereby securing the mechanical waveguide 54 into place within the
connector body 80. This may be facilitated by the presence of the longitudinal slots 104
through the thickness of the inner jaw element 54 which may increase 1ts radial compliance.
Once 1t has been assembled, the connector body 80 1s inserted into the jaw portion 62 of the
first connector body 51a until the tab 68 of the jaw portion 62 snaps into the recess 70 on
the outside surface of the outer jaw element 86. This assembly may be facilitated by the
presence of longitudinal slots 106 through the thickness of the jaw portion 62, which may

increase 1ts radial compliance.

[00111] Figure 8 1llustrates one embodiment of a system 200 for treating a lesion 208
present 1n a blood vessel of a subject, such as an artery. The system 200 comprises a pulse
ogenerator 202, a sterile connector 204 such as the sterile connector described below and a
mechanical waveguide 206. It should be understood that the system 200 may comprise a
further mechanical waveguide directly connected to the pulse generator 202. In this case,
the sterile connector may be used for connecting together the mechanical waveguide 206

and the further mechanical waveguide.

[00112] The sterile connector 204 1s adapted to connect a first element 202, e.g., the
output of a pulse generator or a further mechanical waveguide, to the mechanical
waveguide 206, while efficiently coupling mechanical pulses incoming from the first
element 202 into the mechanical waveguide 206 and preventing biological contamination

from the first element 202 to the mechanical waveguide 206.

[00113] Figure 9 schematically 1llustrates one embodiment of a sterile connector 300
used to connect the distal end 304 of a first wave guiding element 302, such as the output of
a pulse generator or a mechanical waveguide, to the proximal end 306 of a mechanical
wavegulde 308. The sterile connector 300 comprises a sterile barrier 310 which separates
the distal end 304 of the first member 302 from the proximal end 306 of the mechanical

waveguide 308.
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[00114] The sterile barrier 310 1s adapted to prevent biological contamination from
the distal end 304 of the first member 302 to be transferred to the proximal end 306 of the
mechanical waveguide 308. In this manner, 1f the mechanical waveguide 308 1s sterile, then
no contamination from the distal end 304 of the first member 302 1s possible and the
sterility of the mechanical waveguide 308 can be maintained. The other function of the
sterile barrier 310 1s to ensure efficient transmission of the mechanical pulses from the
distal end 304 of the first member 302 to be transferred to the proximal end 306 of the
mechanical waveguide 308. The sterile barrier 310 may also ensure electrical 1solation

between the two mechanical waveguides 302 and 308.

[00115] In one embodiment, the sterile barrier 310 1s made from at least one material
that can be sterilized and that also provide good acoustic coupling between the material of
distal end 304 of the first member 302 and the material of the proximal end 306 of the
mechanical waveguide 308. In one embodiment, the good acoustic coupling can be
obtained by using a material for the sterile barrier 310 that has a value for acoustic
impedance Z (defined as Z= density x speed of sound) as close as possible to the acoustic
impedance of the distal end 304 of the first member 302 and that of the proximal end 306 of
the mechanical waveguide 308. For example, if both the distal end 304 of the first
member 302 and the proximal end 306 of the mechanical waveguide 308 are made of
titanium, then the sterile barrier 310 could also be made of titanium which 1s a sterilizable
material. In this case, the sterile barrier has the same acoustic impedance as the distal
end 304 of the first member 302 and also as the proximal end 306 of the mechanical
waveguide 308, thereby ensuring efficient mechanical energy transmission between the
distal end 304 of the first member 302 and the proximal end 306 of the mechanical
waveguide 308. In one embodiment, the sterile barrier 310 may be made of a material
having an acoustic impedance that 1s close to that of the mechanical waveguides to promote

the transmission of mechanical waves between the mechanical waveguides.

[00116] In an embodiment 1n which the acoustic impedance of the sterile barrier 310
1s different from that of the distal end 304 of the first member 302 and the proximal

end 306 of the mechanical waveguide 308, then the sterile barrier 310 may be made as thin
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as possible to prevent or limit transmission losses within the connector. For example the

sterile barrier 310 can be made from a thin sterilizable polymer film such as polycarbonate

or PIFE.

[00117] Figure 10 1llustrates one embodiment of a sterile connection system which
comprises a female portion 350, a male portion 352 and a sterile barrier 354 having a
geometry that conforms to the male/female arrangement. The female portion 350 comprises
a recess 356 for recerving the male portion 352 therein and the sterile barrier 354 1s inserted
between the female portion 350 and the male portion 352 into the recess 356 of the female
portion so as to prevent any physical contact between the female portion 350 and the male
portion 352. The sterile barrier 354 then may act as a sleeve positioned around the proximal
end 358 of the male portion 352 to prevent any physical contact between the female and

male portions 350 and 352.

[00118] In one embodiment, the sterile barrier 354 1s flexible and deformable so as to
be 1nserted 1nto the recess 356 of the female portion 350 and cover the part 358 of the male
portion 352 that 1s insertable into the recess 356 of the female portion 352 so as to prevent
any physical contact between the female and male portions 350 and 3352. In another
embodiment, the sterile barrier 354 wraps over the outside surface of the female portion to

further prevent any contact between the female portion and the male portion.

[00119] In another embodiment, the sterile barrier 354 1s rigid. In this case, the
sterile barrier 354 has an inner portion 360 that matches the shape of the internal recess 356
so that the sterile barrier 354 may be 1nserted into the recess 356 of the female portion 350.
At the same time, the sterile barrier 354 1s provided with an inner portion 360 provided
with a shape matching the shape of the proximal end 3358 of the male portion 352 for
recerving the proximal end 358 of the male portion 352 therein. The sterile barrier 354 also

has another portion 362 that can slip over the outside surface of the female portion 350.

[00120] In one embodiment, the female and male portions 350 and 352 are part of
components adapted to generate and/or propagate mechanical waves. For example, the

female portion 350 may be part of or integral with a pulse generator or a first mechanical
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waveguide while the male portion 352 may be part of or integral with a second mechanical

waveguide, or vice versa.

[00121] The sterile connection assembly of Figure 10 provides an adequate
alignment between the axis of the female portion 350 and that of the male portion 352 and
also provides an adequate angular alignment between the distal face 364 of the female
portion 350 and the proximal face 366 of the male portion 352 to prevent or limit losses at

the intertace therebetween.

[00122] Figure 11 1llustrates an embodiment of a sterile barrier 400 that may be used
with the connector assembly 50 or 100. The sterile barrier 400 acts as a sleeve for covering
the connector body 51a 1n order to 1solate the connector body 5la from the connector
body 51b or the connector body 80. The sterile barrier 400 comprises an outer tubular
body 404 defining an internal cavity of which the diameter substantially corresponds to the
external diameter of the jaw portion 62. The sterile barrier 400 also comprises an inner
tubular body 402 inserted 1n the outer tubular body 404 so that the distal ends of the inner
and outer tubular bodies 404 and 402 are coplanar. An annular wall 403 extends between
the distal end of the outer tubular body 404 and the distal end of the inner tubular body 402.
As a result, the proximal end of the outer tubular body 404 1s open while 1ts distal end 1s

closed.

[00123] The 1nner tubular body 402 defines an internal cavity of which the diameter
1s substantially equal to that of the outer jaw portion 86 and the length of the inner tubular
body 402 1s at least equal to that of the outer jaw portion 86. The sterile barrier 400 1s
further provided with a disk-shaped wall 406 which extends at the proximal end of the

inner tubular body 402 so as to close the proximal end of the inner tubular body 402.

[00124] In order to assemble the connector 100, the connector body 80 1s assembled
according to the method described above with respect to Figure 7. Then the sterile
barrier 400 1s installed over the jaw portion 62 so that the outer tubular body 404 of the
sterile barrier 400 be positioned over and around the external face of the jaw portion 62, the

annular wall 403 abuts against the distal end of the jaw portion 62 and the inner tubular
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body 402 be inserted into the internal aperture of the jaw portion 62 along with the
wall 406. Once the sterile barrier 400 has been 1nstalled over the jaw portion 62, the
connector body 80 1s secured to the jaw portion 62 by inserting the outer jaw portion 86
into the inner tubular body 402. As a result, the connector body 80 1s 1solated from the jaw
portion 62 so that the connector body 80 and the jaw portion 62 are not 1n physical contact,
and the mechanical waveguides are also i1solated. Once the connector 400 has been
assembled, the mner tubular body 402 1s located between the internal face of the jaw
portion 62 and the outer face of the outer jaw portion 86, thereby preventing any physical
contact between the connector body 51a and the connector body 80. Furthermore, the
wall 406 1s located between the ends of the two mechanical waveguides to be connected

together, thereby preventing any physical contact between the two mechanical waveguides.

[00125] In one embodiment, the sterile barrier 400 1s made a flexible and/or
deformable material. In this case, the outer and inner tubular bodies 404 and 402 and the

wall 406 may be integral.
[00126] In another embodiment, the sterile barrier 400 1s made of a rigid maternal.

[00127] In one embodiment, the sterile barrier may further act as a coupling medium
such as coupling medium 356 1n order to promote the transmission of mechanical waves
between two mechanical waveguides connected together using the connector assembly 100.
In this case, the sterile barrier may be made of a sterilisable material such as titanium,

titanium alloy, polycarbonate or PTFE (Teflon ).

[00128] By using the above-described sterile barrier with the proper materials and
geometry, sterility of the proximal end of a sterile mechanical waveguide used within a

minimally-invasive medical treatment device can be maintained throughout the procedure.

[00129] In one embodiment, a mediating body may be made of Dow Corning " 734
RTYV Silicone rubber. In another embodiment, a mediating body may be made of Neoprene

Rubber Strip.
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[00130] The embodiments of the invention described above are intended to be
exemplary only. The scope of the invention 1s therefore intended to be Iimited solely by the

scope of the appended claims.
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I/'WE CLAIM:

1. A connector assembly for connecting together a first mechanical waveguide

and a second mechanical waveguide, comprising:

a first connector body securable to the first mechanical waveguide, the first
connector body comprising a first jaw portion provided with a first aperture for receiving

the first mechanical waveguide therein;

a second connector body securable to the second mechanical waveguide, the
second connector body comprising a second jaw portion provided with a second aperture
for recerving the second mechanical waveguide therein, the first and second connector

bodies being removably securable together:;

a first mediating body having an acoustic impedance being lower than an
impedance of the first mechanical waveguide, the first mediating body being inserted
within the first aperture of the first jaw portion to be positioned between the first jaw

portion and the first mechanical waveguide; and

a second mediating body having an acoustic impedance being lower than an
impedance of the second mechanical waveguide, the second mediating body being inserted
within the second aperture of the second jaw portion to be positioned between the second

jaw portion and the second mechanical waveguide.

2. The connector assembly of claim 1, wherein the first and second mediating
bodies each have a respective hole for receiving a respective one of the first and second

mechanical waveguides therein.

3. The connector assembly of claim 2, wherein the first and second jaw

portions each have a tubular shape.

4. The connector assembly of claim 3, wherein the first and second mediating

bodies each have a tubular shape.
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5. The connector assembly of claim 1, wherein the first and second mediating
bodies each extend along at least a section of a perimeter of a cross-section of a respective

one of the first and second mechanical waveguides.

6. The connector assembly of claim 1, wherein the first and second jaw
portions each extend along at least a section of a perimeter of a cross-section of a respective

one of the first and second mediating bodies.

7. The connector assembly of any one of claims 1 to 6, wherein one of the first
and second connector bodies corresponds to a female connector and another one of the first
and second connector bodies corresponds to a male connector being securable within the

female connector.

8. The connector assembly of claim 7, wherein the male and female connector
are each threaded, the male connector being threadingly insertable into the female

connector.

9. The connector assembly of claim 7, wherein one of the female connector
and the male connector 1s provided with a protrusion and another one of the female
connector and the male connector 1s provided with a recess mating the protrusion for

securing the male and female connectors together.

10. The connector assembly of any one of claims 7 to 9, wherein the second jaw
portion 1s 1nsertable into the first aperture of the first jaw portion so that the second
connector body corresponds to the male connector and the first connector body corresponds
to the female connector, the connector assembly further comprising a third jaw portion
provided with a third aperture for receiving the second mechanical waveguide therein, the

third jaw portion being insertable into the second aperture of the second jaw portion.

11. The connector assembly of claim 10, wherein an internal face of the second
jaw portion 1s inclined and the external face of the third jaw portion 1s inclined to mate the

internal face of the second jaw portion.
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12. The connector assembly of claim 10 or 11, wherein the first jaw portion 1s

provided with at least one slot longitudinally extending from a distal end thereof.

13. The connector assembly of claim 10 or 11, wherein the third jaw portion 1s

provided with at least one longitudinally extending slot.

14. The connector assembly of any one of claims 1 to 13, wherein the first and
second mediating bodies are made of a material being at least one of biocompatible and

sterilizable.

15. The connector assembly of any one of claims 1 to 14, wherein the first and

second mediating bodies are each made of one of rubber and silicon polymer.

16. The connector assembly of any one of claims 1 to 14, wherein the first and

second mediating bodies are each made of an elastic material.

17. The connector assembly of claim 1, further comprising mechanical means
for laterally aligning a distal end of the first mechanical waveguide and a proximal end of

the second mechanical waveguide together.

18. The connector assembly of claim 17, wherein the mechanical means
comprises an alignment plate comprising an aperture and an inclined plane extending
around the aperture, the aperture for recerving therein the distal end of the first mechanical

waveguide and the proximal end of the second mechanical waveguide.

19. The connector assembly of claim 17, wherein the mechanical means

comprises a sleeve insertable over the first and second jaw portions.

20. The connector assembly of claim 1, further comprising mechanical means
for angularly aligning a distal end of the first mechanical waveguide and a proximal end of

the second mechanical waveguide together.
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21. The connector assembly of claim 1, further comprising mechanical means
for exerting an axial compressive force between the first and second mechanical

waveguides.

22, The connector assembly of claim 21, wherein the mechanical means 1s
adapted to push at least one of the first and second mechanical waveguides towards another

one of the first and second mechanical waveguides.

23. The connector assembly of claim 21 or 22, wherein the mechanical means

comprises at least one of a screw, a lever, an inclined plane, a magnet, and a spring.

24. The connector assembly of claim 1, further comprising mechanical means

for exerting a lateral force on the jaw portions.

25. The connector assembly of claim 24, wherein the mechanical means

comprises at least one of screws, levers, inclined planes, magnets and springs.

26. The connector assembly of claim 1, wherein the first and second mediating
bodies are each fixedly secured to the first and second mechanical waveguides,

respectively, and to the first and second jaw portions, respectively.

27, The connector assembly of claim 26, further comprising at least one of
screws and rivets for fixedly securing the first and second mediating bodies to the first and
second mechanical waveguides, respectively, and to the first and second jaw portions,

respectively.

28. The connector assembly of claim 26, wherein the first and second mediating
bodies are bonded to the first and second mechanical waveguides, respectively, and to the

first and second jaw portions, respectively.

29. The connector assembly of claim 26, wherein the first and second mediating
bodies are each overmolded to the first and second mechanical waveguides, respectively,

and to the first and second jaw portions, respectively.
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30. The connector assembly of any one of claims 1 to 29, further comprising a

coupling medium to be positioned between the first and second mechanical waveguides.

31. The connector assembly of any one of claims 1 to 29, further comprising a
sterile barrier for preventing a physical contact between the first and second connector

bodies and between the first and second mechanical waveguides.

32. The connector assembly of any one of claims 10 to 13, further comprising a
sterile barrier made of a sterilizable material and insertable between the female and male
connectors, the sterile barrier comprising an outer tubular body, an inner tubular body
inserted into the outer tubular body, an annular wall extending from a distal end of the outer
tubular body to a distal end of the inner tubular body and disk-shaped wall closing a distal
end of the inner tubular body, the outer tubular body being positional over an external face
of the first jaw portion so that the inner tubular body be insertable into the first aperture of

the first jaw portion and the second jaw portion being insertable into the inner tubular body.

33. The connector assembly of claim 32, wherein the outer tubular body, the

inner tubular body, the annular wall and the disk-shaped wall are integral.

34. The connector assembly of claim 32 or 33, wherein the sterile barrier 1s

made of a flexible material.

35. The connector assembly of claim 32 or 33, wherein the sterile barrier 1s

made of a rigid material.



CA 0302585%2 2018-11-28

WO 2018/087741 PCT/IB2017/057115
1/7

10\

14 18 16 12
Pulse Transmission -
FIG. 1

20\

24 26 o8 57 "
Pulse Transmission Transmission _

FIG.2

SUBSTITUTE SHEET (RULE 26)



CA 0302585%2 2018-11-28

WO 2018/087741 PCT/IB2017/057115
2/7

31a 31b

- \ 3897\ 37
T

ap S| V7777 33
T
qy—YV 777 777 7= ac
30 37
FIG.3
45 42
V/
46 / 46 0
38 / 39
L
=
7
44
FIG.4

SUBSTITUTE SHEET (RULE 26)



PCT/IB2017/057115

WO 2018/087741

3/7

12°]

8G

G Ol

SN IS

(L L (L

(L L L

cS

ws—" KW\VMVVV&st\\\\\\\\A
9 GG | €9

0L

v
89 9G 29 Ble

\

0S

SUBSTITUTE SHEET (RULE 26)



WO 2018/087741 PCT/IB2017/057115
4/7

30 \ 86
A

90

\\\\\\“

0O T T 77777 77

VIIIIIIIIIIIIIIIM

\\\\ 2

54

FIG.6

SUBSTITUTE SHEET (RULE 26)



CA 0302585%2 2018-11-28

WO 2018/087741 PCT/IB2017/057115
5/7

100
80
85

%

SUBSTITUTE SHEET (RULE 26)



WO 2018/087741

200
N

202

Pulse generator
or first mechanical
waveguide

300
N

302

CA 0302585%2 2018-11-28

PCT/IB2017/057115
6/7

Sterile Mechanical -
Connector
FIG.8
310
308
304 30? 6 f
FIG.9

SUBSTITUTE SHEET (RULE 26)



CA 0302585%2 2018-11-28

WO 2018/087741 PCT/IB2017/057115
77

360

364 356
ki
352
354
350 360
FIG.10
400 T~ 404
~ 402
e \, ~
/ / ~
| /
i 403
~
~N
N
406
FIG.11

SUBSTITUTE SHEET (RULE 26)



50

AN

51a
08
>0 04
/0

62

\ 53 | 55

WEVIAVIIIAVIAJ, __—51b

A TT T ESSSSSES
[ LSS LSS ([ LS

<R

FIG.5




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - abstract drawing

