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A CANNULA FOR IMPROVED DENTAL ROOT CANAL CLEANING

INTRODUCTION

The disclosure relates to a cannula for a dental irrigation system and to a method for flushing
a liquid into a root canal.

BACKGROUND

Endodontic therapy sometimes includes flushing a rinsing or therapeutic liquid into a root
canal for rinsing or treating the root canal. This process requires a very thin and flexible
cannula.

When a cannula is inserted into the root canal to flush the canal, one problem which may
occur is that the root canal may become partially or fully clogged from debris loosened during
the flushing.

Another problem is that the flushing may accidentally cause bacterial contaminants to flow
into the soft tissue rather than flushing it out of the canal. The risk of this undesirable
outcome may be increased by the clogging of the root canal which inevitably increases
pressure at the soft tissue at the bottom of the canal at which the tip of the cannula is
typically located during endodontic therapy procedures.

A further problem is that the cannula itself may become clogged. This may for example occur
during insertion of the cannula into the root canal, upon which debris may be caught in an
opening of the cannula. Resultingly, the desired flow of the rinsing or therapeutic liquid may
not be delivered in the root canal.

SUMMARY

It is an object of the present disclosure to improve flushing of root canals and particularly to
allow better back-flushing of debris, to reduce excessive pressures in the root canal during
flushing, and to allow better manoeuvrability and thereby reachability into the bottom of

curved root canals.
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A first aspect of the invention relates to a cannula for a dental irrigation system comprising a
body extending in an axial direction between a proximal end and a distal end, and comprising
at least two separate conduits extending in the axial direction between at least one proximal

opening and at least two distal openings such that each of the at least two separate conduits
terminate at a separate opening of the at least two distal openings, where the distal openings
are displaced relative to each other in the axial direction.

The provision of separate conduits with separate openings may ensure an improved
distribution of pressure and liquid flow within the root canal. If a region of a root canal
becomes partially or fully clogged, then the separate conduits may advantageously facilitate
a redistribution of the pressure, thereby potentially reducing the risk of bacterial
contaminants. This facilitation may for example be implemented by a manifold at the
proximal end of the cannula fluidly coupling the different conduits. Alternatively, a subgroup
of the conduits provides the rinsing or therapeutic liquid, while another subgroup of the
conduits is configured to accommodate backflow of the rinsing or therapeutic liquid. Thereby,
even if the root canal becomes fully clogged, liquid can advantageously flow out of the canal.
Alternatively, backflow can be facilitated by the provision of a non-circular cross section of
the body, for example via one or more outer indentations extending in the axial direction of
the body.

In contrast to conventional cannulas with several openings, but only one conduit fluidly
coupled to these openings, separate conduits terminating at separate openings may provide
an improved control of the actual pressure provided at each opening.

Moreover, separate conduits terminating at separate openings of the distal end of a cannula
may ensure that even if one of the conduits is partially or fully blocked by debris, flushing
may still be performed via another conduit.

The provision of separate conduits may further ensure that even if manufacturing defects or
damage should impair one conduit, another conduit is available.

In the context of the present invention, a cannula for a dental irrigation system is typically
made with a thickness and a material which permits insertion into curvy and thin dental root
canals. A cannula may for example be flexible in the sense that it has a flexural rigidity, at
least within one bending plane, which enables straightforward insertion into a root canal.
Further, a cannula may preferably have a threshold of plastic deformation which lies beyond
the typical requirements for insertion in a root canal. These requirements may typically be
obtained by using glass or a polymer material as a material of the cannula.
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A cannula according to embodiments of the invention may alternatively be referred to as a
dental cannula.

Typical outer diameters of cannulas may lie in the range of 0.1 mm to 1.5 mm, for example
in the range of 0.1 mm to 1.0 mm, for example in the range of 0.3 mm to 0.6 mm. Typical
wall thickness of the body and the individual conduits lie in the range of 0.05 mm to 0.2 mm.
And typical inner diameters of the separate conduits lie in the range of 0.05 mm to 0.8 mm.

In other embodiments, the outer diameter varies along the axial direction, for example such
that a proximal outer diameter of the proximal end is greater than a distal outer diameter in
the distal end.

The at least two distal openings are typically located near the distal end of the body,
although they are typically axially offset relatively to each other. For example, one distal
opening can be located at the outermost part of the distal end of the body, whereas another
opening is located at an axial distance of 2 mm from that outermost part. Thereby, the distal
openings are not necessarily all located at the outer tip of the distal end but may be
distributed axially in the region of the distal end, although it is typically preferred that all of
the distal openings are located in the root canal when the cannula is fully inserted into the
root canal when performing endodontic therapy.

The conduits may be considered as separate in the sense that in a cross section of the
cannula, the fluid canals that each of the conduits host are separate, i.e. separated by walls
of the cannula. Generally, the cross section of the body is perpendicular to the axial direction
in which the body extends. A conduit typically has an at least partially empty volume
extending in the axial direction for facilitating fluid flow within the cannula.

In some embodiments, the distal openings are axially offset relatively to each other.
Resultingly, not all of the conduits extend all the way to the outermost part of the distal end
of the body. In such embodiments, a cross section near the distal end may only show one
conduit. Nevertheless, a cross section between the proximal end and the at least two distal
openings generally displays each separate conduit.

In embodiments of the invention, the cannula comprises at most one distal opening for each
separate conduit.

The provision of a distal opening for each separate conduit may improve control of the
pressure at each of the distal openings.
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In embodiments of the invention, the distal openings are displaced relative to each other in
the axial direction.

In embodiments of the invention, the cannula comprises no axially aligned distal openings.

In embodiments of the invention, one of the at least two distal openings is at the distal end
of the body and another one of the at least two distal openings is remote from the distal end.

The provision of distal openings displaced relatively to each other in the axial direction, i.e.,
axially offset distal openings, may ensure that negative effects of clogging of the root canal
are reduced. For example, if the root canal is clogged between two axially offset distal
openings, the separate conduits may separately flush the regions of the root canal separated
by the clogging.

Further, in embodiments in which separate subgroups of conduits facilitate separate flow
directions, an axial thoroughly administered performed along the axial extend between the
distal openings.

In embodiments of the invention, the body defines a tapered section comprising at least one
tapered surface being non-perpendicular to the axial direction, and at least one of the distal
openings is located in the at least one tapered surface.

In embodiments of the invention, the tapered section comprises at least two tapered surfaces
being non-perpendicular to the axial direction, and at least one of the at least two distal
openings is located in each of the at least two tapered surfaces. In other words, at each
separate surface of the at least two tapered surfaces, a separate opening of the at least two
distal openings is located.

The provision of one or more tapered sections may advantageously facilitate that distal
openings of axially aligned conduits can be located remotely from the outermost distal end.
Thereby, the manufacturing of the cannula may advantageously become easier.

Further, distal openings may thereby be partially radially oriented, in contrast to being fully
axially oriented, thereby providing improved facilitation of radial fluid flow which can be
desirable when flushing a root canal.

Additionally, the provision of one or more tapered sections may ease insertion of the cannula
into the root canal.
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Moreover, a tapered section may increase the effective area of a distal opening, potentially
reducing the risk of clogging. If a distal opening is located partially or fully on a tapered
surface, the risk of blocking that opening by contact with, e.g., the bottom of the root canal
is also reduced.

Optionally, more than one distal opening is partially or fully located in a tapered surface, for
example a first distal opening is partially located in the tapered surface, and a second distal
opening is fully located in the tapered surface.

In embodiments of the invention, the distal end defines a plane transverse to the axial
direction.

One of the distal openings may be located at such a transverse plane, for example the
opening of a main conduit having the largest relative cross-sectional opening of all of the
conduits.

Thereby, flushing of the bottommost part of the root canal may advantageously be prioritized
by the dimensions of the cannula, while alternative flow routes are present via other conduits
and other distal openings.

In embodiments of the invention, the conduits have different cross sections.

In embodiments of the invention, at least two of the at least two conduits have different
cross-sectional size and shape.

Examples of different cross sections are thus different cross-sectional size and different
cross-sectional shape. Such different cross sections may inherently ensure that the relative
magnitudes of flow in the conduits differ, thereby, for example, ensuring that different
volumes of fluid are provided to different regions in the root canal. Further, having different

cross sections may ensure easier manufacturing of the cannula.

In embodiments of the invention, a main conduit of the at least two conduits has a larger
internal cross-sectional size than another conduit of the at least two conduits, wherein the
main conduit terminates at a distal opening of the at least two distal openings closest to a
distal termination of the distal end.
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The distal termination of the distal end may also be understood as the outermost part of the
cannula at the distal end. That is, the location of termination of the end of the cannula
intended for insertion into the root canal.

The provision of a main conduit terminating at a distal opening closest to the proximal end
and with a larger internal cross-sectional size than another conduit may advantageously
ensure that fluid flow is primarily provided to the distal end.

In embodiments of the invention, at least one of the at least two conduits have a circular
cross-sectional shape, and another of the at least two conduits have a non-circular cross-
sectional shape.

For example, in an embodiment, the main conduit has a circular cross-sectional shape, and
another conduit has a non-circular cross-sectional shape. Such a choice of shapes may
enable straightforward manufacturing of cannulas which are to host, e.g., both a main

conduit as well as one or more secondary/auxiliary conduits.

In embodiments of the invention, the proximal end forms a connector for connection to a
source of fluid. The connector could e.g. include a threaded screw connection, e.g. Luer Lock,
or the connector may include a sharp pointed proximal termination suitable for penetrating a
puncture. The connector may particularly serve to connect the cannula to a syringe which
may be used for flushing liquid through the canula into the root canal. The connector may
particularly encircle all proximal openings to thereby allow simultaneous connection of all
conduits to the same source of fluid.

Alternatively, the proximal end is in fixed connection with a source of fluid, e.g. with a
syringe. In that case, the fixedly joined source of fluid may be in fluid communication with all
proximal openings for simultaneous flushing of liquid into all separate conduits.

In embodiments of the invention, the body is, at least partly, of a flexible material.

This flexible material may alternatively be referred to as a main body material.

In embodiments of the invention, the flexible material is glass or a polymer material, such as
polypropylene or polycarbonate. Preferably, the body is primarily formed of the flexible
material, i.e., the flexible material forms more than 50 % of the volume of the body, for
example more than 60 %, for example more than 70 %, such as more than 80 °%. Here, the
volume of the body does not include the empty parts of the body such as those provided by
the conduits.
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Glass or polymer materials may advantageously provide the desired properties of the
cannula, particularly regarding flexibility.

In embodiments of the invention, the body further comprises a rigid material deposited in the
flexible material as elongated strands extending in the axial direction.

In embodiments of the invention, the rigid material comprises a glycol-modified polyethylene
terephthalate (PETG), a polycarbonate, or a cyclic olefin copolymer.

In embodiments of the invention, the elongated strands are deposited around each of the at
least two separate conduits.

By combining a flexible material with a rigid material deposited in the flexible material as
elongated strands extending in the axial direction, a cannula having the correct balance of
flexibility and stiffness may be obtained.

In particular, polypropylene is very flexible and permits a large degree of bending, i.e. a
relatively small bend radius of the cannula. Even if the material is plastically deformed, it
tends to deflect back towards its original shape. By further depositing a rigid material, a
desired bend radius may be provided, while not making the cannula too soft. Thereby, the
cannula may easily and efficiently be inserted into a root canal.

In embodiments of the invention, the cannula has a first flexural rigidity in a first bending
direction perpendicular to the axial direction and a second flexural rigidity in a second
bending direction perpendicular to the axial direction and the first bending direction, wherein
the first flexural rigidity and the second flexural rigidity are different.

The flexural rigidity may be understood as a resistance offered by a structure such as a
beam, while undergoing bending. In the context of bending and flexibility, the cannula,
typically having a long and thin body, may be modelled as a beam or a rod.

The first flexural rigidity may, for example, be at least 5 % larger than the second flexural
rigidity, for example at least 10 % larger, for example at least 20 % larger, such as at least
30 % larger.

By having different flexural rigidities in different bending directions, a preferred bending
plane is established. This bending plane could be spanned by the axial direction and the
bending direction associated with the lower flexural rigidity, for example the second flexural
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rigidity. Thereby, the cannula may be easier the flexibly insert into a root canal. Further, in
some embodiment, a preferred bending plane may also ensure that the cannula has a
particular orientation inside the root canal, which may be preferable in some situations.

In embodiments of the invention, the body defines a non-circular section having a non-

circular cross section.

The provision of a non-circular cross section may facilitate backflow, for example via outer
indentations extending in the axial direction of the body. Thereby, the risk of clogging is
strongly reduced. In this respect, a non-circular cross section is particularly useful, since the
cross section of the root canal itself is typically circular since it is typically drilled by a
rotating drill. Hence, a non-circular cross-section may ensure that backflow is possible,

despite variations in root canal diameters.

In embodiments of the invention, the non-circular section extends at least from the distal end
and at least 50 percent, for example 100 percent, of the distance between the proximal end
and the distal end.

In other words, cannulas according to the invention are not necessarily non-circular along
their entire extend in the axial direction, but may just be non-circular along part of their
extend, such as along 50 percent of their extend. By having both a non-circular and a circular
section, the advantages of a non-circular section may be provided, for example facilitation of
backflow in the root canal, while also maintaining the advantages of a circular section, for
example easy attachment to a connector.

In embodiments of the invention, the non-circular cross section has a roundness of at most
0.9, for example at most 0.8, for example at most 0.7, for example at most 0.6, such as at
most 0.5.

The ISO definition of roundness is the ratio of the radii of the inscribed circle and the
circumscribed circle, i.e. the maximum and minimum sizes for circles that are just sufficient
to fit inside and to enclose the shape. In this context, the shape is the outer perimeter of the

(non-circular) cross section.

An alternative criterium for a cross-section being non-circular is that the circularity, which is
defined as 41 x Area / Perimeter?, has a certain value. That is, in embodiments of the
invention, the non-circular cross section has a circularity of at most 0.9, for example at most

0.8, for example at most 0.7, for example at most 0.6, such as at most 0.5. Again, the
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relevant shape from which the circularity is to be evaluated is the outer perimeter and the area
which it encloses.

In embodiments of the invention, the non-circular cross section comprises one or more outer
indentations extending in the axial direction in the non-circular section, the one or more
outer indentations having a radial depth of at least 5 % of a maximal cross-sectional
diameter of the cannula in the non-circular section, for example at least 10 %, for example at
least 15 %, for example at least 20 %, such as at least 25 % of the maximal cross-sectional

diameter.

For a given cross section, the maximal cross-sectional diameter is the largest diameter of
that cross section. Since cross sections may be non-circular, a cross section may have
several different diameters depending on the angle and position of measurements. Between
all the diameters measured via all possible angles and positions of measurements, the
maximal cross-sectional diameter may be understood as the largest of these.

In embodiments of the invention, the non-circular cross section has an outer cross-sectional
flow area between a cross-sectional perimeter of the non-circular cross section and a
circumscribed circle of the non-circular cross section, wherein the non-circular cross-section
has an inner cross-sectional flow area defined by the at least two separate conduits, wherein

the outer cross-sectional flow area is larger than the inner cross-sectional flow area.

Here, the circumscribed circle may be understood as the minimum sized circle which is just
sufficient to enclose the non-circular cross section. In embodiments of the invention, such a
circumscribed circle leaves one or more gaps relatively to the body (and its non-circular
section having a non-circular cross section). These gaps correspond to the area through
which fluid may flow backwardly in endodontic therapy, and hence, these gaps define an
outer cross-sectional flow area. The conduits, namely the inner cross-sectional areas thereof,

define the inner cross-sectional flow area.

The provision of an outer cross-sectional flow area which is larger than the inner cross-
sectional flow area may ensure that sufficient area for backflow is always provided, thereby
avoiding undesirably large pressures at the bottom of the root canal.

In embodiments of the invention, the non-circular section has a cross section defining a
plurality of sectors of a circle, e.g. such that the circumference extends continuously in one

sector but discontinuously between two sectors.

In embodiments of the invention, the sectors of a circle have different radial size.
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In embodiments of the invention, the cannula comprises one conduit for each sector of a

circle.

Each sector of the plurality of sectors of a circle may, for example, host a separate conduit of
the at least two conduits. The provision of a cross section defining a plurality of sectors of a
circle, may serve as a simple approach of realizing separate conduits. In particular,
manufacturing may be simple. Further, circular sectors may ensure that the outer perimeter
of the body is provided with outer indentations, for example between these sectors. Different
radially sized sectors of a circle may advantageously facilitate conduits having different
properties or functions, for example different flow rates.

In embodiments of the invention, the cannula has an outer diameter from 0.2 mm to 1.5
mm, for example from 0.2 mm to 0.8 mm, for example from 0.3 mm to 0.6 mm, such as

from 0.35 mm to 0.5 mm.

In embodiments of the invention, the outer diameter gradually changes from a proximal
outer diameter at the proximal end to a distal outer diameter at the distal end, wherein the
proximal outer diameter is greater than the distal outer diameter.

A gradually changing outer diameter at the proximal end to the distal end may ensure that
the flexibility of the cannula varies along the axial direction. In particular, the proximal end of
the cannula which is typically not inserted into the root canal does not require the same
flexibility as the distal end which is typically located at the bottom of the root canal during
use. Since the outer diameter gradually changes, mechanical weaknesses of the cannula may
potentially be avoided.

The proximal outer diameter can for example be at least 0.9 mm, for example at least 1.0
mm, such as at least 1.1 mm. The distal outer diameter can for example be at most 0.9 mm,

for example at most 0.8 mm, such as at most 0.7 mm.

In some embodiments, a gradually changing outer diameter is present in sections of the
cannula not comprising a tapered surface or a circumferentially tapered shape.

In embodiments of the invention, the at least two conduits are at least four conduits and the
at least two distal openings are at least four distal openings, wherein each of the at least four
conduits terminate at a separate opening of the at least four distal openings.

Additional conduits may increase adaptability of the cannula, for example regarding clogging
or blocking of a conduit.
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In embodiments of the invention, the at least four conduits comprise a central conduit and at
least three circumferential conduits, wherein the central conduit is circumferentially

surrounded by the at least three circumferential conduits.

A central conduit circumferentially surrounded by circumferential conduits may
advantageously constitute an approximately symmetrical shape which in turn can simplify

manufacturing of the cannula.

In embodiments of the invention, each of the at least three circumferential conduits forms a
respective protruding structure extending in the axial direction an protruding from the central

conduit transverse to the axial direction.

The provision of protruding structures formed by the circumferential conduit may in turn
facilitate the formation of one or more outer indentation, for example to provide a non-

circular cross section of the cannula.

In embodiments of the invention, distances separating the at least three circumferential
conduits from the central conduit are different.

Such different distances may also be referred to as different transversal distances.

Different distances can ensure that the openings of the relevant conduits have different axial
locations. For example, if the openings are located at a tapered surface or a circumferentially
tapered shape of the cannula, the different distances between the conduits can enable
different axial locations of the openings of these conduits.

In embodiments of the invention, at least one distance separating the at least three
circumferential conduits from the central conduit is greater than an outer wall thickness of
the at least three circumferential conduits by a factor of at least two.

A certain distance between a circumferential conduit and the central conduit may in turn
ensure a certain axial distance between the opening of the central conduit and the opening of
the relevant circumferential conduit, for example if one of these openings are located at a
tapered surface or a tapered face of a circumferentially tapered shape.

In embodiments of the invention, the central conduit terminates at the distal end of the body
and at least some of the at least three circumferential conduits terminate remote from the
distal end.
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In embodiments of the invention, the distal end has a circumferentially tapered shape having
a narrowed end at the termination of the distal end. A circumferentially tapered shape may
typically define a conical section.

The circumferentially tapered shape may ease insertion of the cannula into a root canal.
Further, it may facilitate different axial locations of openings of different conduits.

Moreover, a circumferentially tapered shape having a narrowed end at the termination of the
distal end may be simpler to manufacture, for example in comparison with a non-

circumferentially tapered shape.

In embodiments of the invention, the central conduit terminates at the narrowed end of the
circumferentially tapered shape and each of the at least three circumferential conduits
terminate in a tapered face of the circumferentially tapered shape.

This ensures different axial locations of the central conduit and the circumferential conduits.

In embodiments of the invention, the body has a length of at least 10 mm in the axial
direction, for example at least 12 mm, for example at least 14 mm, for example at least 16

mm, for example at least 18 mm, such as at least 20 mm.

In embodiments of the invention, the body has an outer diameter transverse to the axial
direction of at most 1.50 mm, for example at most 1.40 mm, for example at most 1.30 mm,

for example at most 1.20 mm, such as at most 1.10 mm.

In embodiments of the invention, wherein the body has a length of at least 10 mm in the
axial direction and an outer diameter transverse to the axial direction of at most 1.50 mm for

insertion of the dental cannula into a root canal of a human permanent tooth.

In embodiments of the invention, the length of the body is at most 60 mm, for example at

most 50 mm, for example at most 40 mm, such as at most 30 mm.

In embodiments of the invention, a distal portion of the dental cannula has a bending
moment of at most 12 mNmm, for example at most 9.0 mNmm, for example at most 6.0
mNmm, such as at most 4.0 mNmm. In embodiments of the invention, the distal portion of
the dental cannula is the portion of the body starting from the distal end and extending 7.0

mm in the axial direction towards the proximal end.
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In embodiments of the invention, the body has a conical section terminating at the distal end
such that the outer diameter of the body decreases along the axial direction towards the
distal end. In case the body also has a spherically rounded tip at the distal end, this
spherically rounded tip may be considered as a part of the conical section.

In embodiments of the invention, the outer diameter at the distal end is at most 0.60 mm,
for example at most 0.50 mm, for example at most 0.40 mm, such as at most 0.30 mm.

In embodiments of the invention, the length of the conical section in the axial direction is at
least 1.0 mm, for example at least 2.0 mm, for example at least 5.0 mm, for example at
least 10 mm, such as at least 15 mm. In embodiments of the invention, the length of the
conical section in the axial direction is at most 35 mm, for example at most 30 mm, for

example at most 25 mm, such as at most 20 mm, such as at most 15 mm.

In embodiments of the invention, the body has a cylindrical section extending in the axial
direction from the proximal end and terminating at the conical section. In embodiments of
the invention, the outer diameter along the cylindrical section is at least 0.70 mm, for
example at least 0.80 mm, for example at least 0.90 mm, such as at least 1.0 mm.

In embodiments of the invention, the outer diameter is constant along the cylindrical section.
In embodiments of the invention, the cross-section of the body transverse to the axial
direction is constant along the cylindrical section.

The cross-section of the body in the cylindrical section is not necessarily circular, but in
contrast to along the conical section, the outer diameter or the cross-section may be constant
along the cylindrical section.

In embodiments of the invention, the body has a spherically rounded tip at the distal end. In
embodiments of the invention, the spherically rounded tip has a radius of at most 0.40 mm,

for example at most 0.35 mm, for example at most 0.30 mm, for example at most 0.25 mm,
for example at most 0.20 mm, such as at most 0.15 mm, such as at most 0.10 mm.

In embodiments of the invention, the body is, at least partly, of a flexible material, the
flexible material having an elastic modulus of at most 20 GPa, for example at most 15 GPa,
for example at most 10 GPa, such as at most 5 GPa.

In embodiments of the invention, the at least two conduits are at least four conduits and the
at least two distal openings are at least four distal openings, wherein each of the at least four
conduits terminate at a separate opening of the at least four distal openings, wherein the at
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least four conduits comprise a central conduit and at least three circumferential conduits,
wherein the central conduit is circumferentially surrounded by the at least three
circumferential conduits, wherein the central conduit terminates at the distal end of the body
and at least some of the at least three circumferential conduits terminate along the conical
section and are displaced along the axial direction from the distal opening of the central
conduit at the distal end.

A second aspect of the invention relates to a method of irrigating a root canal comprising
inserting a cannula according to this disclosure into the root canal and exchanging a flushing
liqguid between the proximal opening and the root canal via at least one of the at least two
separate conduits.

By using at least one of at least two separate conduits of a cannula to flush a root canal, the
distribution of pressure and liquid flow within the root canal may be improved, for example in
relation to clogging of the root canal and/or of a proximal opening of the cannula.

In embodiments of the invention, the liquid is flushed from the proximal end to the distal end
and into the root canal via one of the at least two conduits and flushed from the root canal to
the proximal end via another of the at least two conduits.

In embodiments of the invention, the at least two separate conduits and the at least two
distal openings are applied for establishing different pressure at two axially offset locations in
the root canal.

In embodiments of the invention, one of the at least two separate conduits is used for
continuing irrigation while another of the at least two separate conduits is clogged.

A third aspect of the invention relates to a dental irrigation system comprising a cannula
according to this disclosure, and a connector attached to the proximal end of the cannula and
configured to fluidly couple the cannula to a source of fluid.

A fourth aspect of the invention relates to a method of manufacturing a cannula for a dental
irrigation system, such as the cannula according to the first aspect or the fifth aspect, the

method comprising the steps of:

producing a cannula preform extending in an axial direction;
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pulling the cannula preform in said axial direction to elongate a length of the cannula preform
in the axial direction and to shrink a diameter of the cannula preform perpendicularly to the
axial direction, thereby producing a cannula fibre having an outer diameter of at least 0.20
mm, for example at least 0.25 mm, such as at least 0.30 mm, for example at least 0.70 mm,
for example at least 0.80 mm, for example at least 0.90 mm, such as at least 1.0 mm; and

cutting the cannula fibre perpendicularly to the axial direction to provide the cannula with a
cannula length in the axial direction of at most 30 mm, for example at most 25 mm, such as

at most 20 mm.

By adopting a methodology of producing a preform and pulling the preform to produce a fibre
which is then cut to the cannula, a large number of cannulas with a complex geometry and
composition of materials may be efficiently manufactured.

Very long, uniform objects may previously have been produced e.g. by pulling a preform
which e.g. via a so-called draw tower, in which an end of the preform is heated, allowing the
object to be pulled from the preform. This process is until now carried out in an entirely
different field, typically for producing very long industrial products having a circular,
cylindrical shape.

On the contrary, the present invention provides a method of making very short cannulas for
dental irrigation systems, particularly cannulas with complex geometry as disclosed herein,
and particularly short cannulas having a non-circular cross-section and typically with an outer
diameter which is relatively large compared to typical pultruded objects.

In embodiments of the invention, the cannula preform is produced by additive

manufacturing.

Alternatively, the cannula preform may be produced via moulding such as injection moulding,
casting, milling, extrusion, or pultrusion. However, additive manufacturing, e.g., 3D printing,
is preferable, since it permits a large degree of control of geometry and potentially
distribution of separate materials.

Generally, additive manufacturing is counterintuitive to adopt in manufacturing, since it is a
relatively slow method of shaping an object in comparison with, e.g., moulding. However,
since the production of a single preform may potentially result in many thousands of

cannulas, additive manufacturing surprisingly becomes viable.
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Further, it is counterintuitive to combine additive manufacturing with fibre pulling, since
optical fibres require near-perfect geometry, which is difficult to obtain by conventional
additive manufacturing. However, cannulas for dental irrigation systems have lower
requirements to geometry than optical fibres, and hence it is viable to employ additive

manufacturing.

A cannula preform may for example have an outer diameter of 25 mm to 100 mm before
being pulled.

In embodiments of the invention, the cannula preform is produced with a cannula preform
body of a flexible material and a rigid material deposited in the flexible material as elongated
strands extending in the axial direction.

Additive manufacturing may, for example, be adopted to provide the separate materials.

In embodiments of the invention, the step of pulling the cannula preform is performed using
a draw tower, such as a draw tower for drawing optical fibres.

In embodiments of the invention, the method comprises a step of slantly removing material
at a distal end of the cannula to establish at least one tapered surface being non-
perpendicular to the axial direction, wherein at least one distal opening of a separate conduit
of the cannula is located at the at least one tapered surface.

In embodiments of the invention, the method comprises a step of slantly removing material
at a distal end of the cannula to establish a circumferentially tapered shape having a
narrowed end at the termination of the distal end,

Material may for example be slantly removed by performing a slant cut, or by grinding at a
slant/oblique angle.

In embodiments of the invention, the circumferentially tapered shape defines a conical
section of the dental cannula, the conical section terminating at the distal end such that the
outer diameter of the body decreases along the axial direction towards the distal end.

In embodiments of the invention, the method comprises a step of slantly removing material
at a distal end of the cannula to establish a spherically rounded tip.
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A spherically rounded tip may for example be established by grinding using an appropriate
tool.

In embodiments of the invention, the cannula comprises a body extending in the axial
direction between a proximal end and a distal end, and comprising at least one separate
conduit extending in the axial direction between at least one proximal opening and at least
one distal opening such that each of the at least one separate opening terminates at a
separate opening of the at least one distal opening.

As a part of manufacturing the cannula, the cannula may further be attached to a connector.
The cannula may be attached by adhesion to the connector, or by insert moulding of the

connector

A fifth aspect of the invention relates to a cannula for a dental irrigation system and
comprising a body, at least one conduit extending between a proximal opening and a distal
opening of the body, where the body has a non-circular cross section.

Preferably, the conduit extends in an axial direction between the proximal opening and the
distal opening. Preferably, the body has a non-circular cross section transverse to the axial
direction. Generally, a non-circular cross section may refer to an outer contour, which may,
e.g., consist of two or more circular arcs joined at end points to form outer indentations at

the end points.

Thus, embodiments may have a non-circular cross-section without necessarily having
separate conduits terminating at separate openings.

Such cannulas comprising a body having a non-circular cross section may thereby improve
backflow, or at least reduce the risk of clogging the root canal, during endodontic therapy.

In such embodiments, the body may define a non-circular section having the non-circular
cross section. The non-circular section may extend at least from the distal end and at least
50 percent, for example 100 percent, of the distance between the proximal end and the distal
end. The non-circular cross section may have a roundness of at most 0.9, for example at
most 0.8, for example at most 0.7, for example at most 0.6, such as at most 0.5. The non-
circular cross section may have a circularity of at most 0.9, for example at most 0.8, for
example at most 0.7, for example at most 0.6, such as at most 0.5. The non-circular cross
section may optionally comprise one or more outer indentations extending in the axial
direction in the non-circular section, these one or more outer indentations having a radial

depth of at least 0.05 of a maximal cross-sectional diameter of the cannula in the non-
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circular section, for example at least 0.1, for example at least 0.15, for example at least 0.2,
such as at least 0.25 of the maximal cross-sectional diameter.

The aspect of having a cannula with a non-circular cross section shares a common concept
with the aspect of having a cannula with separate conduits terminating at separate openings.
Namely, both a non-circular cross section and separate conduits may be used to facilitate
backflow.

A sixth aspect of the invention relates to a dental irrigation system for use in endodontic
therapy, the dental irrigation system comprising a cannula according to the first aspect or the
fifth aspect, a connector attached to the proximal end of the cannula, and a source of fluid
fluidly coupled to the cannula via the connector.

Thereby, the dental irrigation system may provide an active agent or ingredient in the form
of a flushing liquid from the source of fluid. The flushing fluid may for example be a
chemically active irrigant. The flushing fluid may be at least partly consumed when using the
system. The dental irrigation system may provide improved chemical treatment of a root
canal, for example due to improved flushing of the fluid, pressure of the fluid, distribution of
the fluid, or any combination thereof.

Cannulas according to the present disclosure are small and thereby difficult to sterilize. Yet,
they may also be relatively cheap to mass-produce. Thereby, a dental irrigation system may
advantageously be sterilized by disposing a contaminated cannula, i.e., a first cannula, and
simply attaching a new cannula, i.e., a second cannula, to the dental irrigation system.
Sterilization of the dental irrigation system may further involve steps directed at sterilizing
other parts of the dental irrigation system, but at least the cannula is sterilized by
replacement.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be further described by reference to the

accompanying drawings, in which:

Fig. 1a-b illustrate a cannula according to an embodiment of the invention with separate

conduits;

Fig. 2a-b illustrate a cannula according to another embodiment of the invention where the
body of the cannula has a non-circular cross section;
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Fig. 3 illustrates a dental irrigation system according to an embodiment of the invention;

Fig. 4 illustrates an example of a cannula according to an embodiment inserted into a root

canal;

Fig. 5 illustrates an example of another cannula according to an embodiment inserted into a

root canal;

Fig. 6a-b illustrate an embodiment of the invention comprising three conduits and its non-

circular cross section;

Fig. 7 illustrates a cross section of an embodiment with a rigid material deposited in flexible
material as elongated strands extending in the axial direction,

Fig. 8 illustrates a flow chart of method steps of irrigating a root canal according to an

embodiment of the invention;

Fig. 9 illustrates a flow chart of method steps of manufacturing a cannula for a dental

irrigation system according to an embodiment of the invention,

Fig. 10 illustrates an additional embodiment of the invention,

Fig. 11a-b illustrate another embodiment of the invention comprising a central conduit and
circumferential conduits terminating at a tapered face of a circumferentially tapered shape,

Fig. 12 illustrates a cross section of another embodiment with a central conduit and

circumferential conduits,

Fig. 13 schematically illustrates dimensions of a cannula according to embodiments of the

invention, and

Fig. 14a-d illustrate two exemplary cannulas attached to connectors.

DETAILED DESCRIPTION

Fig. 1a-b illustrate a cannula 1 according to an embodiment of the invention with separate
conduits 7a-b. Fig. 1a illustrates a perspective view and Fig. 1b illustrates a cross-sectional
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view of the cannula 3. In the perspective view of Fig. 1a, a cross-sectional plane is drawn
with reference to Fig. 1b, indicating the plane of the cross-section illustrated in Fig. 1b.

The cannula 1 comprises a body 3 of a flexible material, namely a polymer material, which
provides the cannula 1 with the elastic flexibility required for unproblematic insertion into a
root canal of a tooth.

As illustrated in Fig. 1a, the body 3 of the cannula 1 extends in an axial direction 4, the axial
direction 4 being indicated by an arrow in the figure. The axial direction 4 lies between the
two outer ends of the cannula 1, referred to as the proximal end 5 and the distal end 6.

As illustrated in other figures of other embodiments, the body 3 of the cannula 1 can curve
slightly. The cannula 1 may be manufactured with such a curvature, or the curvature may
arise from elastically bending the cannula, for example due to insertion of the cannula into a
root canal. Typically, the axial direction 4 may be substantially the same as a flow direction

within the cannula 1.

The distal end 6 is intended to be inserted into a root canal, whereas the proximal end 5 is
intended to be connected to a connector. This connector may then facilitate a fluid connection
between a source of fluid and the cannula 1 and its conduits 7a-b.

The cannula 1 comprises two separate conduits 7a-b which each extend in the axial direction
within the body 3 of the cannula. They have a collective proximal opening 8 at the proximal

end 5 of the body 3, and separate distal openings 9a-b at the distal end 6 of the body. Each

of the two separate conduits 7a-b terminate at a separate opening of the two separate distal
openings 9a-b. In other words, a first conduit 7a terminate at a first distal opening 9a and a
second conduit 7b terminate at a second distal opening 9b.

The distal openings 9a-b are displaced in the axial direction relatively to each other. The first
distal opening 9a is located at the outermost end of the body 3 and outermost end of the
distal end 6, i.e., located where the body 3 and the distal end 6 terminate in the axial
direction 4 away from the proximal end 5. The second distal opening 9b is displaced in the
axial direction 4 relatively to the first distal opening 9a.

In this embodiment, the cross section of the cannula 1 between the proximal end 5 and the
two distal openings 9a-b has an outer circular shape as illustrated in Fig. 1b. This outer
circular shape is internally segmented into two internal regions 15a-b of substantially similar
size and shape by an internal wall 16. This internal wall corresponds to a diameter line of the
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outer circular shape. The two internal regions 15a-b of the cross section correspond to cross-
sectional cutouts of the two respective separate conduits 7a-b.

In this embodiment, a thickness of the inner wall and the outer circular shape of the body 3
is 0.1 mm and an outer diameter of the cannula is 0.6 mm. The cannula has a length of 20
mm, and the distal openings are displaced relative to each other in the axial direction by 2

mm.

This embodiment can thereby provide improved distribution of pressure and liquid within the
root canal of a tooth during endodontic therapy.

Fig. 2a-b illustrate a cannula 1 according to another embodiment of the invention where the
body 3 of the cannula 1 has a non-circular cross section. Fig. 2a illustrates a perspective view
and Fig. 2b illustrates a cross-sectional view of the cannula 3. Again, in the perspective view
of Fig. 2a, a cross-sectional plane is drawn, now with reference to Fig. 2b, indicating the
plane of the cross-section illustrated in Fig. 2b.

In contrast to the cannula illustrated in Fig. la-b, the cannula illustrated in Fig. 2a-b has a
single conduit 7a extending between a proximal opening 5 and a distal opening 9a of the
body 3.

In this embodiment, the body 3 is shaped such that the cross section of the body 3 consists
of two circular arcs which are joined at the end points of the circular arcs. Each of the circular
arcs correspond to approximately 270 degrees of a full circle. As a result, the body 3 forms
two outer indentations 17a-b extending in the axial direction 4 along the intersections of the
circular arcs. These outer indentations 17a-b have a radial depth of approximately 0.1 of the
cross-sectional diameter of the cannula 1 along its greatest width within the relevant cross-
section (horizontal direction in the illustration of Fig. 2b).

The non-circular cross section defined by the body further has a roundness below 0.9 and a
circularity below 0.9.

As a result of the non-circular cross section, pathways for backflow of fluid when the cannula
is inserted in a root canal are provided via the outer indentations 17a-b.

Fig. 3 illustrates a dental irrigation system 2 according to an embodiment of the invention.
The dental irrigation system 2 comprises a cannula according to the embodiment illustrated
in Fig. 1a-b. However, dental irrigation systems according to the invention are not restricted
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to cannulas as the one illustrated in Fig. 1a-b, and may, for example, have a cannula as the
one illustrated in Fig. 2a-b.

The dental irrigation 2 system comprises a connector 10 attached to the proximal end of the
cannula 1 and configured to fluidly couple the cannula 1 to a source of fluid 11. In this
embodiment, the conduits are collectively fluidly coupled via a single proximal opening at the
proximal end to the source of fluid 11 via the connector 10. In other embodiments, separate
subgroups of conduits are separately connected to a source of fluid configured to supply
different fluid pressures to the separate subgroups. For example, a source of fluid may
provide a first pressure to a first conduit, and a second pressure to a second conduit. Or a
source of fluid may provide a first pressure to a first conduit, and no pressure to a second
conduit, for example to permit backflow via the second conduit. In embodiments where the
same fluid pressure is not applied to separate subgroups of conduits, the connector 10 may
also have separate fluid paths for separately coupling the separate conduits to the source of
fluid 11.

Fig. 4 illustrates an example of a cannula 1 according to an embodiment inserted into a root
canal. The figure shows a cross-sectional side view along the axial direction of the body 3 (in
contrast to the cross-sectional views of Fig. 1b and 2b, which are perpendicular to the axial
direction). The cannula 3 corresponds to the embodiment illustrated in Fig. 1a-b. Water flow
in the cannula 1 is indicated by dashed arrows.

The figure illustrates the outer tooth dentin 12 which outlines the inner root canal in which
the cannula 3 is at least partly inserted, for example to conduct endodontic therapy. Towards
the bottom of the root canal, the tooth dentin 12 narrows in a tooth apex 14, thereby
defining the bottom of the root canal.

In this illustration, the root canal has become clogged by debris 13 loosened during the
endodontic therapy. In such a situation, use of a conventional cannula 3 with only a single
distal opening to flush liquid would result a high risk of apical extrusion, in which liquid is
forced out through the apex into the underlying bone, potentially transferring harmful
bacteria thereto.

However, by having separate conduits 7a-b terminating at separate openings 9a-b displaced
relative to each other in the axial direction as provided in the illustrated embodiment, one
distal opening 9b is located on the other side of the debris 13 clogging the root canal. Since
fluid cannot leave the region between the debris 13 and the tooth apex 14, the water
pressure at the distal opening 9a located in this region will increase slightly, causing the
water flow injected at a proximal opening of the cannula 3 to be redistributed among the
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conduits 7a-b. As a result, the fluid flow at the distal opening 9a located between the debris
13 and the tooth apex 14 is reduced, whereas fluid flow at the other distal opening 9b is
increased. This redistribution of water flow reduces the risk of apical extrusion in comparison

with scenarios in which conventional cannulas 1 are used.

Fig. 5 illustrates an example of another cannula 1 according to an embodiment inserted into
a root canal. As for Fig. 4, the figure shows a cross-sectional side view along the axial
direction of the body 3 and water flow in the cannula is indicated by arrows.

In contrast to the scenario illustrated in Fig. 4, two distal openings 9a-b of separate conduits
7a-b are located between the debris 13 and the tooth apex 14. Further, inward fluid flow is
only provided via one of the conduits 7a, and hence, the other conduit 7b may facilitate
outward backflow of fluid. Accordingly, the risk of apical extrusion in comparison with

scenarios in which conventional cannulas 1 are used.

To rinse the region above the debris 13, the cannula can be moved slightly upwards, such
that the conduit providing fluid flow is able to rinse this region. Optionally, the illustrated
embodiment may comprise a third separate conduit terminating at a distal opening displaced
relatively to the two distal openings 9a-b, such that the distal opening of this third conduit is
located above the debris. Fluid flow can then be provided via both this third conduit as well
as one of the two conduits 7a-b having a distal opening 9a-b between the debris 13 and the

apex 14,

Figs. 6a-b illustrate an embodiment of the invention comprising three conduits and its non-
circular cross section. Fig. 6a illustrates an angled view of the distal end of the cannula 1,
and Fig. 6b illustrates a cross-sectional view of a part of the body 3 of the cannula 1 between
the distal end 6 and the proximal end. In addition, the non-circular cross section of the body
3 is illustrated relatively to a circular canal 19.

The embodiment illustrated in Fig. 6a-b features three separate conduits individually
terminating at three separate distal openings 9a-c. One conduit is a main conduit which has a
larger internal cross-sectional size than the other two conduits. The main conduit terminates
at the distal opening 9a located the outermost part of the distal end, i.e. the distal
termination of the distal end. Thereby, fluid flow through the cannula 1 is primarily provided
to the bottommost part of the root canal when using this cannula 1 in endodontic therapy.

Beside the main conduit terminating at a first distal opening 9a, the embodiment further
comprises a second conduit terminating at a second distal opening 9b and a third conduit
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terminating at a third distal opening 9c. All three distal openings 9a-c are displaced relatively
to each other in the axial direction.

In this embodiment, the body defines at tapered section comprising two tapered surfaces
18a-b, such that the second distal opening 9b is located at a first tapered surface 18a and
the third distal opening 9c is located at a second tapered surface 18b. Generally, the tapered
section provides a thinner tip permitting easier insertion of the cannula 1 into a root canal.
Moreover, the tapered openings 9b-c provided by the tapered surfaces 18a-b may provide
some radial directionality to fluid flow therefrom.

Further, implementation of tapered surfaces 18a-b to host distal openings 9b-c simplify
manufacturing. In particular, as an intermediate manufacturing step, a tentative precursor
cannula without tapered surfaces, i.e. with a substantially non-changing cross section
extending throughout the distal end. Then, by cutting the tapered surfaces, the distal
openings are displaced relatively to each other in the axial direction, thereby providing the
final cannula as illustrated.

Due to the tapered surfaces 18a-b, some of the distal openings 18a-b are elongated in the
axial direction. In some embodiments, distal openings may even overlap in the axial
direction. Distal openings may be considered as being displaced relative to each other if the
centres of the distal openings are displaced. Or alternatively, distal openings may be
considered as being displaced relative to each other if the distal openings begin or terminate
at different points in the axial direction.

In the cross-sectional view in Fig. 6b, the non-circular cross section of the body 3 is
displayed. Further, three internal regions 15a-c are shown, corresponding to the three
conduits terminating at the three distal openings 9a-c shown in Fig. 6a.

The cross-sectional view displays that, in this embodiment, the non-circular cross section has
a cross section defining a plurality of sectors of a circle. Namely, the non-circular cross
section corresponds to three sectors of a circle, or in other words, three circular sectors, each
hosting one of the three internal regions 15a-c, corresponding to one of the three conduits of
the cannula 1. That the non-circular cross-section has a cross section defining a plurality of
sectors of a circle is particularly evident by the outer cross-sectional shape which outlines

three circular arcs.

Note that one internal region 15a is larger, corresponding to the main conduit.
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Further, the non-circular cross section is illustrated relatively to a circular canal 19,
representing, for example, the cross section of a root canal. The body 3 is provided with
three outer indentations 17a-c, which each provide a potential backflow channel relatively to
the circular canal 19.

In this embodiment, each outer indentation 17a-c is located at an azimuthal angle between
two of the conduits, the azimuthal angle being evaluated from a central axis in the axial
direction. This provides an improved utilization of the limited space available in a root canal.

The circular canal 19 approximately corresponds to a circumscribed circle of the non-circular
cross section. Thereby, Fig. 6b further illustrates that the outer cross-sectional flow area is
larger than the inner cross-sectional flow area in this embodiment.

Fig. 7 illustrates a cross section of an embodiment with a rigid material deposited in flexible
material as elongated strands 20 extending in the axial direction.

The shape of the body 3 of the illustrated embodiment is substantially similar to the
embodiment illustrated in Fig. 6a-b. In comparison, the embodiment of Fig. 7 is additionally
characterised by a strands 20 being embedded in the flexible material of the body 3.

The flexible material of the body 3 is primarily composed of polypropylene. Within this body
3, a plurality of flexible strands 20 of rigid material is deposited. Each of the strands 20
extend in the same axial direction as the body 3. The material of the strands are based on
glycol-modified polyethylene terephthalate, also referred to as "PETG”.

The strands 20 are arranged such that each of the separate conduits (and the internal
regions 15a-c thereof) is encircled by strands 20, which ensures the desired properties of the
cannula with regards to flexibility and bending. In other words, the elongated strands 20 are
deposited around each of the three separate conduits.

Fig. 8 illustrates a flow chart of method steps of irrigating a root canal according to an

embodiment of the invention.

In a first step S11 of the method, a cannula according to this disclosure is inserted into a root
canal. This may, for example, be a cannula with separate conduits terminating at separate

distal openings, or a cannula with a non-circular cross section.
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In a next step S12, a flushing liquid is exchanged between the proximal opening of the
cannula and the root canal via a conduit of the cannula. Optionally, if the cannula comprises
separate conduits, the flushing liquid is flushed from the proximal end to the distal end of
cannula and into the root canal via one conduit and flushed from the root canal to the
proximal end via another conduit. Or the cannula, including the two separate conduits and
the two distal openings may be applied for establishing different pressure at two axially offset
locations in the root canal, for example establishing a first pressure at a first opening of the
two openings, and a second pressure a second opening of the two openings.

Fig. 9 illustrates a flow chart of method steps of manufacturing a cannula for a dental

irrigation system according to an embodiment of the invention.

In a first step S21 of the method, a cannula preform is produced. The cannula preform
extends in an axial direction. The preform may optionally be produced with a cannula
preform body of a flexible material and a rigid material deposited in the flexible material as
elongated strands extending in the axial direction.

In a next step S22, the cannula preform is pulled in the axial direction to elongate a length of
the cannula preform in the axial direction, and to shrink a diameter of the cannula preform
perpendicularly to the axial direction. Thereby, a cannula fibre having an outer diameter of at
least 0.2 mm is produced. In this example, the pulling is performed via draw tower also
suitable for drawing optical fibres. Thereby, well-known technology is utilized in a new

context, i.e., in manufacturing cannulas for a dental irrigation system.

In a next step S23, the cannula fibre is cut perpendicularly to the axial direction to provide
the cannula for a dental irrigation system. The cannula fibre is cut such that the cannula
length of the cannula in the axial direction of the cannula is at most 30 mm. Thereby, a
cannula, such as a cannula according to this disclosure, is manufactured. The axial direction

of the cannula preform is adopted by the cannula.

Typically, thousands of cannulas are cut from the same cannula prepreg, although the
invention is not restricted to a particular number of cannulas being cut from the same

cannula preform.

Optionally, the manufacturing method may comprise an additional step (not shown) of slantly
removing material at a distal end of the cannula to establish at least one tapered surface
being non-perpendicular to the axial direction. The material is removed such that at least one
distal opening of a separate conduit of the cannula is located at the at least one tapered
surface. An example of a cannula with such a tapered surface is illustrated in Fig. 6a.
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Fig. 10 illustrates an additional embodiment of the invention.

In comparison with the embodiment illustrated in Fig. 6a-b, the embodiment illustrated in
Fig. 10 has other relative cross-sectional sizes of the separate conduits, and hence also other
(relative) sizes of the distal openings 9a-c.

Moreover, the embodiment illustrated in Fig. 10 has a tapered surface 18a on which two
distal openings 9a-b are located. This reduces the risk that the cannula, particularly the
bottommost distal opening 9a, is clogged or blocked by contact with the bottom of the root

canal.

Fig. 11a-b illustrate another embodiment of the invention comprising a central conduit 21
and circumferential conduits 22 terminating at a tapered face 25 of a circumferentially
tapered shape 24. In particular, Fig. 11a illustrates an angled view of the distal end 6 of the
cannula 1, and Fig. 11b illustrates a cross-sectional view of a part of the body 3.

The embodiment illustrated in Fig. 6a-b has six conduits, namely a central conduit 21
circumferentially surrounded by five circumferential conduits 22. Correspondingly, the
embodiment has six distal openings 9, such that each of the conduits 21,22 terminates at a
separate distal opening 9.

Referring to the cross-sectional view of Fig. 11b, the central conduit 21 is centrally located in
the body 3, whereas the circumferential conduits 22 surrounds or encircles the central
conduit 21. Each of the circumferential conduits 22 forms a respective protruding structure
23 extending in an axial direction and protruding transversely from the central conduit 21
transverse to the axial direction of the body 3. Accordingly, a circumferential conduit 22 is
located inside each protruding structure 23. The gaps between the protruding structures 23
constitute outer indentations 17 which may facilitate backflow of liquid. In this particular
embodiment, each protruding structures 23 has an outer annular shape.

Fig. 11b further exhibits an exemplary distance 27 separating a circumferential conduit 22
from the central conduit 21. In comparison with an outer wall thickness 26 of a
circumferential conduit 22, the distance 27 separating a circumferential conduit 22 from the
central conduit 21 is at least twice as great. The outer wall thickness may for example be
evaluated is a thickness of the outermost wall of the circumferential conduit, for example

evaluated in a direction transverse to the axial direction.

Referring now to Fig. 11a, the embodiment is manufactured such that a distal end 6 of the
cannula 1 has a circumferentially tapered shape 24 having a narrowed end 28 at the
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termination of the distal end. In this specific embodiment, the circumferentially tapered
shape 24 is a conical shape, more specifically a conical frustum shape. In other
embodiments, the circumferentially tapered shape is a pyramidal frustum with a polygon
base.

The central conduit 21 terminates at the narrowed end 28 of the circumferentially tapered
shape 24 and each of the circumferential conduits 22 terminate at a tapered face 25 of the
circumferentially tapered shape 24. Accordingly, the conduits 21,22 are axially displaced
relative to each other.

The cross-sectional view of Fig. 11b is from a part of the cannula 1 which is not a part of the
circumferentially tapered shape.

Fig. 12 illustrates a cross section of another embodiment with a central conduit 21 and
circumferential conduits 22. In comparison with the cross-sectional view provided in Fig. 11b,
the embodiment of Fig. 12 has a different cross-sectional shape, different cross-sectional
area sizes and shapes of the conduits 21,22, and different distance separating circumferential
conduit 22 from the central conduit 21. In this embodiment, each of the protruding structures
23 has a pointed shape.

Fig. 13 schematically illustrates dimensions of a cannula 1 according to embodiments of the

invention.

The cannula 1 comprises a body 3 extending in an axial direction 4 between a proximal end 5
and a distal end 6. It may comprise one conduit and a non-circular cross section, or it may

comprise several conduits.

The body 3 has a length 32 along the axial direction 4 from the proximal end 5 to the distal
end 6. In this example, the length 32 is 35 mm.

The body 3 further has an outer diameter 33 transverse to the axial direction 4. This outer
diameter 33 is not constant along the axial direction 4. Even though the outer diameter 33
varies, it does not exceed 1.20 mm at any point along the axial direction. Accordingly, the
outer diameter transverse to the axial direction is at most 1.20 mm. Given these dimensions,
the cannula is suitable for insertion into a root canal of a human permanent tooth in relation
to endodontic therapy.

Along the axial direction 4, the body 3 has a cylindrical section 30 and a conical section 29.
The cylindrical section 30 extends along the axial direction 4 from the proximal end 5 to the
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conical section 29, and the conical section 29 extends along the axial direction 4 from the
cylindrical section 30 to the distal end 6.

In the cylindrical section 30, the body 3 has a constant cross-section transverse to the axial
direction 4. That is, the cross-section transverse to the axial direction 4 at one point is the
same as the cross-section transverse to the axial direction 4 at another point.

In the conical section 29, the outer diameter 33 decreases towards the distal end 6. The
conical section 29 has a length along the axial direction of 20 mm.

At the distal end 6, the cannula has a spherically rounded tip 31. This tip 31 has a radius 34
of 0.3 mm. Since this spherically rounded tip 31 has an extension which is at less than a third
of the length of the conical section 29 along the axial direction 4, the spherically rounded tip
31 can duly be considered as part of the conical section 29. In some examples, the
spherically rounded tip 31 has an extension which is less than a fourth, for example less than
a fifth, such as less than a sixth of the length of the conical section along the axial direction.
The extension of the spherically rounded tip 31 starts where the linear decrease in outer
diameter 33 of the conical section terminates (which is indicated by a horizontal dashed line
within the body 3 near the distal end 6) and ends at the outermost part of the distal end 6.

In case a cannula has a non-circular cross-section, the outer diameter may be measured
based on a smallest enclosing circle containing all parts of the cannula, and then using the
diameter of this circle.

Fig. 14a-d illustrate two exemplary cannulas 1 attached to connectors 10. Fig. 14a-b
illustrate a first exemplary cannula 1 as a halftone image and a schematic drawing, and Fig.
14c-d illustrate a second exemplary cannula 1 as a halftone image and a schematic drawing.
The first exemplary canula 1 is attached to the connector 10 by insert moulding. The cannula
1 bends within the connector 10. The second exemplary cannular 1 is attached to the
connector 10 by use of an adhesive.

In this disclosure, various versions and elements of the invention have been exemplified for
the purpose of clarification rather than limitation. Well-known details of methods and systems
have been omitted to not obscure the content of the disclosure with redundancy. Various
elements and features of the invention and this disclosure may be combined in any way
possible within the scope of the claims.
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LIST OF NUMBERED EMBODIMENTS

1. A cannula for a dental irrigation system comprising a body extending in an axial direction
between a proximal end and a distal end, and comprising at least two separate conduits
extending in the axial direction between at least one proximal opening and at least two distal
openings such that each of the at least two separate conduits terminate(s) at a separate
opening of the at least two distal openings.

2. The cannula according to embodiment 1, comprising at most one distal opening for each
separate conduit.

3. The cannula according to embodiment 1 or 2, wherein the distal openings are displaced
relative to each other in the axial direction.

4. The cannula according to any of the preceding embodiments, comprising no axially aligned
distal openings.

5. The cannula according to any of the preceding embodiments, wherein one of the at least
two distal openings is at the distal end of the body and another one of the at least two distal
openings is remote from the distal end.

6. The cannula according to any of the preceding embodiments, wherein the body defines a
tapered section comprising at least one tapered surface being non-perpendicular to the axial
direction, and at least one of the distal openings is located in the at least one tapered

surface.

7. The cannula according to embodiment 6, wherein the tapered section comprises at least
two tapered surfaces being non-perpendicular to the axial direction, and at least one of the at
least two distal openings is located in each of the at least two tapered surfaces.

8. The cannula according to any of the preceding embodiments, wherein the distal end
defines a plane transverse to the axial direction.

9. The cannula according to any of the preceding embodiments, wherein the conduits have
different cross sections.

10. The cannula according to embodiment 9, wherein at least two of the at least two conduits
have different cross-sectional size and shape.
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11. The cannula according to any of the preceding embodiments, wherein a main conduit of
the at least two conduits has a larger internal cross-sectional size than another conduit of the
at least two conduits, wherein the main conduit terminates at a distal opening of the at least
two distal openings closest to a distal termination of the distal end.

12. The cannula according to any of the preceding embodiments, wherein at least one of the
at least two conduits have a circular cross-sectional shape, and another of the at least two

conduits have a non-circular cross-sectional shape.

13. The cannula according to any of the preceding embodiments, wherein the proximal end

forms a connector for connection to a source of fluid.

14. The cannula according to any of the preceding embodiments, wherein the body is, at
least partly, of a flexible material.

15. The cannula according to embodiment 14, wherein the flexible material is glass or a
polymer material, such as polypropylene.

16. The cannula according to embodiment 14 or 15, wherein the body further comprises a
rigid material deposited in the flexible material as elongated strands extending in the axial
direction.

17. The cannula according to embodiment 16, wherein the rigid material comprises a glycol-
modified polyethylene terephthalate (PETG), a polycarbonate, or a cyclic olefin copolymer.

18. The cannula according to embodiment 16 or 17, wherein the elongated strands are
deposited around each of the at least two separate conduits.

19. The cannula according to any of the preceding embodiments, wherein the cannula has a
first flexural rigidity in a first bending direction perpendicular to the axial direction and a
second flexural rigidity in a second bending direction perpendicular to the axial direction and
the first bending direction, wherein the first flexural rigidity and the second flexural rigidity
are different.

20. The cannula according to any of the preceding embodiments, wherein the body defines a

non-circular section having a non-circular cross section.
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21. The cannula according to embodiment 20, wherein the non-circular section extends at
least from the distal end and at least 50 percent, for example 100 precent, of the distance
between the proximal end and the distal end.

22. The cannula according to embodiment 20 or 21, wherein the non-circular cross section
has a roundness of at most 0.9, for example at most 0.8, for example at most 0.7, for
example at most 0.6, such as at most 0.5.

23. The cannula according to any of embodiments 20 to 22, wherein the non-circular cross
section comprises one or more outer indentations extending in the axial direction in the non-
circular section, the one or more outer indentations having a radial depth of at least 0.05 of a
maximal cross-sectional diameter of the cannula in the non-circular section, for example at
least 0.1, for example at least 0.15, for example at least 0.2, such as at least 0.25 of the

maximal cross-sectional diameter.

24. The cannula according to any of embodiments 20 to 23, wherein the non-circular cross
section has an outer cross-sectional flow area between a cross-sectional perimeter of the
non-circular cross section and a circumscribed circle of the non-circular cross section, wherein
the non-circular cross-section has an inner cross-sectional flow area defined by the at least
two separate conduits, wherein the outer cross-sectional flow area is larger than the inner

cross-sectional flow area.

25. The cannula according to any of embodiments 20 to 24, wherein the non-circular section
has a cross section defining a plurality of sectors of a circle.

26. The cannula according to embodiment 25, wherein the sectors of a circle have different

radial size.

27. The cannula according to embodiment 25 or 26, comprising one conduit for each sector
of a circle.

28. The cannula according to any of the preceding embodiments, wherein the cannula has an
outer diameter from 0.2 mm to 1.5 mm, for example from 0.2 mm to 0.8 mm, for example

from 0.3 mm to 0.6 mm, such as from 0.35 mm to 0.5 mm.

29. The cannula according to any of the preceding embodiments, wherein the outer diameter
gradually changes from a proximal outer diameter at the proximal end to a distal outer
diameter at the distal end, wherein the proximal outer diameter is greater than the distal

outer diameter.
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30. The cannula according to any of the preceding embodiments, wherein the at least two
conduits are at least four conduits and the at least two distal openings are at least four distal
openings, wherein each of the at least four conduits terminate at a separate opening of the at
least four distal openings.

31. The cannula according to embodiment 30, wherein the at least four conduits comprise a
central conduit and at least three circumferential conduits, wherein the central conduit is
circumferentially surrounded by the at least three circumferential conduits.

32. The cannula according to embodiment 31, wherein each of the at least three
circumferential conduits forms a respective protruding structure extending in the axial

direction an protruding from the central conduit transverse to the axial direction.

33. The cannula according to any of embodiments 31 to 32, wherein distances separating the
at least three circumferential conduits from the central conduit are different.

34. The cannula according to any of embodiments 31 to 33, wherein at least one distance
separating the at least three circumferential conduits from the central conduit is greater than
an outer wall thickness of the at least three circumferential conduits by a factor of at least
two.

35. The cannula according to any of embodiments 31 to 34, wherein the central conduit
terminates at the distal end of the body and at least some of the at least three

circumferential conduits terminate remote from the distal end.

36. The cannula according to any of embodiments 31 to 35, wherein the distal end has a
circumferentially tapered shape having a narrowed end at the termination of the distal end.

37. The cannula according to embodiment 36, wherein the central conduit terminates at the
narrowed end of the circumferentially tapered shape and each of the at least three
circumferential conduits terminate in a tapered face of the circumferentially tapered shape.

38. The cannula according to any of the preceding embodiments, wherein the body has a
length of at least 10 mm in the axial direction, for example at least 12 mm, for example at
least 14 mm, for example at least 16 mm, for example at least 18 mm, such as at least 20
mm.
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39. The cannula according to any of the preceding embodiments, wherein the body has an
outer diameter transverse to the axial direction of at most 1.50 mm, for example at most
1.40 mm, for example at most 1.30 mm, for example at most 1.20 mm, such as at most

1.10 mm.

40. The cannula according to any of the preceding embodiments, wherein the body has a
length of at least 10 mm in the axial direction and an outer diameter transverse to the axial
direction of at most 1.50 mm for insertion of the dental cannula into a root canal of a human
permanent tooth.

41. The cannula according to any of embodiments 38-40, wherein the length of the body is at
most 60 mm, for example at most 50 mm, for example at most 40 mm, such as at most 30

mm.

42. The cannula according to any of the preceding embodiments, wherein a distal portion of
the dental cannula has a bending moment of at most 12 mNmm, for example at most 9.0

mNmm, for example at most 6.0 mNmm, such as at most 4.0 mNmm.

43. The cannula according to embodiment 42, wherein the distal portion of the dental
cannula is the portion of the body starting from the distal end and extending 7.0 mm in the

axial direction towards the proximal end.

44, The cannula according to any of embodiments 38-43, wherein the body has a conical
section terminating at the distal end such that the outer diameter of the body decreases
along the axial direction towards the distal end.

45, The cannula according to any of embodiments 38-44, wherein the outer diameter at the
distal end is at most 0.60 mm, for example at most 0.50 mm, for example at most 0.40 mm,
such as at most 0.30 mm.

46. The cannula according to any of embodiments 44-45, wherein the length of the conical
section in the axial direction is at least 1.0 mm, for example at least 2.0 mm, for example at
least 5.0 mm, for example at least 10 mm, such as at least 15 mm.

47. The cannula according to any of embodiments 44-46, wherein the length of the conical
section in the axial direction is at most 35 mm, for example at most 30 mm, for example at

most 25 mm, such as at most 20 mm, such as at most 15 mm.



10

15

20

25

30

WO 2024/002905 PCT/EP2023/067175

36

48. The cannula according to any of embodiments 44-47, wherein the body has a cylindrical
section extending in the axial direction from the proximal end and terminating at the conical
section.

49, The cannula according to embodiment 48, wherein the outer diameter along the
cylindrical section is at least 0.70 mm, for example at least 0.80 mm, for example at least
0.90 mm, such as at least 1.0 mm.

50. The cannula according to any of embodiments 48-49, wherein the outer diameter is
constant along the cylindrical section.

51. The cannula according to any of embodiments 48-50, wherein the cross-section of the
body transverse to the axial direction is constant along the cylindrical section.

52, The cannula according to any of the preceding embodiments, wherein the body has a
spherically rounded tip at the distal end.

53, The cannula according to embodiment 52, wherein the spherically rounded tip has a
radius of at most 0.40 mm, for example at most 0.35 mm, for example at most 0.30 mm, for
example at most 0.25 mm, for example at most 0.20 mm, such as at most 0.15 mm, such as
at most 0.10 mm.

54. The cannula according to any of the preceding embodiments, wherein the body is, at
least partly, of a flexible material, the flexible material having an elastic modulus of at most
20 GPa, for example at most 15 GPa, for example at most 10 GPa, such as at most 5 GPa.

55. The cannula according to any of the preceding embodiments, wherein the at least two
conduits are at least four conduits and the at least two distal openings are at least four distal
openings, wherein each of the at least four conduits terminate at a separate opening of the at
least four distal openings, wherein the at least four conduits comprise a central conduit and
at least three circumferential conduits, wherein the central conduit is circumferentially
surrounded by the at least three circumferential conduits, wherein the central conduit
terminates at the distal end of the body and at least some of the at least three
circumferential conduits terminate along the conical section and are displaced along the axial
direction from the distal opening of the central conduit at the distal end.

56. A method of irrigating a root canal comprising inserting a cannula according to any of the
preceding embodiments into the root canal and exchanging a flushing liquid between the
proximal opening and the root canal via at least one of the at least two separate conduits.
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57. The method according to embodiment 56, wherein the liquid is flushed from the proximal
end to the distal end and into the root canal via one of the at least two conduits and flushed
from the root canal to the proximal end via another of the at least two conduits.

58. The method according to embodiment 56 or 57, wherein the at least two separate
conduits and the at least two distal openings are applied for establishing different pressure at
two axially offset locations in the root canal.

59. The method according to any of embodiments 56-58, wherein one of the at least two
separate conduits is used for continuing irrigation while another of the at least two separate
conduits is clogged.

60. A dental irrigation system comprising a cannula according to any of the embodiments 1-
55 or any of embodiments 71-89, and a connector attached to the proximal end of the
cannula and configured to fluidly couple the cannula to a source of fluid.

61. A method of manufacturing a cannula for a dental irrigation system, such as the cannula
according to any of embodiments 1-55 or any of embodiments 71-89, the method comprising

the steps of:

producing a cannula preform extending in an axial direction;

pulling the cannula preform in said axial direction to elongate a length of the
cannula preform in the axial direction and to shrink a diameter of the cannula
preform perpendicularly to the axial direction, thereby producing a cannula fibre
having an outer diameter of at least 0.20 mm, for example at least 0.25 mm,
such as at least 0.30 mm; and

cutting the cannula fibre perpendicularly to the axial direction to provide the
cannula with a cannula length in the axial direction of at most 40 mm, for
example at most 35 mm, for example at most 30 mm, for example at most 25

mm, such as at most 20 mm.

62. A method according to embodiment 61, wherein the outer diameter of the cannula fibre
produced by the step of pulling the cannula preform is at least 0.70 mm, for example at least
0.80 mm, for example at least 0.90 mm, such as at least 1.0 mm.
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63. A method according to embodiment 61 or 62, wherein the cannula preform is produced
by additive manufacturing.

64. A method according to any of embodiments 61-63, wherein the cannula preform is
produced with a cannula preform body of a flexible material and a rigid material deposited in
the flexible material as elongated strands extending in the axial direction.

65. A method according to any of embodiments 61-64, wherein the step of pulling the
cannula preform is performed using a draw tower, such as a draw tower for drawing optical
fibres.

66. A method according to any of embodiments 61-65, wherein the method comprises a step
of slantly removing material at a distal end of the cannula to establish at least one tapered
surface being non-perpendicular to the axial direction, wherein at least one distal opening of
a separate conduit of the cannula is located at the at least one tapered surface.

67. A method according to any of embodiments 61-66, wherein the method comprises a step
of slantly removing material at a distal end of the cannula to establish a circumferentially
tapered shape having a narrowed end at the termination of the distal end.

68. A method according to any of embodiments 61-67, wherein the circumferentially tapered
shape defines a conical section of the dental cannula, the conical section terminating at the
distal end such that the outer diameter of the body decreases along the axial direction
towards the distal end.

69. A method according to any of embodiments 61-68, wherein the method comprises a step
of slantly removing material at a distal end of the cannula to establish a spherically rounded

tip.

70. A method according to any of embodiments 61-69, wherein the cannula comprises a
body extending in the axial direction between a proximal end and a distal end, and
comprising at least one separate conduit extending in the axial direction between at least one
proximal opening and at least one distal opening such that each of the at least one separate
opening terminates at a separate opening of the at least one distal opening.

71. A cannula for a dental irrigation system and comprising a body, at least one conduit
extending between a proximal opening and a distal opening of the body, wherein the body
has a non-circular cross section.
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72. The cannula according to embodiment 71, wherein the non-circular cross section has a
roundness of at most 0.9, for example at most 0.8, for example at most 0.7, for example at
most 0.6, such as at most 0.5.

73. The cannula according to any of embodiments 71-72, wherein the non-circular cross
section comprises one or more outer indentations extending in the axial direction in the non-
circular section, the one or more outer indentations having a radial depth of at least 0.05 of a
maximal cross-sectional diameter of the cannula in the non-circular section, for example at
least 0.1, for example at least 0.15, for example at least 0.2, such as at least 0.25 of the

maximal cross-sectional diameter.

74. The cannula according to any of embodiments 71-73, wherein the body has a length of at
least 10 mm in the axial direction, for example at least 12 mm, for example at least 14 mm,
for example at least 16 mm, for example at least 18 mm, such as at least 20 mm.

75. The cannula according to any of embodiments 71-74, wherein the body has an outer
diameter transverse to the axial direction of at most 1.50 mm, for example at most 1.40
mm, for example at most 1.30 mm, for example at most 1.20 mm, such as at most 1.10

mm.

76. The cannula according to any of embodiments 71-75, wherein the body has a length of at
least 10 mm in the axial direction and an outer diameter transverse to the axial direction of
at most 1.50 mm for insertion of the dental cannula into a root canal of a human permanent
tooth.

77. The cannula according to any of embodiments 71-76, the length of the body is at most

60 mm, for example at most 50 mm, for example at most 40 mm, such as at most 30 mm.

78. The cannula according to any of embodiments 71-77, wherein a distal portion of the
dental cannula has a bending moment of at most 12 mNmm, for example at most 9.0

mNmm, for example at most 6.0 mNmm, such as at most 4.0 mNmm.

79. The cannula according to embodiment 78, wherein the distal portion of the dental
cannula is the portion of the body starting from the distal end and extending 7.0 mm in the

axial direction towards the proximal end.

80. The cannula according to any of embodiments 71-79, wherein the body has a conical
section terminating at the distal end such that the outer diameter of the body decreases
along the axial direction towards the distal end.
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81. The cannula according to any of embodiments 71-80, wherein the outer diameter at the
distal end is at most 0.60 mm, for example at most 0.50 mm, for example at most 0.40 mm,
such as at most 0.30 mm.

82. The cannula according to any of embodiments 80-81, wherein the length of the conical
section in the axial direction is at least 1.0 mm, for example at least 2.0 mm, for example at
least 5.0 mm, for example at least 10 mm, such as at least 15 mm.

83. The cannula according to any of embodiments 80-82, wherein the length of the conical
section in the axial direction is at most 35 mm, for example at most 30 mm, for example at

most 25 mm, such as at most 20 mm, such as at most 15 mm.

84. The cannula according to any of embodiments 80-83, wherein the body has a cylindrical
section extending in the axial direction from the proximal end and terminating at the conical

section.

85. The cannula according to embodiment 84, wherein the outer diameter along the
cylindrical section is at least 0.70 mm, for example at least 0.80 mm, for example at least
0.90 mm, such as at least 1.0 mm.

86. The cannula according to any of embodiments 84-85, wherein the outer diameter is
constant along the cylindrical section.

87. The cannula according to any of embodiments 84-86, wherein the cross-section of the
body transverse to the axial direction is constant along the cylindrical section.

88. The cannula according to any of embodiments 71-87, wherein the body has a spherically
rounded tip at the distal end.

89. The cannula according to embodiment 88, wherein the spherically rounded tip has a
radius of at most 0.40 mm, for example at most 0.35 mm, for example at most 0.30 mm, for
example at most 0.25 mm, for example at most 0.20 mm, such as at most 0.15 mm, such as
at most 0.10 mm.

90. A dental irrigation system for use in endodontic therapy, the dental irrigation system
comprising a cannula according to any of embodiments 1-55 or any of embodiments 71-89, a
connector attached to the proximal end of the cannula, and a source of fluid fluidly coupled to

the cannula via the connector.
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CLAIMS

1. A cannula for a dental irrigation system comprising a body extending in an axial direction
between a proximal end and a distal end, and comprising at least two separate conduits
extending in the axial direction between at least one proximal opening and at least two distal
openings such that each of the at least two separate conduits terminate at a separate
opening of the at least two distal openings, wherein the body has a length of at least 10 mm
in the axial direction and an outer diameter transverse to the axial direction of at most 1.50

mm for insertion of the dental cannula into a root canal of a human permanent tooth.

2. The cannula according to claim 1, wherein a distal portion of the dental cannula has a
bending moment of at most 12 mNmm, for example at most 9.0 mNmm, for example at

most 6.0 mNmm, such as at most 4.0 mNmm;

wherein the distal portion of the dental cannula is the portion of the body starting from the
distal end and extending 7.0 mm in the axial direction towards the proximal end.

3. The cannula according to any of the preceding claims, wherein the body has a conical
section terminating at the distal end such that the outer diameter of the body decreases
along the axial direction towards the distal end.

4. The cannula according to any of the preceding claims, wherein the outer diameter at the
distal end is at most 0.60 mm, for example at most 0.50 mm, for example at most 0.40 mm,
such as at most 0.30 mm.

5. The cannula according to any of the preceding claims, comprising at most one distal
opening for each separate conduit.

6. The cannula according to any of the preceding claim, wherein the distal openings are
displaced relative to each other in the axial direction.

7. The cannula according to any of the preceding claims, wherein one of the at least two
distal openings is at the distal end of the body and another one of the at least two distal
openings is remote from the distal end.

8. The cannula according to any of the preceding claims, wherein the body defines a tapered
section comprising at least one tapered surface being non-perpendicular to the axial



10

15

20

25

30

WO 2024/002905 PCT/EP2023/067175

42

direction, and at least one of the distal openings is located in the at least one tapered

surface.

9. The cannula according to claim 8, wherein the tapered section comprises at least two
tapered surfaces being non-perpendicular to the axial direction, and at least one of the at
least two distal openings is located in each of the at least two tapered surfaces.

10. The cannula according to any of the preceding claims, wherein the conduits have
different cross sections.

11. The cannula according to claim 10, wherein at least two of the at least two conduits have
different cross-sectional size and shape.

12. The cannula according to any of the preceding claims, wherein a main conduit of the at
least two conduits has a larger internal cross-sectional size than another conduit of the at
least two conduits, wherein the main conduit terminates at a distal opening of the at least
two distal openings closest to a distal termination of the distal end.

13. The cannula according to any of the preceding claims, wherein the body is, at least
partly, of a flexible material, the flexible material having an elastic modulus of at most 20
GPa, for example at most 15 GPa, for example at most 10 GPa, such as at most 5 GPa.

14. The cannula according to claim 13, wherein the flexible material is glass or a polymer
material, such as polypropylene.

15. The cannula according to any of the preceding claims, wherein the at least two conduits
are at least four conduits and the at least two distal openings are at least four distal
openings, wherein each of the at least four conduits terminate at a separate opening of the at
least four distal openings, wherein the at least four conduits comprise a central conduit and
at least three circumferential conduits, wherein the central conduit is circumferentially
surrounded by the at least three circumferential conduits, wherein the central conduit
terminates at the distal end of the body and at least some of the at least three
circumferential conduits terminate along the conical section and are displaced along the axial
direction from the distal opening of the central conduit at the distal end.

16. A method of irrigating a root canal comprising inserting a cannula according to any of the
preceding claims into the root canal and exchanging a flushing liquid between the proximal
opening and the root canal via at least one of the at least two separate conduits.
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17. A dental irrigation system comprising a cannula according to any of claims 1-15, and a
connector attached to the proximal end of the cannula and configured to fluidly couple the
cannula to a source of fluid.

18. The dental irrigation system according to claim 17, comprising a syringe configured to
expel fluid from an outlet and wherein the connector provides a releasable or fixed coupling
between the cannula and the outlet such that all proximal openings are within the outlet.

19. A method of manufacturing a cannula for a dental irrigation system, such as the cannula
according to any of claims 1-15, the method comprising the steps of:

producing a cannula preform extending in an axial direction;

pulling the cannula preform in said axial direction to elongate a length of the
cannula preform in the axial direction and to shrink a diameter of the cannula
preform perpendicularly to the axial direction, thereby producing a cannula fibre
having an outer diameter of at least 0.70 mm, for example at least 0.80 mm,
for example at least 0.90 mm, such as at least 1.0 mm; and

cutting the cannula fibre perpendicularly to the axial direction to provide the
cannula with a cannula length in the axial direction of at most 30 mm, for

example at most 25 mm, such as at most 20 mm.

20. The method according to claim 19, wherein the method comprises a step of slantly
removing material at a distal end of the cannula to establish a conical section terminating at
the distal end of the cannula, such that the outer diameter of the body of the cannula
decreases along the axial direction towards the distal end.

21. A dental irrigation system for use in endodontic therapy, the dental irrigation system
comprising a cannula according to any of claims 1-15, a connector attached to the proximal
end of the cannula, and a source of fluid fluidly coupled to the cannula via the connector.

22. A cannula for a dental irrigation system and comprising a body, at least one conduit
extending in an axial direction between a proximal opening and a distal opening of the body,
wherein the body has a non-circular cross section, wherein the body has a length of at least
10 mm in the axial direction and an outer diameter transverse to the axial direction of at
most 1.50 mm for insertion of the dental cannula into a root canal of a human permanent
tooth.
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