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DBEVICE ASSEMBEY AND METHOD FOR USEIN TENDON REPAIR

FIELD

The present invention relates to a needle covering and carrying device for covering a
needle and carrying the needle within a tendon sheath. The present invention also
relates to an assembly for use in repairing a severed tendon, the assembly comprising a
needle and the needle covering and carrying device, and a method of repairing a severed
tendon.

BACKGROURND
Injuries to the hand are common. Rudge and James (2014) in their study entitled
“Flexor “Tendon Injuries in the Hand: A UK Survey of Repair Technigues and Suture
Materials - Are We Following the Evidence?” (1SRN Plastic Surgery) stated that hand
injuries account for around one-fifth of all presentations to the emergency depariment in

most hospitals in the United Kingdom, and cost over £100m per vear to treat.

Flexor and extension tendons in the hand extend through tendon sheaths, within which
the tendons are movable as the hand is flexed. Injuries to the hand of 2 human being
often result in tendon damage, frequently involving severing of one or more of the

tendons.

Tendon injuries are categorised within one of five different Zones of the hand. Zone |
comprises the flexor digitorum profundus (FDP) tendon distal to insertion of the flexor
digitorum superficialis (FDS) tendon. Zone 2 (“no man’s land™) comprises insertion of
the FDS tendon to the proximal edge of the A1 pulley, which pulley is a cruciform
structure beneath which the tendon sits. Zone 3 is in the palm, and comprises the

proximal edge of the Al pulley to the distal edge of the carpal tunnel.

When a finger injury occurs, resulting in a tendon being severed in Zone | or Zone 2,

the tendon tends to retract towards the palm (Zone 3). A severed portion of the tendon
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remains i the tendon sheath within the finger, beyond the area where the tendon has
been severed. Performing a repair on the severed tendon requires that the stump of the
retracted tendon be drawn back along the tendon sheath, before being sutured to the

sturnp of the tendon portion remaining within the finger.

Despite well-developed surgical techniques and suture materials being available,
injuries to flexor tendons within Zone 2 of the hand still represent a significant
challenge to hand surgeons. There is active interest in technigues to improve outcomes

within the surgical community.

Ozturk et al., in the Annals of Surgical Innovation and Research 2013, 7:11, report and
comumnent on various techniques that have been described in literature for the delivery of
a refracted proximal tendon stump to a repair site, including the milking of the proximal
tendon stump (Kleinert , 1975 {11}, suction (Pennington, 1977 [2]), use Qf rigid and
flexible tendon retrievers (Ersek & Gadaria, 1985 [3]), skin hooks (Kamath & Bhardwa,
2007 [4]), steel wires (Iwuagwu & Gupta, 2004 [S]), ancurismal needle (Hettiaratchy &
Titley, 2002 [6]), tendon suture side to side to a catheter {Sourmelis & MeGrouther,

1987 {71 and endoscopic tendon retrieval Hill, Wells & Prevel [8]).

Flexor tendon repair in zove 2 requires an atraumatic tendon retrieval technique with
meticulous handling of the tendon stumps and minimal damage to the surrounding
tendon sheath, becaose of the problematic nature of tendon healing without adhesions in
this zone. There are various techniques described for flexor tendon retrieval beneath the
tendon pulleys. Rigid and flexible tendon retrievers have been found to create
additional crush infury to the severed tendon stump which causes additional {ibrosis and

altered tendon healing (Kamath & Bhardwa, 2007; Twuagwu & Gupta, 2004).

Hettiaratchy and Titley described placing a core suture in the tendon stump and using an

aneurysm needle to thread the suture through the pulleys, pulling the tendon out with

2
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the suture. This technique may not suitable to use for tendons retracted into the palm,

and requires additional windowing of the sheath, which results in additional damage.

Other methods which involve passing a silastic tube through the tendon sheath and then
suturing the proximal tendon stump to the tube side to side orend to end, or
alternatively placing the tendon within its lumen, have been described (Sourmelis &
McGrouther 1987; Hill, Wells & Prevel 1997; Kilgore, Adams & Newmeyer, 1971 [91).
However, all of these methods potentially create a bulky mass, which may harm the
tendon sheath during passage along it. Also, all of these methods require that the
tendon stumps be sutured multiple times, which may fray the tendon tip and make the

repair more difficult,

For good resulis to be achieved it is vital that the surgical repair is performed with
atraumatic handling of the severed tendon stumps and minimal damage to the tendon
sheath, in order to prevent postoperative adhesions and ruptures in this area.
Accordingly, it is extremely desirable to be able to draw the tendon through its sheath

with a ‘ncedled” suture that can be continued as part of the definitive repair.

Bhatti & Adeniran (2006) [10] described a technigue of suturing the proximal tendon
sturop at the distal palmar crease with a straight needle and polypropylene suture, and
using a 14- gauge plastic cannula with stylet, acting like a conduit for the passage of the
straight needle to the finger. Traction of the suture end results in delivery of the cut
tendon stump. However, the straight needle is not always avatlable in the operating
room. More important to note is that if is difficult to complete a modified Kessler stitch
using a straight needle, or many of the other popular tendon suture techniques, which

use curved needles,

Ozturk et al, (2013) present a simple and relatively atraumatic technique that facilitates

passing of the retracted Hexor tendon through the pulieys in zone 2. The authors
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sutured the proximal tendon stump at the distal palmar crease with a 30 polypropylene
suture, and used a 14-gauge plastic feeding tube, acting like a conduit for the passage of

a siratghtened needle o the finger.

US Patent Publication No. US-2013/0144310A1 discloses an apparatus for reattaching
severed tendon stumps in the hand. The disclosed apparatus (see Fig. 1} is complex and
comprises mumerous components including a pulley catheter which is connected to a
flanged catheter by a connector. The pulley catheter is of a polymeric material with
sufficient rigidity (so that it can be pushed through tendon pulleys), and the flanged
catheter is of a softer polymeric material such as a silicone. Further, the apparatus also
comprises a fendon anchor including 4 short siraight needle which is attached to an end
of a multifilament cable, the cable being unwound into separate sutures from a sleeve
iocated at an intermediate point of the cable. Curved needles {see labels 114a-g) are
attached to the end of each suture. In use, the pulley catheter is fed into an incision in
the palm and along a tendon sheath beneath tendon pulleys (see Fig.2 A). The flanged
catheter is then connected to the pulley catheter and drawn part-way into the tendon
sheath {see Fig. 2B). A tendon stump in the palm is then delivered to the surface and
the straight needle of the tendon anchor placed into and pulled through the stump. The
curved needles are then used to stich the tendon repair device to the stump, a pair of
sutures being tied in a knot and stitched to the tendon using criss-cross locking stiches
formed using further curved needles and sufures. Excess suture material and the curved
needles are then removed (see Fig. 2ZD&E). The straight needle is then inserted into the
flange of the flanged catheter and advanced until the tendon stump is in the flanged
portion. The surgeon then grasps the straight needle and pulls the needle, attached
cable, flanged catheter and tendon stumyp through the pulley system and out of @ wound
in the finger. A further tendon anchor of a similar structure is then attached to the
tendon sturnp in the finger in the same way as described above, and the needles of the
two anchors inserted through bores of a connector, passing in opposite directions.

Traction is then applied to the tendon stumps to pull them together with the connector

4
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buried in the tendon ends. A crimping tool is then used to crimp the connector and
extra lengths of the cables are cut. An apparatus like the pulley catheter is also
disclosed, and is described as a dilation catheter which has a wall thickness sufficient to
make the entire catheter sufficiently stiff to be pushed through the pulley system, and to

serve the purpose of dilating the pulleys against their natural size,

The apparatus disclosed in US-2013/0144310A1 is complex and the procedure for
tendon repair described is cumbersome. The system suffers from numerous
disadvantages. These include that the tendon anchor is complex o assemble, and its use
in g surgical procedure is complicated and time-consuming. Manipulating the straight
needle and trailing cable to insert it through the tendon stumps s challenging, and
requires the use of various clamps to hold the tendon stumps in place. Advancing the
tendon anchor along the flanged catheter is also challenging, since it is necessary to use
the cable connected to the needle to advance it through the catheter. Furthermore, it is
difficult to make the cable sufficiently rigid to achieve this without hampering the
procedure for connecting the tendon anchor to the stumps. As the flanged catheter is of
a relatively soft polymeric material, this presents a serious risk of the catheter being
punctured by the needle when 1 is advanced along the catheter, which could result in
the needle becoming jammed within the catheter, and potentially being misdirected into
surrounding tissue. The pulley catheters are typically 120mm long, of relatively small
outer diameter (typically 2mm), with a wall thickness of 0.5 mm thus having an infernal
diameter of Tmm {see para. 8070). It would be difficult to push the straight needle
through a pulley catheter of the above dimensions with a cable. The slesves of the
tendon anchors, and the connector that is used to connect the cables of the two anchors,
are all buried within the tendon stumps. These components are therefore permanently
located within the tendon stumps, which could hamper tissue ingrowth and effective
repair of the tendon. In using the dilation catheter (see Fig. 13 A-C, and Fig 14 A-E), it
i8 possible that the user would over-dilate the pulleys, leading to potential damage and

rupture of the pulleys. Apart from the danger of the risk of over dilating the pulleys and
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possible consequent damage to the same, the dilating section left within the tendon
sheath must be of sufficient thickness to impart to it the necessary rigidity to achieve the
intended dilation of the pulleys. Were the above dilating section collapsible 1t would not
be possible to use it to dilate the pulleys. This particular feature is of relevance to the

present disclosure as will be shown later.

From the sbove it is evident that there is a need to improve upon the existing devices

and surgical technigues emploved in tendon repair.

According to a first aspect of the present disclosure, there is provided a needle covering
and carrying device for covering a curved needle and carrying the needle within a
hamen of a tendon sheath, the device comprising an elongate element having:

a first end;

a second end opposite the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a curved ncedle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage
through contact with the tip during passage of the needle within the sheath;

in which the body is:

A substantially rigid, having a curved shape so that it can accommodate the
curved needle; or

B. deformable, and capable of being deformed into a curved shape so that it

can accommodate the curved needle.

According to a second aspect of the present invention, there is provided a needle
covering and carrying device for covering a curved needle and carrying the needle
within a Jumen of a tendon sheath, the device comprising an elongate element having:

a first end;
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a second end opposite the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a curved needle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage
through contact with the tip during passage of the needle within the sheath;

in which at least part of the body is pre-curved to accommaodate the curved
needle or is deformable and capable of being deformed into a curved shape so that it can

accommodate the curved needle.

Surgical techniques for the repair of damaged tendons, particularty in the hand, would
greatly benefit from the use of a curved needle. For example, use of a curved needle

improves the ability of a surgeon to suture stumps of a severed tendon together.

The present application discloses embodiments that facilitate the passage of a curved
needed within a tendon sheath whilst restricting, or even avoiding, damage to the sheath
through contact with the needle. The needle can be drawn through the tendon sheath
trailing a tendon stump, so that the stump can be sutured to the stump of 3 sccond
portion of the tendon. In tendon repair surgery on the hand, the second portion of

tendon may reside in the finger.

The following text defines optional further features of the device of the first and/or

second aspect of the present disclosure.

Reference is made herein to a needle covering and carrying device for covering a
curved needle and carrying the needle within a tendon sheath. It will be understood that
the tendon sheath may be one of many different sheaths, ducts or conduits found in the
human (or animal) body. However, disclosed embodiments have a particular use in
relation to surgery on the hand, in which the tendon sheath will be the sheath of a

tendon found in the hand {c.g. the FDP or FDS tendon).

7
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The device, in particular the cavity, may be adapted to receive the entire needle. The

device may form an envelope or shroud for the needle.

The cavity may extend from the first end of the device to the second end of the device.

The first end of the body may be a leading end and the second end may be a trailing
end. At least one of the first and second ends may be open, or at least partially open,
and may communicate with the cavity. This may facilitate insertion of the needle into
the cavity through the open end, and/or may allow a suture connected to the needle to

exit the body.

The body may serve for transporting the needle along or within the sheath. The first
end may be adapted to be inserted into the tendon sheath and directed along it. The
body may form a threading element (heretnafier called a threader) adapted to transit
along the sheath. In use, the body may comprise a portion defining the threader and a
portion which forms a cover for the needle. The threader portion may be substantially
straight, which may facilitate transit within the sheath. In option A, the cover portion
may have the curved shape. In option B, the cover portion may be capable of being
deformed into the curved shape. The cover may be more flexible than the portion of the

body that defines the threading element.

The cavity may extend part way along a length of the body. The cavity may extend
from one of the first and second ends in a direction towards the other one of the first and
second ends. Where the second end is a trailing end, the cavity may extend from the

second end towards the first end.

The cavity may be disposed between the first and second ends.
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The body may comprise & coupling for connecting the device to a transportation
asserbly used to transport the device within the sheath, The transportation assembly
may comprise an elongate threading element (threader) and a flexible connecting
component connected to the threader, the connecting component being adapted to be
connected to the coupling of the body. The connecting component may be flexible,
may be a cord, wire, filament or the like, and may be a suture. The coupling may be an

eye, hoop or the like mounted on or connected o the body.

The body may be generally tubular. The body may be generally cylindrical, and may

have a circular shape in cross-section.

The device may comprise an outer sheath, sleeve or covering, The outer sheath may
ease passage of the device within the tendon sheath. The outer sheath may be of a
plastics (suitably polymeric) or elastomeric material, which materials may have a low
coefficient of friction, to facilitate passage of the device within the tendon sheath, The
outer sheath may have an inner surface which is disposed in contact with an outer
surface of the body. The outer sheath may be tubular. The outer sheath may extend at
least part way along a length of the body. The outer sheath ﬁnay extend in a direction
from one of the first and second ends of the device in a direction towards the other one
of the first and second ends. Where the first end is a leading end, the outer sheath may
extend from the first end along the body in a direction towards the second end. The
outer sheath may cover the first end. Where the second end s a trailing end, the second
end may be exposed, and so may not be covered by the outer sheath. A portion of the
body may define the cavity. The portion may be exposed, and so may not be covered
by the outer sheath. The outer sheath may theretfore extend from the first end along the

body to said portion.

A needle covering and carrying device according to option A may have one or more of

the following features.
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The cavity may be curved. The cavity may have a curved shape which substantially
matches that of the curved needle. The needle may have a radius of curvature, and the
cavity may have a radius of curvature. The radius of curvature of the cavity may

substantially match that of the needle.

The body may comprise a first body part, and a second body part which is connected to
the first body part. The first and second body parts, when connected, may form the
body. At least one of the first and second body parts may be movable relative to the
other one of the first and second body parts, and may be movable between an open
position in which the needle can be inseried into the cavity, and a closed position in
which the cavity is closed. The body may be lockable in the closed position. The
device may comprise a clip, clamp or lock for locking the body in the closed position.
At least one of the first and second body parts may be pivotable relative to the other one

of the first and second body parts, such as via a hinge. The hinge may be a living hinge.

Suitable materials for the body may be selected from the group comprising: plastics,

suitably polymeric materials; metals; and metal alloys.

A needle covering and carrying device according to option B may have one or more of

the following features.

At least part of the body of the device, or optionally only a part of the body of the
device, may be plastically deformable. A part of the body defining the cavity may be
plastically deformable. The entire body may be plastically deformable. The device
may be capable of being bent into a required shape (1o accommeodate the curved
needle), which may occur either on insertion of the needle into the cavity, or in advance
such as by appropriate manipulation of the body 1o have a shape which suits a particular

needle.

10
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At least part of the body of the device, or optionally only a part of the body of the
device, may be elastically deformable. A part of the body defining the cavity may be
elastically deformable. The entire body may be clastically deformable. The device may
be capable of adopting a curved shape when the needle is inserted into the cavity. The
body may be elastically deformable from an undeformed or starting configuration,
which may be s substantially straight and/or unstressed configuration, to a deformed or
deployed configuration, which may be a curved configuration. The body may retum (o
the undeformed configuration when the needle is removed from the cavity. The body

may be of a metal or metal alloy material,

The body, and optionally the device, may take the form of a spring. The spring may be
a tension spring or sprung member. The spring may be helically wound. The spring
may comprise a plurality of turns or coils, which may be arranged so that the tums or
coils are in abutment {(which may be close abutment}, at least in a rest state. The spring
may be of a metal or metal alloy material, such as a stainless steel material, although
plastics {suitably polymeric) materials may be suitable. The body, particularly where it
takes the form of a spring, may be deformable in multiple directions, relative to a main
axis of the body (in an undeformed state). The body may therefore be deflectable in
any desired direction away from the main axis {(for example a radial direction). The

body may therefore demonstrate a high degree of compliance.
The at least part of the body that accommodates the curved needle mavbe pre-curved.
The body may comprise a sidewall. An opening may be formed in the sidewall which

communicates with the cavity. The needle may be insertable into the cavity through the

opening.

i1
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Further features of the needle covering and carrving device of the first and/or second
aspect of the present disclosure may be derived from the text set out elsewhere in this
document, particularly in or with reference to the surgical assemblies of the third and

fourth aspects of the present disclosure,

According to a third aspect of the present disclosure, there is provided an assembly for
use in repairing a severed tendon, the assembly comprising:

a curved needle; and

a needle covering and carrying device for covering the curved needle and
carrying the needle within a humen of a tendon sheath, the needle covering and carrying
device comprising an longate element having:

a first end;

a second end oppostie the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a aurved needle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage
through contact with the tip during passage of the needle within the sheath;

int which the body is:

A. substantially rigid, having a curved shape so that it can accommodate the
curved needle; or

B. deformable, and capable of being deformed into a curved shape so that it

can gecommodate the curved needle.

Further features of the assembly of the third aspect of the present disclosure,
particularly of the needle covering and carrying device, may be derived from the text set
out elsewhere in this document, particularly in or with reference to the needle covering

and carrying device of the first and/or second aspects of the present disclosure.

iz
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According to a fourth aspect of the present disclosure, there is provided an assembly for
use in repairing a severed tendon, the assembly comprising:
a threading element adapted to transit along a lumen of a tendon sheath; and

g liner for lining an imternal surface of the tendon sheath, the liner defining an

[, )

internal passage along which a tendon stump can pass during transit along the lumen,
the liner acting to restrict contact between the tendon stump and the internal surface of
the tendon sheath;

in which the liner is adapted to be releasably coupled to the threading element
so that it can be drawn into the tendon sheath by the threading element and located
10 within the lumen, and then released from the threading element so as to reside within

the lumen.

Reference is made to a threading element, which is an element that is adapted, by
appropriate shaping (e.g. elongate and of relatively small diameter or width) and/or

selection of materials {e.g. plastically deformable/malleable or elastically deformable},

e
A

1o pass along the narrow lumen of the tendon sheath, and so to transit the sheath tratling

the liner.

The threading element may serve for drawing the Hiner into the lumen of the tendon

2¢  sheath, and may then be released from the liner so that the liner can be disposed within
the lumen, in which position the liner may serve to restrict (and optionally to entirely
prevent) contact between the tendon stump and the internal surface of the tendon sheath.
This may restrict {and potentially avoid) damage to the tendon stump during transit
along the lumen, which could otherwise fray, making it difficult to subsequently

connect it to a further stump of the tendon in a tendon repair procedure of the type

B2
(V4]

described above.

Whilst the liner has a particular use in restricting contact between a tendon stump and

the internal surface of the tendon sheath (and optionally preventing contact), the liner

i3
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may also serve for restricting {and potentially avoiding) contact between other objects
and the internal surface of the tendon sheath, including but not restricted to the

threading element itself, for example during return transit along the lumen.

The assembly may comprise a needle covering and carrving device for covering a
curved needle and carrying the needle within the lumen of a tendon sheath. The needle
covering and carrying device may comprise an elongate element having:

a first end;

a second end opposite the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a carved needle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage

through contact with the tip during passage of the needle within the sheath,

The body may be deformable, and capable of being deformed into 8 curved shape so
that it can accommuodate the curved needle. The body may be substantially rigid,

having a curved shape so that it can accommeodate the curved needle.

The body may form the threading element. In use, the body may comprise a portion

defining the threading element and a portion which forms a cover for the needle,

The liner may be elongate. The liner may take the form of a sheath. The liner may be
substantially tubular, and may have any suitable cross-sectional shape. The liner may
be collapsible and/or adapted to be flattened for easy insertion into and transit along the
fumen of the tendon sheath. This may be achieved by selection of suitable materials for
the liner, and the provision of 8 liner having a wall thickness which is suitable for
collapsing/flattening. The liner may comprise an outer surface adapted to contact the

internal surface of the tendon sheath, and an inner surface which defines the internal

14
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passage, and which may be contacted by the tendon stump during transit along the

Iumen.

The liner may comprise a slit, and may be slit along an entire length of the liner from a
first axial end to a second axial end. The provision of a liner having such a slit may
facilitate removal of the liner from the lumen following completion of a tendon repair
procedure in which tendon stumps are connected to restore function to a severed tendon,
the slit enabling the liver to be drawn over the repaired tendon leaving the tendon in
place within the lumen of the tendon sheath. The liner may be adapted to be rolled or
coiled, for example about a longitudinal axis, so as to define the internal passage.
Rolling or coiling of the liner may form it into the shape of a tube. Where the liner is
sit, the liner may comprise a first lateral edge and a second lateral edge. Where the
liner is rolled or coiled, a portion of the liner comprising one of the lateral edges may
overlap a portion of the liner comprising the other lateral edge. The liner may be of a
plastics (suitably polymeric) or clastomeric material, which materials may have a low
coetticient of friction, to facilitate insertion into the lumen of the tendon sheath, and

transit of the tendon stump along the internal passage of the liner.

The liner may comprise a sheath lining portion adapted to be located within the lumen
of the tendon sheath, and a pulling portion extending from the lumen lining portion and
adapted to be used to pull the sheath lining portion into and along the lumen. The
pulling portion may have a length which greater than, or substantially equal to, a length
of the sheath lining portion. The threading element may be adapted to be coupled to the
pulling portion, and may be used to draw the pulling portion into the lumen. The
pulling portion may subsequently be used to draw the sheath hning portion into the
hamen, by pulling an end of the pulling portion out of the lumen. The pulling portion
may be adapted to be gripped by a user to pull the sheath lining portion into the humen.
The sheath lining portion may be substantially tubular (including where it comprises a

slit and is cotled as discussed above). The pulling portion may comprise one or more
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elongate strips, legs or the like, which may extend from the substantially tubular lamen
lining portion. Alternatively the pulling portion may also be tubular, and may be of 2
smaller diameter or width than the humen-lining portion. The pulling portion may be

integral with the lumen-lining portion.

The assembly may comprise at least one further liner, for lining an internal surface of a
further tendon sheath. The further liner may also be adapied to be releasably coupled to
the threading element so that it can be drawn into the further tendon sheath by the
threading element and located within the lumen of the further tendon sheath, and then
released from the threading element so as to reside within the humen. The further liner
may have a use in a tendon repair procedure of a further tendon, for example in the

same or in a second {and optionally further) finger.

The threading element may take the form of a spring. The spring may be a tension
spring or sprung member. The spring may be helically wound. The spring may
comprise a plurality of turns or coils, which may be arranged so that the turmns or coils
are in abutment (which may be close abutment), at least in a vest state. The spring may
be of a metal or metal alloy material, such as a stainless steel material, although plastics

{suitably polymeric) materials may be suitable.

The threading clement may comprise an outer sheath, sleeve or covering. The outer
sheath may ease passage of the threading element within the tendon sheath. The outer
sheath may be of a plastics (suitably polvmeric) or elastomeric material, which
materials may have a low coefficient of friction, to facilitate passage of the device
within the tendon sheath. The outer sheath may have an inner surface which is disposed

in contact with an outer surface of the body.

As discussed above, the body may comprise a portion defining the threading element

and a portion which forms a cover for the needle. The cover may have the same
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structure as that of the threading element and may be continuous with it. Where the
threading element is formed of a spring as mentioned above {optionally comprising a
plurality of coils), the outer {covering) sheath may give the threading element a measure
of rigidity so it can be pushed through the lumen of the tendon sheath. A stiffhess or
flexural modulus of the part of the threading element covered by the outer sheath may
be greater than a part which is not covered by the outer sheath. Thus the part of the
threading element which is covered by the outer sheath may be stiffer than the part that

18 not covered.

The assembly may comprise a flexible connecting component for releasably connecting
the threading element to the liner. The flexible connecting component may be a cord,
wire, filament or the like, and may be a suture. Where the assembly comprises a needle
covering and carrying device {in which the body of the device forms the threading
clement), the flexible connecting component may be a suture connected to the needle.
Suitably, the needle will be remeoved from the covering and carrying device before the

suture 1s used to draw the lner into the humen of the tendon sheath.

The flexible connecting component may be releasably connected to the threading
element by tying, such as by whipping the connecting component to/around the
threading element. Where the threading element comprises an outer sheath, the flexible
connecting component may be releasably connected to the threading element by
trapping a part of the connecting component between an outer surface of the body and
an inner surface of the outer sheath. Where the threading element takes the formof a
spring, the spring may define an internal passage and may have an open end, and the
flexible connecting component may pass up the internal passage of the spring to the
open end of the spring, before exiting from the open end and passing away from the
open end between an outer surface of the spring and an inner surface of the outer

sheath.
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The flexible connecting component may be formed into a loop. The liner, in particular
the pulling portion {for example at least one of the one or more elongate strips) may be
folded over the loop, and the flexible connecting component may be secured relative to

the liner by tying, such as by whipping the connecting component to/around the liner,

The liner may be coupled to the threading element so as to define two tendon sheath
liming portions. The lner may have a first end and a second end, and coupling may be
achieved by connecting the liner to the threading element at a point along a length of the
liner between the first and second ends, suitably at or proximate a midpoint of the liner.
Coupling may be achieved by folding the liner at said point, about/to the threading
element or the connecting component. A length of each tendon sheath lining portion
may be substantially the same, although the lengths could be different, provided that
they are sufficiently long to line the tendon sheath (or at least the part of the tendon
sheath extending between surgical openings). The tendon sheath lining portions may
serve for receiving the tendon stumps of respective tendons. It is well known that
tendon sheaths in the finger can accommodate more than one tendon. The assembly
may therefore enable two tendon sheath lining portions to be located in a single tendon

sheath, for use where both of the finger tendons are to be repaired.

The liner may comprise a first end, a second end, and a body extending between the
first and second ends. The liner may comprise a first tendon sheath lining portion
extending from the first end towards a part of the liner disposed between the first and
second ends, and a second tendon sheath lining portion extending from the second end
towards the part disposed between the first and second ends. The first and second
tendon sheath lining portions may each have a width, and said part may have a width
which is less than the width of the first and second tendon sheath lining portions. A
width of the first tendon sheath lining portion may be the same as {or substantially the
same as) a width of the second tendon sheath lining portion. Said part may comprise a

main section of substantially constant width; a first transition section extending between
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the main section and the first tendon sheath lining portion; and a second transition
section extending between the main section and the second tendon sheath lining portion.
The transition sections may have a width which progressively increases from the width
of the main section to the width of the respective tendon sheath lining portion. Said part
may comprise a first transition section extending from the first tendon sheath lining
portion; and a second transition section extending from the second tendon sheath lining
portion and coupled to the first transition section. The transition sections may have a
width which progressively increases from a width defined at or by an intersection
between the transition sections, to the width of the respective tendon sheath lining

portions.

The liner may be adapted (o be releasably coupled to the threading element (in
particular the flexible connecting component} in or at said part. Where the flexible
connecting component is formed into a loop, the liner may be releasably couplable to
the threading element by folding it over the loop at or about said part. The first and
second tendon sheath lining sections may be adapted to be separated from one another,

suitably by severing the liner so as to remove said part.

Further features of the assembly of the fourth aspect of the present disclosure,
particularly of the threading element and the needle covering and carrying device, may
be derived from the text set out elsewhere in this document, particularly in or with
reference to the needle covering and carrying device of the first and/or second aspect of
the present disclosure and the assembly of the third aspect of the present disclosure, or

the methods and assemblies defined in the fifth to ninth aspects.
According to a fifth aspect of the present disclosure, there is provided a method of

retrieving a tendon stump of a severed tendon, which may be part of a method of

repairing a severed tendon, the method comprising the steps of
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passing a curved needle connected to a suture through g first tendon stump, 1o
connect the suture to the first tendon stump;

providing a needle covering and carrying device comprising an clongate
element having s first end, 8 second end opposite the first end, and a body extending
between the first and second ends, the body defining an internal cavity;

locating at least a penetrating tip of the curved needle within the cavity defined
by the body, so that the tip is covered by the device;

inserting the first end of the elongate element into the tendon sheath;

directing the elongate element along the tendon sheath carrying the needle and
the suture, towards g second tendon stump spaced along the sheath from the first tendon
stump,

removing the needle covering and carrying device from the tendon sheath;

removing the needle from the cavity in the body;

drawing the first tendon stump along the lendon sheath using the suture, (0 a
position proximate the second tendon stump, s0 that the tendon stumps can be

connecied.

The method may comprise locating a free end of the suture within the cavity defined by
the body. Following removal of the elongate element from the tendon sheath, the
method may comprise removing the needle and the end of the suture from the cavity in

the body, optionally before drawing the first tendon stump along the tendon sheath.

The method may comprise passing the curved needle connected to the suture through
the second tendon stump, 1o connect the suture to the second tendon stump; and
manipulating the suture to connect the first tendon stump to the second tendon stump,

and thereby repair the severed tendon.
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The method may comprise locating the entire needle within the cavity (and so including
a tratling end of the needle, which may be coupled to the suture), so that the entire

needle is covered by the device.

The method may comprise removing the first tendon stump from the tendon sheath to
expose the stump, and then connecting the suture to the first stump. The method may
comprise removing the second tendon stump from the tendon sheath to expose the

stump, and then connecting the suture to the second stump.

The method may comprise inserting the entire needle into the cavity in the body of the
threader. The suture may pass out of the body through an opening, which may be

provided in or by the second end.

The step of removing the device from the tendon sheath may comprise drawing the

second end of the device out of the sheath,

Reference is made in this document to a tendon sheath of a tendon, It will be
anderstood that the tendon sheath may comprise a mumber of sheath paris or portions
which together form the sheath. This may particularly be the case in a surgical
procedure, in which apertures may be formed in the tendon sheath so that the damaged

tendon can be accessed.

The first tendon stump may be a proximal stump, and the second tendon stump may be
a distal stump. In the context of a hand of a human, the distal end may be disposed
closer to a tip of a finger containing the tendon. The assembly and method may havea

use in surgery on other parts of the human or animal body, such as the foot.

Reference is made in this document (o drawing of the first tendon stump to a position

proximate the second tendon stump. It will be understood that this should typically be
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taken to mean that the first tendon stump is moved to 8 position in which it is
sufficiently close to the second tendon stump that the stumps can be sutured together.
This will usually involve remeoving the first tendon stump from the tendon sheath near

the second tendon stump.

The method may comprise the step of lining an internal surface of the tendon sheath
with a liner, the liner defining an internal passage along which the first tendon stump
can pass during transit along the tendon sheath. The tendon sheath may be lined prior
to carrying out the step of locating at least the penetrating tip of the curved needle
within the cavity defined by the body, and may be carried out prior o carrying out the

step of passing the aurved needle trailing the suture through the first tendon stump.

The liner may be drawn into the tendon sheath by a threading element which can transit
along a lumen of the tendon sheath. The threading element may be formed by the body
of the covering and carrying device. The method may comprise releasably coupling the
liner to the threading element. The liner may be released from the threading element

following location within the lumen.

The step of nserting the first end of the elongate element into the tendon sheath may
comprise inserting the first end into the internal passage of the liner. The step of
directing the ¢longate element along the tendon sheath carrying the needle and the
suture may comprise directing the clongate element along the internal passage of the
liner. The step of removing the needle covering and carrying device from the tendon
sheath may comyprise removing the clongate clement from the internal passage of the

liner.

The method may comprise the step of removing the liner from the tendon sheath
following passing of the curved needle connected to the suture through the second

tendon stump. The liner may only be removed following manipulation of the suture to
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connect the first tendon stump to the second tendon stump, and thereby repair the
severed tendon. The liner may comprise a shit, which may extend slong an entire length
of the liner from a first axial end to a second axial end, the slit facilitating removal of
the liner from the lumen. The liner may be removed by sliding it laterally relative to the

tendon, so that the tendon passes through or out of the slit,

The method may comprise the step of lining an internal surface of the tendon sheath
with a liner which is coupled to the threading element so as to defing two tendon sheath
lining portions. The liner may have a first end and a second end, and may be coupled to
the threading element at a point along a length of the liner between the first and second
ends, suitably at or proximate a midpoint of the liner. The tendon sheath lining portions
may serve for receiving the tendon stumps of respective tendons. The method may
therefore be for repairing two severed tendons, which tendons are normally located

within a single tendon sheath.

Further features of the method of the fifth aspect of the present disclosure, particularly
relating to the needle covering and carrying device, may be derived from the text set out
elsewhere in this document, particularly in or with reference to the needle covering and
carrying device and assemblies of the first to fourth aspects of the present disclosure, or

the methods and assemblies defined in the sixth to ninth aspects.

According to a sixth aspect of the present disclosure, there is provided a method of
lining a tendon sheath of a severed tendon in preparation for performing a tendon repair
procedure, the method comprising the steps ofd

releasably coupling a threading element o a liner defining an internal passage;

inserting the threading element into a lumen of a tendon sheath trailing the
liner behind it;

directing the threading clement along the lumen of the tendon sheath, to draw

the liner into the lumen;
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locating the liner in the tendon sheath so that it lines an internal surface of the
tendon sheath;

removing the threading element from the lumen of the tendon sheath; and

releasing the liner from the threading element leaving the liner in place within
the lumen of the tendon sheath, the liner serving to restrict contact between a tendon
stump of a severed tendon and the internal surface of the tendon sheath during a

subsequent tendon repair procedure.

Further features of the method of the sixth aspect of the present disclosure may be
derived from the texi set out elsewhere in this document, particularly in or with
reference to the needle covering and carrying device and assemblies of the first to fourth
aspects of the present disclosure, and the method of the fifth aspect of the present

disclosure, or the assembly and method defined in the sixth and ninth aspects.

According to a seventh aspect of the present disclosure, there is provided an assembly
for use in repairing a severed tendon, the assembly comprising:
an elongate threading element adapted to transit along a lumen of a tendon
sheath, for covering a curved needle and carrying the needle within the lumen of the
tendon sheath, the elongate threading element having:
a first end;
a second end opposite the first end; and
a body extending between the first and second ends, the body defining
an internal cavity for accommodating the curved needle to protect the tendon
sheath from damage through contact with the needle during passage of the
needle within the tendon sheath, the body being deformable into a curved
shape so that it can accommaodate the curved needle, the body optionally
comprising a spring having a plurality of coils;
a liner for lining an internal surface of the tendon sheath, the liner defining an

internal passage along which a tendon stump coupled to the curved needle can pass
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during transit along the lumen, the liner preventing contact between the tendon stamp
and the internal surface of the tendon sheath, the liner optionally having:
a collapsed, rest configuration in which the liner is adapted to be
inserted into the lumen of the tendon sheath; and
an expanded, operating configuration, the liner being movable to the
expanded configuration by contact with the tendon stump;
in which the liner is adapted to be releasably coupled to the clongate threading
element so that it can be drawn into the tendon sheath by the threading element and
located within the lumen, and then released from the threading element so as to reside
within the lumen;
and in which the elongate threading element, once released from the liner, is
adapted to receive the curved needle, for covering and carrying the curved needle
through the liner and along the lumen of the tendon sheath trailing the connected tendon

stump.

The body may be defined by the spring. The body may have an outer surface, and the
elongate threading clement may comprise an outer sleeve having an inner surface which
is disposed in contact {optionally close contact) with the outer surface of the body. The
outer sleeve may extend part way along a length of the body from the first end. The
outer sleeve may provide a degree of rigidity to the body (without overly restricting its
ability to deform to transit along the lumen of the tendon sheath), which may facilitate

insertion of the body into the tendon sheath, and pushing of the body along the himen.

A portion of the body comprising the second end may be adapted to accommodate the
curved needle, and the outer sleeve may extend from the first end fo said portion of the
body so that said portion is not covered by the outer sleeve. Leaving said portion of the
body uncovered by the outer sleeve may provide the portion with greafer flexibility than
the covered portion of the body, so that it can more easily deform to accommodate the

curved needle.
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The liner, 1n the collapsed configuration, may be substantially flat and may be a lay-flat
tube. The hiner, in the collapsed configuration, may have a width and a height, the
width being greater than the height. The width may be significantly greater than the
height. A ratio of the height to the width may be in the range of from about 1:100 1o
about 1:10.

The assembly may comprise a flexible connecting component for rcieasa'bly connecting
the threading element to the liner. The flexible comnnecting component may be formed
into a loop which extends from the threading element. The liner may be coupled to the
threading element by folding the liner over the loop and coupling a folded part of the

liner to a main part of the liner.

The second end of the body may be a trailing end, and the spring may have an open end
which defines the second end of the body. The spring may define the internal cavity of
the body, the flexible connecting component passing into the open end and along the

internal cavily.

The first end of the body may be a leading end, and the spring may have a further open
end which defines the first end of the body. The flexible connecting element may
extend along the internal cavity to the further open end of the spring, exiting the spring
from the further open end and passing away from the open end between the outer

surface of the spring and the inner surface of the outer sleeve.

The liner may comprise a sheath lining portion adapted to be located within the lumen
of the tendon sheath, and a pulling portion extending from the tumen lining portion and
adapted to be used to pull the sheath lining portion into and along the lumen. The
sheath lining portion may be substantially tubular, and the polling portion may comprise

one or more leg which extends from the sheath lining portion.
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The spring may be generally tubular, and may be a helically wound spring.

A kit may be provided comprising the assembly of the fourth or seventh aspects of the
present disclosuare and at least one further liner, which may be of the type defined
above. The further liner may have a use in a tendon repair procedure of a further

tendon, for example in the same or in a second {(and optionally further) finger.

Reference is made to a ‘rest’ configuration of the liner. It will be undersiood that such
may be the configuration which the liner adopts in the absence of an external force,
such as the force of a tendon stomp passing along the internal passage defined by the
liner, which may act to expand the liner. Suitable materials for the liner include those

discussed elsewhere in this document.

According to an cighth aspect of the present disclosure, there is provided a method of
retrieving a tendon stump of a severed tendon, the method comprising the steps oft

providing an elongate threading element having a first end, a second end
opposite the first end, and a body extending between the first and second ends and
having an internal cavity, the body being deformable into a curved shape, the body
optionally comprising a spring having a plurality of coils;

releasably coupling the elongate threading element to a hiner defining an
internal passage, the liner optionally having a collapsed, rest configuration and an
expanded, operating configuration;

nserting the elongate threading clement into a lumen of a tendon sheath
trailing the liner behind it, optionally with the liner in the collapsed configuration;

directing the elongate threading clement along the lumen of the tendon sheath
to draw the liver into the lamen, and locating the liner in the tendon sheath so that it can

line an internal surface of the tendon sheath;

N2
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removing the elongate threading element from the humen of the tendon sheath
and releasing the liner from the threading element leaving the liner in place within the
tumen;

passing a curved needle trailing a suture through a first tendon stump, to
connect the suture to the first tendon stump;

locating the curved needle within the internal cavity so that the needle is
covered by the body and the body deformed to the curved shape by the needle:

inserting the first end of the elongate threading element into the internal
passage of the liner, and directing the threading element along the internal passage
carrying the needle and the trailing suture towards a second tendon stump spaced along
the tendon sheath from the first tendon stump;

drawing the first tendon stump along the internal passage of the liner using the
suture o a position proximate the second tendon stump, so that the tendon stumps can
be connected, in which the first tendon stump optionally moves the liner to the

expanded configuration during movement along the internal passage.

The assembly of the seventh aspect and the method of the cighth aspect of the present
disclosure {and others disclosed herein} address one or more problems in the prior art,
particularly in US-2013/0144310A1. The assembly is easy to put together and speeds a
procedure to repair a severed tendon without requiring the complex tendon anchor of
US-2013/0144310A1. The curved needle greatly improves the ability to connect
sutures to the tendon stumps, and avoids a requirement to use cumbersome clamps to
hold the stumps. The threading element, comprising a spring, facilitates passing of the
element (trailing the tendon stump) along the lumen of the tendon sheath. The curved
needle is contained within the cavity defined by the body of the threading element
{within the spring}, which can deform to accommodate the needle. This prevents
contact between the needle and the tendon sheath and so avoids damage 1o the tendon
sheath during passage along the lumen, and misdirection of the needle. The Hner acts to

tine the internal surface of the tendon sheath, preventing contact between the tendon
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stump and the internal surface during passage along the lumen. This reduces a risk of
fraying of the tendon stamp. Also, the use of sleeves and connectors {(as described in
US-2013/0144310A1), which become embedded in the repaired tendon is avoided,

enhancing tissue ingrowth and patient’s recovery.

In general terrus, the ability to pass a curved needle through the tendon sheath, or
through the liner described, greatly improves the procedure of tendon repair in that it
obviates the need for multiple suturing of the tendon stump necessary in the usual
surgical practice. Using one suture for the repair procedure means less trauma tfo the
tendon stumyp which would expedite the healing of the tendon repair and in tumn the

recovery of the patient.

The present method way further comprise removing the elongate threading element
from the tendon sheath; removing the needle from the cavity in the body of the elongate
threading element; and passing the curved needle trailing the suture through the second
tendon stump, to connect the suture to the second tendon stump, so that the first tendon

stump can be connected to the second tendon stomp.

The present method may further comprise locating a free end of the suture within the
cavity defined by the body of the elongate threading element prior to directing the
elongate threading element along the luwmen of the tendon sheath, The threading
element may be partially inserted into the humen, so that the second end of the body
remains exposed from the lamen, and the curved needle then inserted into the cavity

defined by the body.

The step of drawing the first tendon stump slong the internal passage of the liner may

comprise translating the first tendon stump relative to the liner,
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The method may comprise removing the Hiner from the tendon sheath following
drawing of the first tendon sturop along the internal passage of the liner to the position

proximate the second tendon stump.

The elongate threading element may be releasably coupled to the liner via a flexible
connecting component extending between the threading element and the liner. The step
of releasing the liner from the threading element may comprise severing a portion of the
finer that is connected to the flexible connecting component from a remainder of the
liner {leaving the liner in place within the lumen), and releasing the flexible connecting

component from the threading element,

The assembly of the seventh aspect of the present disclosure effectively comprises a
combination of features of the needle covering and carrving device of the first/second
aspect of the present disclosure/assembly of the third aspect of the present disclosure,
with the assembly of the fourth aspect of the present disclosure. Further features of the
assembly of the seventh aspect may be derived from the text set out elsewhere in this
document, particularly in or with reference to the first, second, third and/or fourth
aspect of the present disclosure. Similarly, features of the device and assemblies of the
first to fourth aspects raay be derived from the text relating to the assembly of the

seventh aspect of the present disclosure.

The method of the eighth aspect of the present disclosure effectively comprises a
combination of featares of the method of the {ifth aspect of the present disclosure with
the method of the sixth aspect of the present disclosure. Further features of the method
of the eighth aspect may be derived from the text set out elsewhere in this document,
particularly in or with reference to the fifth, sixth and/or seventh aspects of the present
disclosure. Similarly, features of the methods of the fifth and sixth aspects of the
present disclosure may be derived from the text relating to the method of the seventh

and/or eighth aspect of the present disclosure.
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In a ninth aspect of the present disclosure, there is provided a method as claimed in

claim 43. Optional further features of the method are defined in the dependent claims.

in a tenth aspect of the present disclosure, there is provided a kit for use in repairing a
severed tendon as claimed in claim 52, Optional further features of the kit are defined

in the dependent clafos.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the present disclosure will now be described, by way of example only,

with reference to the accompanying drawings, in which:

Fig. 1 is a view of a hand of a patient, viewing towards the palm, that has suffered an

ijury resulting in severing of a flexor digitorum profundus (FDP) tendon in Zone one;

Fig. 2 is a view similar to Fig. 1, showing a finger associated with the tendon opened up

to expose a tendon sheath which contains the tendon;

Fig. 3 is a view similar to Fig. 2, showing steps in a method of repairing a severed
tendon employing a needle covering and carrying device, in accordance with an

embodiment of the present disclosure;

Figs. 4, 5 and 6 are perspective views, taken from different angles, of a needle covering

and carrying device in accordance with an embodiment of the present disclosure;

Fig. 7 is a perspective view of the needle covering and carrying device shown in an

open configuration;
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Fig. 8 is a view similar to Fig. 3, showing a further step in the method emploving the

needle covering and carrying device;

Fig. 9 is a side view of a needle covering and carrying device in accordance with

5 another embodiment of the present disclosure;

Figs. 10 and 11 are enlarged perspective views of part of the needle covering and

carrying device shown in Fig. 9, illustrating insertion of the needle into the device;

10 Fig. 12 is a side view of a needle covering and carrying device in accordance with

another embodiment of the present disclosure;

Fig. 13 is a view of the hand of the patient which corresponds to that shown in Fig. 2,
illustrating steps in a method of lining a tendon sheath, employing an assembly, in

1S  accordance with an embodiment of the present disclosure;

Fig. 14 is a side view of g liner which forms part of the assembly shown in Fig. 13;

Fig. 15 is a side view of an alternative liner;
20
Figs. 16 and 17 are views of the hand shown in Fig. 13, illustrating further steps in the

method;

Fig. 18 is a side view of a threading element which forms part of the assembly shown in

25 Fig. 13

Fig. 19 {presented on the same sheet as Fig. 13} is a perspective view of the liner shown

separately from the hand, shown coupled to a flexible connecting element;

Lpd
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Figs, 20 and 21 are side views of alternative methods of coupling a flexible connecting

clement of the asserbly to the threading element;
Figs. 22 and 23 A are side views of further alternative liners;

Fig. 23Bis a view of the liner shown in Fig. 234, showing a flexible connecting element

coupled 1o the liner;
Fig. 24 A is a side view of a further alternative liner;

Fig. 248 is 3 view of the liner shown in Fig. 244, showing a flexible connecting

element coupled 1o the liner;
Fig. 24C is a side view of a variation on the liner shown in Fig. 244;

Figs. 25 and 26 are side views of an assembly according to a further emnbodiment of the

present disclosure, showing different features of the assembly;

Figs. 25A and 25B are enlarged perspective views of a liner forming part of the

assembly shown in Fig. 25; and

Figs. 27 to 30 are views of a hand of a patient which correspond to that shown in Fig. 2,
iltustrating steps inn a method of retrieving a tendon stump of a severed tendon, in
accordance with an embodiment of the present disclosure, employing the assembly of
Figs. 25 and 26.

DETAILED DESCRIPTION
Turning firstly to Fig. 1, there is shown a view of a hand 10 of a patient, viewing
towards the palm 12, that has suffered an injury resulting in severing of a flexor

digitorum profundus (FDP) tendon 14 in Zone one. Severing of the FDP tendon 14 has

o
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resulted in retraction of a proximal portion of the tendon into the palm 12. The drawing
ilfustrates the proximal portion of the tendon 14 retracted outside of the skin through a
surgical opening 15, and shows the proximal portion of the tendon having a first stump
16 at the location of the injury. Fig. 2 1s a view similar to Fig. 1, showing a finger 18
associated with the tendon 14 surgically opened to expose a tendon sheath 20 which
contains the tendon. The drawing also shows a second stump 22 of a distal tendon
portion 24 remaining in the finger 18, A surgical procedure to repair the severed tendon
14 involves connecting the {irst tendon stump 16 to the second tendon stump 22, This
restores function to the tendon 14 and so the finger 18, whose flexing movement is

conirolled by the tendon.

Turning now to Fig. 3, there is shown a view similar to Fig. 2, but showing stepsina
method of repairing a severed tendon employing & needle covering and carrying device,
in accordance with an embodiment of the present disclosure. The needle covering and
carrying device is shown in the perspective view of Figs. 4, § and 6, which are taken
from different angles, and is indicated generally by reference numeral 26. The device
26 serves for covering a curved needle 28, which is shown in Fig. 3, as well as for
carrying the needle within a lumen of a tendon sheath, in this case the sheath 20 shown

in Figs, 2 and 3.

The device 26 in the illustrated embodiment comprises an clongate element 30 having a
first end 32 (which is suitably rounded or tapered), a second end 34 opposite the first
end, and a body 36 extending between the first and second ends. In particular
embodiments, the body 36 has a geverally cylindrical tubular shape, and is generally
circular in cross-section. The body 36 can, however, have other shapes, including a
rectangular cross section (not shown in the drawing}. The body 36 defines an internal
cavity 38 for at least partially or entirely accommodating the curved needle 28 so that at
least a penetrating tip 40 of the needle is disposed within the body 36, the cavity shown

in Fig 7, which is a perspective view of the body in an open pesition {(which will be

34



WO 2019/243793 PCT/GB2019/051686

10

20

discussed in more detail below). This serves o protect the tendon sheath 20 from
damage through contact with the needle 28 (particularly the tip 40} during passage of

the needle 28 within the sheath.

In the device 26 shown in Figs. 4 to 7, the body is substantially rigid, and has a curved
shape suited to accommodate the curved needle 28, The cavity 38 is shaped (o receive
the entire needle 2§, so that the needle is shrouded or enveloped by the body. The
cavity 38 desirably extends from the first end 32 of the device 26 to the second end 34,
the first end forming a leading end and the second end a trailing end of the device. In
the illustrated embodiment, the first end 32 is closed, and the second end 34 is open and
communicates with the cavity 38. In this way, and as will be described below, a suture
coupled to the needle 28 can pass out of the cavity 38 and so exit the body 36.
However, the open second end 34 may additionally or alternatively facilitate insertion

of the needle 2¥ into the cavity 38, through the open end.

The body 36 serves for transporting the needle 28 within the tendon sheath 20, which is
achicved by inserting the fust end 32 of the body into the sheath 20 and directing it
along the sheath. Transportation of the body 36 along the sheath 20 is achieved using a
transportation assembly, as shown in Fig. &, which is a view similar to Fig. 3, showing a
further step in the method employing the device 26. The transportation assembly is
indicated generally by reference numeral 42, and comprises an elongate threading
element {or threader} 44 and a flexible connecting component 46 connecied to the
threader. In certain embodiments, the threader 44 suitably takes the formof a rod or
wire having a blunt (rounded) end 48 (which facilitates passage along the sheath 20
whilst reducing the risk of damage to the sheath) and an eye or ring 50 (or similar
coupling element) for coupling to the connecting component 46. The connecting
component 46 in certain embodiments is Hexible, and suitably takes the form of a cord,
wirg, filament or the like, particularly a medical suture. One end of the connecting

component 46 can be secured to the eye or ring 50, such as by tying off the end of the
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connecting component to the eve or ring 50. The body 36 includes a coupling 52
{Figure 7), which can take the form of, for example, an eve or hoop or ring mounted on
or integrally formed as part of the body. The eye 52 serves for connecting the device 26
to the transportation assembly 42, specifically to the connecting component 46 {e.g., a
suture}, such as by threading the adjacent end of the connecting component 46 through
the eye 52 and tying off that end of the connecting component. In this way, and as will
be described below, the device 26 can be drawn through the tendon sheath 20 using the
transporiation device 42, by passing the threader 44 through the sheath trailing the

device 26 behind it, which is connected to the threader by the connecting component 46.

As can be seen from Fig. 7, the cavity 38 is curved, and has a curved shape which
substantially matches that of the needle 28, Specifically, the neediec 28 has a radius of
curvature Ry (Fig. 3}, whilst the cavity 38 has a radius of curvature R; (Fig. 7}, which
may be taken to a centreline 54 of the cavity. The radius of curvature Ry of the cavity
38 substantislly matches the radius of curvature Ry of the needle 28, so that the cavity
can comfortably accommodate the needle. However, it will be understood that small
differences in these radii will not prevent the needle 28 from being accommodated

within the cavity 38,

As shown in Fig. 7, the body 36 in the illustrated embodiment comprises a first body
part 56 and a second body part 58, which is pivotably coupled to the first body part.
The first and second body parts 36 and 58, when coupled, together form the body 36.
The first and second body parts 56 and 58 are pivotable relative to one another between
an open position {(Fig. 7) in which the needle 28 can be inserted into the cavity 38, and a
closed position (Fig. 4} in which the cavity is closed s0 as to securely contain the needle
within the cavily during passage within the himen of the tendon sheath 20. Pivoting
movement of the first and second body parts 56 and 58 relative to the other is facilitated
by a hinge 59, which may suitably take the form of a living hinge, coupling the first and

second body parts to each other.
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The body 36 can be locked in its closed position, by means of a lock comprising a tab
60 on the second body part §8, which engages in a recess 62 in the first body part 56.
The tab 60 and recess 62 may lock the body 36 in its closed position by appropriate
dimensioning of the tab and recess {¢.g. by providing the tab 60 of a length which
resists pivoting movement of the parts 54 and 56 relative to one another when the tab is
disposed in the recess), and/or by making the tab 60 resilient so that it imparts a
restraining force on the part 56 when it is located in the recess 62. The tab 60 can be
manually depressed or moved out of engagement with the recess 62 to unlock the lock
and permit pivoting of the first and second body parts to the open position. Suitable
materials for the body include ;}:Eastics? particularly polymeric materials, metals and

metal alloys.

The method of repairing the tendon 14 employing the device 24 will now be described

in more detail.

in a first step, the proximal portion of the tendon 14 is retracted via opening 15 to
expose the first stump 16 outside the skin, as shown in Fig. 1. The finger 18 is then laid
open by making one or more incisions and peeling back the skin, as show in Fig. 2, and
the second tendon stump 22 located. The curved needle 28 1s typically supplied with a
suture 64 secured to the veedle at a first end 66 (such as by crimiping the needle around
an end portion of the suture}, and has a second, free end 68, which is shown in the
enlarged detail view in Fig. 3. The needle 28, trailing the sutore 64, is then passed
through the first tendon stump, as also shown in the enlarged detail view in Fig. 3. In

this way, the suture 64 is connected to the first tendon stump 16,

The body 36 of the needle carrying device 26 is then moved to its open position, by
pivoting the body parts 54 and 36 relative to one another, towards the open position

shown in Fig. 7. The needle 28 is then positioned in a part of the cavity 38 defined by
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one of the body parts, with the suture 64 trailing from the needle passing out of the body
through the open second end 34, The free end 68 of the suture 64 is then also placed
within the cavity 38, trailing out of the open second end 34, The suture 64 is thus
formed into a loop trailing from the needle 28 and out of the body 36, through the first
tendon stump 16 and then back into the body 36, The body 36 can then be closed,
retaining the curved needle 28, and the second end 68 of the suture 64, within the cavity
38 defined by the body. In this way, the sharp penetrating tip 40 of the needle 28 in
particular is covered by the device 26. In alternative embodiments, the body 36 can
include multiple cavities 38, such as one cavity sized 1o receive the needle 28 and
another cavity sized to receive the free end 68 of the suture 64. In other embodiments,
the free end 68 of the suture 64 need not be placed instde of the device 26 and instead
can be otherwise secure to a location on the cutside of the device such that the suture 64

still forms a loop extending from the needle 28,

The blunt end 48 of the threader 44 is then inserted through the opening 15 in the palm
12, and directed into the tendon sheath 20. It will be understood that, in order to
withdraw and expose the first tendon stump 14, an aperture (not shown) may need to be
formed in the tendon sheath. Typically, the threader 44 will be directed into the tendon

sheath 20 through that aperture.

The first end 32 of the device 26, which is connected to the threader 44 by the suture 46,
is then fed into tendon sheath 20 through the aperture in the portion of the sheath
contained in the palm 18. The threader 44 is then passed through the tendon sheath 20
to the vicinity of the second tendon stump 22, and is directed out of the sheath through
another surgically formed aperture 70 (Fig. 8). The threader 44 carries the device 26
through the sheath 20, via the connecting component 46, The threader 44 is then pulled
away from the tendon sheath, drawing the device 26 containing the curved needle 28

and the second end 68 of the suture 64 out of the sheath, as shown in Fig. 8.
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The second tendon stump 22 is exposed from the finger 18, ready for connection to the
first tendon stump 16. The needle 28 and the second end 68 of the suture 64 can then be
removed from the cavity 38 in the body 36. The suture 64 is then used to draw the first
tendon stump 16 through the tendon sheath 20, which will require suitable manipulation
of the stump into the aperture in the portion of the sheath contained in the palin 12. The
first tendon stump 16 is drawn along the sheath 20 and out of the aperture 70, so that it
is exposed from finger 18 proximate the sccond tendon stump 22 (which is also exposed

ready for connection to the first stump).

The curved needle 28, trailing the suture 64, is then passed through the second tendon
stump 22 using a suitable stitching pattern (such as a modified Kessler stitch), to
connect the suture to the second tendon stump. The suture 64 and needle 28 are then
manipulated to tighten the stitch and securely connect the first tendon stomp 16 to the
second tendon stump 22, thereby repairing the severed tendon 14, which can be
manipulated back into the position within the tendon sheath 20, The operation can then
be completed by carrying out any required remedistion to the tissue (such as
repositioning portions of the tendon sheath, pulleys and the like), and the openings {(or

incisions) in the palm 12 and finger 18 can then be closed.

Turmning now to Fig. 9, there is shown a side view of a needle covering and carrying
device in accordance with another embodiment of the present invention, the device
indicated generally by reference numeral 26a. Like components of the device 26a
shown in Fig. 9 with the device 26 shown in Figs. 4 to 8 share the same reference
numerals with the addition of the suffix ‘a’. Only the substantive differences between

the device 26a and the device 26 will be described in detail herein.

The device 26a comprises a first end 32a, 3 second end 34a opposite the first end, and a
body 36a extending between the first and second ends. The first end 32a is suilably

tapered or rounded, in order to facilitate entry into and passage along the tendon sheath
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20. The body 36a defines a cavity or lumen 38a for receiving the curved needle 28 and
the tratling end 68 of the suture 64, in the fashion described above in relation to the
device 26. In alternative embodiments, the body 36a can have separate cavities or
lumens for receiving the needle 28 and the trailing end 68 of the suture, respectively. A
part 72 of the body 36a defines the cavity 38a, and is plastically deformable. Optionally
however, the entire body 36a can be plastically deformable. The device 264 is therefore
capable of being bent into a required shape, to accommodate the curved needle 28,
either manually and/or using one or more tools. This may occur either on insertion of
the needle 28 into the cavity 38a, or in advance such as by appropriate manipulation of
the body to have a shape which suits a particular needle. Suitable plastically
deformable materials for forming the portion 72, and optionally the entire body 36a,

particularly include metals and metal alloys.

At least the portion 72 of the body 36a, and suitably the entire body, is tubular and may
be a genervally cylindrical tubular. The needle 28 and trailing end 68 of the suture 64,
are both inserted into the cavity 38a through the second end 34a, which is open as
shown in Fig. 9. Inscrtion of the needle 28 and trailing end 68 is illustrated in the
enlarged perspective views of Figs. 10 and 11, which show progressive insertion of
these parts in the cavity 38a. Once the needle 28 and trailing end 68 are located in the
cavity 38a, the device 26a can be inserted into the tendon sheath as described above in

relation o the device 26.

The device 26a can include a coupling, such as the coupling eve 52 of the device 26.
However, the device 26a may be capable of being used without a transportation
assembly 42. To this end, the body 36a may form a threading element (threader) which
is adapted to transit along the tendon sheath 20. The body 36a in the dlusirated
embodiment therefore comprises a threading portion 74 and the portion 72, which forms
a cover for the needle 28. The threading portion 74 desirably is substantially straight,

which may facilitate transit along the tendon sheath 20. The cover portion 72 is capable
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of being deformed into the required curved shape to accommodate the curved needle 28,
although it is envisaged that the entire body 363 can be plastically deformable 1o case

manufaciure,

Turning now to Fig. 12, there is shown a side view of a needle covering and carrying
device in accordance with another embodiment of the present invention, the device
indicated generally by reference numeral 26b. Like components of the device 26b
shown in Fig. 12 with the device 26 shown in Figs. 4 to §, or the device 264 shown in
Figs. 9 to 11, share the same reference numerals with the addition of the suffix %’, or
the suffix ‘a’ replaced with suffix *b’, as appropriate. Only the substantive differences

between the device 26b and the devices 26 and 26a will be described in detail herein.

The device 26b comprises a first end 32b, a second end 34b opposite the first end, and a
body 36b extending between the first and second ends. The first end 32b is again
tapered or rounded, to facilitate entry into and passage along the tendon sheath 20, The
body 36b defines a cavity 38b (or multiple cavities) for receiving the curved needle 28
and the trailing end 68 of the suture 64, in the fashion described above in relation to the
device 26. A part 72b of the body 36b defines the cavity 38b, and is elastically
deformable. Optionally however, the entire body 36b can be elastically deformable.
The device 26b ts therefore capable of adopting a curved shape when the needle 28 is

inserted into the cavity 38b.

The portion 72b {and optionally the entire body 36b) is elastically deformable from an
undeformed or starting configuration, which may be a substantially straight and/or
unsiressed configuration, to a deformed or deployed configuration shown in Kig. 12,
which is a curved configuration. The portion 72b will return to the vndeformed
configuration when the needle 28 is removed from the cavity 38b. Suitable materials
for forming the portion 72b, and suitably the entive body 36b, include metals and metal

alloys.
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In particular embodiments, the portion 72b, and suitably the entire body 36b, takes the
form of a spring, in particular a helically wound tension spring, comprising a plurality
of turns or coils 76. The coils 76 are typically arranged so they are in close abutment, at
least in a rest state, which may resist entry of tissue in between the coils. In alternative
embodiments, the body 36b, or just the portion 72b, can comprise an elastically
deformable polymeric tube (e.g., medical grade silicone tubing) or a tube formed from a
shape memory metal {(e.g., Nitinol}, which can be formed with axial and/or

circumferential slots to fucilitate bending of the tube.

The device 26b also comprises an outer sheath, sleeve or covering 78, which eases
passage of the device within the tendon sheath 20. The outer sheath 78 may be of a
plastics (suitably polymeric; e.g., a layer of a heat shrink polymer) or elastomeric
material, which materials may have a low coefficient of friction, to facilitate passage of
the device along the tendon sheath 20. The outer sheath 78 has an inner surface 80
which is disposed in contact with an outer surface 82 of the body 36b, in particular the
spring. In this way, the coils 76 of the spring are covered to resist tissue entry. The
outer sheath 7Y is tubular, and extends part way along a length of the spring 36b. The
outer sheath 78 extends in a direction from the first, leading end 32b towards the
second, trailing end 34b. The outer sheath 78 stops short of the portion 72b defining the
cavity 38b, so that the second end 34b is exposed. This is desirable because it ensures
that the outer sheath 78 does not restrict the elastic deformation of the portion 72b,
which is required in order to accommodate the curved needle 28. It will be understood,
however, that in a variation on the illustrated embodiment, the cuter sheath may extend
the full length of the spring 36b, or indeed a shorter distance to that shown, so that it
covers just the leading end 32b and a small adjacent part of the spring. Typically, the
threading element 26b will have a length in the region of 150mm, around &5 to 100mm

of which will be covered by the outer sheath 78. The remainder (which forms the
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portion 72k}, around 50 to 65mm in length, is uncovered so as to case deformation of

the portion to accommodate the curved needle 28.

In use, the device 26b may be drawn along the tendon sheath 20 using a transportation
assembly such as the assembly 42, or can form a threader 74b, as described in relation
to the device 26a. The outer sheath 78 may act to stitfen the device to resist elastic
deformation during transit along the tendon sheath 20, as well as easing passage by

resisting entry of tissue into the spring coils and providing a low friction outer skin.

Turning now to Fig. 13, there is shown a view of the hand 10 of the patient as shown in
Fig 2, illustrating steps in a method of lining 3 tendon sheath, employing an assembly,
in accordance with an embodiment of the present disclosure. The method of lining the
tendon sheath may also form a preparatory step to the method of repairing a severed

tendon shown in Figs. 1 to 12 and described above,

In the illustrated embodiment, the assembly comprises a threading element 26b which is
adapted to transit along a lumen 84 of the tendon sheath 20, In this embodiment, the
threading element 26b is provided by the needle covering and carrying device shown in
Fig. 12 and described above, and so is indicated by the same reference numeral. |t will
be understood that further features of the threading element 26b are outlined above,
Other threading elements, including the threading element 26a shown in Fig. 9, may be
employed. Equally, the method may make use of the assembly shown and described in

Figs. 1 to &.

The assembly also comprises a liner 86 for lining an internal sarface 38 of the tendon
sheath 20, the liner defining an internal passage 90 along which a tendon stump can
pass during transit along the lumen 84, The liner 86 acts to prevent contact between the
tendon stump and the internal surface 88 of the tendon sheath 20. The liner 86 is shown

separately in Fig. 14, whilst Fig. 15 shows an alternative embodiment of liner indicated
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generally by reference numeral 86¢. The liners 86 and 86¢ will be discussed in more

detail below.

The liner 86 is adapted to be releasably coupled to the threading element 26b so that it
can be drawn into the tendon sheath 20 by the threading element and located within the
lumen 84, and then released from the threading element so as to reside within the
lumen. Fig. 16 shows the liner 86 following location within the lumen 84 of the tendon
sheath 20, the liner 86 protruding at one end from the opening 15 in the palm 12, and at
the other end from the apertare 70 in the finger 18. The liner 86 is therefore of a length
which is selected so that the liner can pass along the entire length of tendon sheath
extending between the opening 15 and the aperture 70, with first and second open ends

92 and 94 of the liner 86 exposed respectively from the palm 12 and the finger 18,

Location of the liner 86 within the lurmen 84, so that it Hnes the internal surface 88 of
the tendon sheath 20, provides the advantage that the liner resiricts, and potentially
completely avoids, damage to the {irst stump 16 of the tendon 14 when it is drawn along
the tendon sheath 20 in the repair procedure described above and shown in Figs 1 to 12,
This reduces a likelihood of the tendon stomp 16 fraying due to contact and snagging
with the internal surface 88 of the tendon sheath 20, which could otherwise hamper the
vepair procedure by making it difficulf to suture the first tendon stump 16 to the second
tendon sturnp 22 exposed from the finger 18. Additionally however, the liner 86
restricts contact between other objects and the internal surface 88 of the tendon sheath
20, including but not restricted to the threader 26b itself, when the threader is passed
back along the lumen 84 of the tendon sheath 20 in the repair procedure, as will now be
described with reference also to Fig. 17, which shows a firther step in the repair

method.

The assembly further comprises a flexible connecting component for releasably

connecting the threading element 26b o the liner 86, the connecting component shown
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in Fig. 13 and given the reference numeral 96. The connecting component 96 typically
takes the form of a medical suture, but may comprise any suitable cord, wire, filament
or the like. The suture 96 can be secured to the threading clement 26b, such as by
whipping the suture around the threading element, as shown in the enlarged view of Fig.
18, the whipping indicated at 98 in the drawing. This secures the suture 96 against
movement along a length of the threading element 26b when it is drawn along the

lumen 84 of the tendon sheath 20, trailing the liner 86,

The suture 96 can be formed into a loop and can also be connected to the liner 86, such
as by whipping, as shown in the detail view of Fig. 19, the whipping illustrated by
numeral 100. The whipping 100 desirably is secured sround the liner 86 at a location
which is spaced from the first open end 92. The part of the liner 86 extending between
the open end 92 and the whipping 100 can then be folded back on itself to the position
shown in Fig. 13. This provides the advantage that the open end 92 is folded back on
itself, smoothing passage of the liner 86 along the lumen 84 and resiricting contact
between edge surfaces of the liner 86 at the open end 92, by facing the edge surfaces

away from the direction of transit.

The liner 86 in the tlustrated embodiment is elongate and generally tubular, taking the
form of a sheath, as shown in Fig 14, Whilst the liner 86 is shown as being tubular and
generally circular in cross-section, it will be undersiood that it may have any suitable
cross-sectional shape. The liner 86 desirably is formed so as 10 be collapsible, or
adapted to be flattened, for easy insertion into and transit along the lumen 84, Thisis
achieved by selection of suitable flexible materials for the liner, which include
polymeric and clastomeric materials, and/or by providing the liner with a wall thickness
which is suitable for promoting collapsing/flatiening. Suitable wall thicknesses may be

of the order of fractions of ¢ millimetre.
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Following connection of the threading clement 26b to the liner &6 using the suture 96,
the leading end 32b of the threading element 26b can be inserted into the lumen 84 at
the aperture 70 in the finger 18. The threading element 26b can then be pushed along
the lumen 84 until the leading end 32b protrudes from the opening 15 in the palm 12,
The threading element 26b can suitably be of a length which is such that the threading
element spans the entire length of the tendon sheath 20 extending between the opening
15 and the aperture 70. Accordingly, the trailing end 34b of the threading element 26b
will protrude from the opening 70 in the finger 18 afier the leading end 32b has exited
the lumen 84 through the opening 15 in the palm 12. This enables the threading
clement 26b to be drawn out of the tendon sheath 20 by grasping the leading end 32b
and pulling the threading element.

Transit of the threading element 26b along the humen 84 of the tendon sheath 20 acts to
move the liner 86 towards the opening 70 in the finger 18, due to its connection to the
threading element via the sature 96. To position the liner 86 within the tendon sheath
20, the surgeon can grasp the portion of the suture 96 which has been exposed at the
paim 12 and pull on the sature in order to draw the liner 86 into the opening 70, suitably
using medical pliers or forceps to hold the folded portion of the liner down, and to
manipulate the folded portion into the lumen 84 at the opening 70. The surgeon can
then pull on the suture 96 to advance the liner 86 into the position shown in Fig, 16,

where it spans the opening 15 and aperture 70 as described above,

The threading element 26b can then be released from the liner 86, suitably by cutting
the suture 96 and removing any portions of the suture coupled to the threading element
26b. Additionally, the surgeon can cut the liner 86 at a position which is spaced further
away from the open first end 92 then the whipping 100, so as to remove the folded and
whipped portion, thereby reopening the liner 8. However, alternatively, the whipping

100 can be removed 80 as to reopen the liner 86.
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The surgeon can then secure the suture 64 to the tendon stump 16 using the curved
needle 28 (vot shown in Fig 16), and position the curved needle and the second free end
68 of the suture 64 within the deformable part 72b of the threading element 26b.
Positioning the curved needle 28 within the deformable part 72b causes the deformable
part to adopt the deformed position shown in Fig. 16. The threading element 26b can
then be inserted back into the lumen 84, by passing the leading end 32b into the open
end 92 of the liner 86, and the threading element can be passed along the internal
passage 90 defined by the liner. The threading element 26b transits along the tendon
sheath 20 pulling the suture 64, cxiting the sheath at the aperture 70 in the finger 18. As
discussed above, the liner 86 lines the internal surface 88 of the tendon sheath 20, to

prevent contact between the threading element 26b and the sheath surface.

The curved needle 28 and the free end 68 of the suture 64 can then be removed from the
deformable part 72b of the threading element 26b, as shown in Fig. 17, The suture 64
can then be used to draw the first tendon stump 16 into the internal passage 90 defined
by the liner 82, by manipulating the tendon stump into the liner opening 92, as shown in
the drawing. The first tendon stump 16 is then drawn along the tendon sheath 20, the
liner 86 similarly serving to restrict contact between the tendon stump 16 and the sheath
surface 8§8. This continues until the first tendon stump 16 emerges from the opening 70
in the finger 18. The liner 86 can then be withdrawn from the lumen 84 of the tendon
sheath 20, by sliding the liner over the outer surface of the portion of the tendon located
in the lumen, and over the suture 64 and needle 28. The tendon stumps 16 and 22 can
then be sutured together to restore function to the tendon 14, following the procedure
discussed in detail above. In a variation, the liner 86 may remain in the lumen 84 until
after the sturnps 16 and 22 have been sutured, and is then removed by pulling on the

liner and cutting it as it is exposed from the aperture 70.

Removal of the liner from the lumen 84 can be facilitated by employing the liner §6¢

shown in Fig. 15. Like components of the liner 86¢ with the Hner 86 of Fig. 14 share

47



WO 2019/243793 PCT/GB2019/051686

16

i
W

the same reference numerals with the addition of the suffix ‘¢’. The Hner 86¢ includes a
slit 102 which extends along an entire length of the liner from its first end 92¢ to its
second end 94¢. The Huer 86¢ can be rolled or coiled about its longitudinal axis into the
shape of a tube, so as to define an internal passage 90c. The liner 86¢ can be rolled into
the tube shape by arranging a first longitudinal edge 104 so that it overlaps a second
longitudinal edge 106. The provision of a liner 86¢ having such a slit 102 facilitates
removal of the liner from the lumen 84 after completion of the tendon repair procedure,
in which tendon stumps 16 and 20 are connected, because the shit 102 enables the liner
86¢ to be drawn over the repaired tendon leaving the tendon in place within the lumen
84. In alternative embodiments, the liner 86¢ need not be rolled or colled, and instead
the first longitudinal edge 104 can abut or be in close proximity to the second

iongitudinal edge 106.

Variations on the method of coupling the suture 96 to the threading element 26b are
shown in Figs. 18, 20 and 21. In Fig. 18, the suture is whipped and securely knotted on
the external surface of the sheath covering the threading element. In Fig. 20, the suture
86 is whipped directly to the outer surface 82 of the spring 36b, and the sheath 78
located over the whipping 98 to trap the suture between the outer surface 82 and the
inner surface 80 of the sheath 78. For example, at least a portion of the suture 96
extending along or around the spring 36b can be captured between the spring and the
sheath 78 when the sheath is formed from a layer of a heat shrink polymer around the
spring. In Fig. 21, the suture 96 ends 108 and 110 are inserted thmugh an internal
passage 112 detined by the spring 36b and through an open end 114 of the spring, and
then passed away from the open end along the outer surface 82 of the spring. The
sheath 78 is then located over the suture ends 108 and 110, trapping them between the
outer sarface 82 of the spring 36b and the inner surface 80 of the sheath 78. Ina
variation on the option shown in Fig. 20, ends of the suture 96 can be positioned along
the outer surface 82 of the spring 36b (without being whipped to the spring) and are

trapped by the sheath 78. In a variation on the option shown in Fig. 21, the suture ends
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108 and 110 may also be whipped to the spring 36b, after exiting the open end 114,
Further variations can be envisaged based on combinations of the options discussed

above.

In the method described above, the same threading element 26b is used to position the
hiner 86 within the tendou sheath and to thread the needle and the suture 64 through the
liner 86. However, in alternative embodiments, two threading elements 26b can be used
to perform these two steps. Moreover, in still alternative embodiments, a different type
of threading element can be used to position the liner 86 within the tendon sheath than
is used to thread the needie and the suture through the liner. For example, the threading
element used to position the liner 86 within the tendon sheath need not have a curved
portion or a portion that is deformable to form a curved shape when a needle is inserted
into the threaded element. Thus, the threading element used to position the liner 85
within the tendon sheath can comprise an elongated body {e.g., a tubular body)} and a
connecting component {€.g., a suture or wire, such as in the form of a loop) connected
to the clongated body, wherein the connecting component is configured to be releasably

coupled to a liner as described herein.

Figs. 22, and Figs. 23A/B and 24 show alternative liners 86d and 86¢. Like components
of the liners 86d and 86¢ with the liner 86 shown in Figs. 13 to 17 and described above
share the same reference numerals, with the addition of the suffixes ‘d’ and ‘¢’

respectively.

The liner 86d comprises a sheath lining portion 116 adapted to be located within the
fumen 84 for lining the tendon sheath 20, and a pulling portion 118 extending from the
fumen lining portion. The pulling portion 118 can be used to pull the sheath lining
portion 116 into and along the lumen 84 before being severed, leaving the lining portion
within the lumen. The pulling portion 118 can have a length which is greater than, or

substantially equal to, a length of the sheath lining portion 116. The threading element
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26hb can be coupled to the pulling portion 118, such as using the connecting component
96 as described above, and used to draw the pulling portion into the lumen 84 in the
fashion described above. The pulling portion 1138 is then used to draw the sheath lining
portion 116 into the humen 84, by pulling an end 120 of the pulling portion 118 out of
the lumen 84. The pulling portion 118 can be gripped by a surgeon and used to pull the
sheath lining portion 116 into the lumen 84. The sheath lining portion 116 can be
substantially tubular, and the pulling portion 118 can comprise one or more elongate
strips, legs or the like, which extend from the tubular lamen lining portion, and which
can be provided integrally with the lining portion. In certain embodiments, the liner
864 can be coupled to the threading element 26b by inserting the liner 864 partially into
the loop formed by the connecting component 96 and folding the portion 118 over the
foop against the portion 116, such as at a location on or adjacent a tapered transition

section 122 between portions 116, 118,

The pulling portion 118 can be of redoced width Wp in comparison to a width Wy of the
lining portion 116¢, which may facilitate insertion of the liner 86d into the lumen 84 of
the tendon sheath 20, and transit of the liner along the lumen. This is typically achieved
by cutting away sections 119 and 121 of the tubular structure of the liner 86d.
Optionally, edges of the legs forming the pulling portion 118 can be sealed together, for
example by preforming the cutting procedure using a hot knite. Sealing the edges may
further facilitate insertion of the liner 864 into the lumen 84, and transit along the
tendon sheath. Sealing the edges of the legs in this way may close the liner 86d in the
region of the pulling portion 118, However, it will be understood that the pulling
portion 118 can subsequently be cut away, to reopen the liner passage 90 {so that it can

received the tendon stump 16 and threading element 26b}.

Fig. 23 A shows the liner 86e, which is g variation on the liner 86d in which a length of
a pulling portion 118e¢ is less than a length of a sheath lining portion 116e. Fig. 238
shows the suture 96 coupled to the liner 86¢, optionally by folding over a part of the

O
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iner including an open end 92¢, and securing the folded part using whipping 124 and
126 which passes around the folded portion. The liner 86¢ is folded in the region of the
pulling portion 118e, which maintains the reduced width (Wp in Fig. 22) at the end of
the liner 86e, facilitating insertion into, and transit along, the humen 84 of the tendon
sheath 20. It will be understood that other coupling methods may be emploved, which

may not involve folding of the liner 86¢ in this way.

Figs 24A and 248 show au alternative liner, which may have a use in the repair of two
severed tendons. The liner is indicated by reference numeral 86f. Like components of
the liner 861 with the liner 86 shown in Figs. 13 to 17 and described above share the

same reference numerals, with the addition of the suffix “P.

'The liner 86f can be coupled to a connecting component 96 of a threading element {e.g.,
the threading element 26b) so as to define two tendon sheath lining portions 138 and
140. The liner 86f has a first end 142 and a second end 144, and coupling is achieved
by connecting the liner to the connecting component 96 at a point 146 along a length of
the liner botween the first and second ends, suitably at or proximate a midpoint of the
liner. A length of each tendon sheath lining portion 138 and 140 is substantially the
same, although the lengths could be different, provided that they are sufficiently long to
line the tendon sheath 20 (or at least the part of the tendon sheath extending between the
surgical openings 15 and 70). The tendon sheath lining portions 138 and 140 serve for
receiving the tendon stumps of respective tendons, which are normally located in the
tendon sheath 20, It is well known that the tendon sheath 20 in the finger 18
accommodates more than one tendon. The assembly comprising the liner 86f can
therefore enable the two tendon sheath lining portions 138 and 140 to be located in the

tendon sheath 20, for use where both of the finger tendons are to be repaired.

The liner &6f alse comprises a body 148 extending between the first and second

ends 142 and 144. The first fendon sheath lining portion 138 extends from the first end

o
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142 towards a part 118f of the liner disposed between the first and second ends, and
which will form a pulling portion. The second tendon sheath lining portion 140 extends
from the second end 144 towards the part 118{ The first and second tendon sheath
lining portions 138 and 140 cach have a width Wi, and the part 118f has a width Wg;
which is less than the widih of the first and second tendon sheath lining portions. The
width of the first tendon sheath lining portion 138 is suitably the same as {(or

substantially the same as) the width of the second tendon sheath lining portion 140,

Although less desirable, in alternative embodiments, the liner 86f can have constant

width or a substantially constant width from the first end 142 to the second end 144,

The part 118f comprises a main section 130 of substantially constant width, a first
transition section 152 extending between the main section 150 and the first tendon
sheath lining portion 138, and a second transition section 154 extending between the
main section 150 and the second tendon sheath lining portion 140. The transition
sections 152 and 154 have 2 width which progressively increases from the width Wpy of
the main section 150 to the width Wiz of the respective tendon sheath lining portion
138, 140. Typically, this will be achieved by cutting away sections of the tubular

structure of the liner 861, as described above.

The liner 86f is adapted to be releasably coupled to the threading element 26b, in
particular the flexible connecting component 96, in the part 113 Where the flexible
connecting component 96 is formed into a loop, the liner 86f is releasably coupled to
the threading element by folding it over the loop at the part 118 The liner 861 is then
drawn into the tendon sheath 20 as described above. The first and second tendon sheath
lining portions 138 and 140 can then be separated from one another, suitably by
severing the liner 86f. This may be achieved by removing the portion 118, for example
by cutting the liner at the location 158, to the left of the transition portions 152 and 154

in Fig, 248,
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In a variation on the Hoer 86f, which is shown in Fig. 24C, the portion 18f comprises
the first transition section 152 extending from the first tendon sheath lining portion 13§,
and the second transition section 154 extending from the second tendon sheath lining
portion 140, the second transition section being coupled to the first transition section,
The transition sections 152 and 154 have a width which progressively increases from a
width Wi defined at an intersection 156 between the transition sections, to the widih

Wiz of the respective tendon sheath lining portions 138 and 140.

The liner embodiment 86f shown in Figs, 24A to C effectively comprises two tubular
liners unitanly and symmetrically connected by two transition sections 152 and 154,
reducing in width to form a section of uniform width 118{, similar to that of the pulling
portion shown as 118 in Fig. 22 and Figs. 23A and B. Fig 248 shows how the liner 86f
is coupled to the loop 96 connected to the threading element 26b. The liner 86{ may be
formed by removing material from the middle portion of a long tubular liner. Also, itis
acceptable not to have the narrowed section of 1181 shown in Figs. 24A and B, but 1o
include only the transition sections 152 and 154 as in Fig. 24C. This embodiment has
two advantages: (i} simpler coupling and decoupling of the lner to the loop extending
from the threading needle; and (ii} as two full length liners would be placed in the
fumen of the tendon sheath, it would be possible to repair two ruptured tendons in the
same finger (this occurs with some frequency), and in this case each liner would
facilitate the delivery of one tendon stump at a time from the palm to the {inger tip,

again following the procedure that has been described elsewhere.

Turning now to Figs. 25 and 26, there arc shown side views of an assembly in
accordance with another embodiment of the present disclosure. The assembly may be
employed in a method of retrieving a tendon stump of a severed tendon, which involves

lining the tendon sheath as a preparatory step to repairing the severed tendon. The
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assembly and method will be described with reference fo the repair of a severed tendon

in the hand, as described above.

In the illustrated embodiment, the assembly comprises a threading element 26b which is
adapted to transit along a lumen 84 of the tendon sheath 20. The threading element 26b
is provided by the needle covering and carrying device shown in Fig. 12 and described
above, and so is indicated by the same reference numeral. It will be understood that
further features of the threading element 26b are outlined above. Other threading

elements may, however, be emploved.

The assembly again comprises a liner for lining an internal surface 88 of the tendon
sheath 20, the liner indicated generally by reference numeral 86f.  Like components of
the liner 861 with the liners 86 to 86e share the same reference numerals, with the suffix
“©. The liner 861 defines an internal passage 90f along which a tendon stump can pass
during transit along the lumen 84, and again acis to prevent contact between the tendon

stumyp and the internal surface 88 of the tendon sheath 20.

The liner 86f is similar to the Hners 86 to 86¢ shown in Figs, 13 to 24 and described
above, but is connected to the threading element 26b in a different way. Specifically,
the liner 861 comprises a sheath lining portion 116f adapted to be located within the
fumen 84 (for lining the tendon sheath 20}, and a pulling portion 118f extending from
the lumen lining portion. In this embodiment, the pulling portion 118fis folded over
the loop formed by the suture 96, but is secured by fixing a folded part 128 of the
pulling portion 118f to a main part 130 of the liner 861, suitably by welding {e.g.

application of heat) or using an adhesive, as shown at 132 in Fig. 28,

The liner 86{ has a collapsed, rest configuration in which it is adapted o be inserted into
the lumen of the tendon sheath, and an expanded, operating configuration. It will be

understood that this can also be the case for the other liners disclosed herein. The liner
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86t is shown in the collapsed, rest configuration in the perspective view of Fig. 25A,
and in the expanded, operating configuration in Fig. 25B. The liner 86fis movable to
the radially expanded configuration by contact with a tendon stump, in this case the first

tendon stump 16 in the palm, as it moves along the lumen 84 of the tendon sheath 20.

In the collapsed configuration, the liner 86f is substantially flat {optionally taking the
form of a lay-flat tube), having a width W and a height H, the width being greater than
the height. During movement to the radially expanded configuration, the internal
passage 90f defined by the liner 86f becomes enlarged or opens up, so that the liner
becomes more rounded (circular or elliptical) in shape. This causes the width W to
decrease and the height H to increase. This may be achieved by flattening the liner 6%,
for example by winding it on to a reel prior to connecting it to the threading element
26b. This may cause the liner to have longitudinally extending sears or fold lines 134
and 136, spaced apart around a perimeter of the liner (although the seams may be
deliberately formed, e.g. prior to winding on to a reel, if used}, so that the liner looks

like a flat tape when unreeled.

The “lay-flat’ structure of the liner 86f offers significant advantages over the dilation

catheter disclosed in US-2013/0144310A1, in that avoids the over-dilation of tendon

pulleys which can occur when using the rigid dilation catheter disclosed in the

document, thereby reducing a risk of damage/rupture of the pulleys.

Typically, in particular embodiments, the liner 68 can have a wall thickness in the
range of around (.05 to around 0.2mm, and so the height H in its collapsed (flat), rest
configuration may be relatively small, for example, in the range of around 0.1 to around
(.4mm (potentially up to around, for example, 0.5mm depending upon how much the
passage 90f is closed in the collapsed configuration). This ensures that the liner 86¢
occupies only a small portion of the lumen 84, and so does not interfere with or

constrain transport of the tendon stump 16 along the lumen. In particular embodiments,

k¥
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the width W in comparison can be in the range of from about 5 to about 10mm.
Suitable materials for the liner 86f include polymeric materials, particularly low density
polyethylene, which may be suitable for heat welding to connect it to the threading
clement 26b, and may facilitate flattening of the tube. In particular embodiments, a
ratic of the height H to the width W can be in the range of from about 1:100 to about

1:10 (where W is from 5 to 10mum and H is from ¢.Imm to 0.5mm}.

Forming the liner 861 s0 that it has a collapsed configuration can facilitate insertion of
the liner into the lumen 84 of the tendon sheath 20, in that the height H is relatively
small, and significantly smaller than the width W, when in this configuration.
Subsequent movement of the Hner 861 to the expanded configuration (as the tendon
stump 16 passes along the internal passage 90f) cnables passage of the stump 16 along
the liner whilst ensuring that the Hner does not come into contact with the pulleys or
internal surface 88 of the tendon sheath 20, the liner therefore acting to line the internal

surface.

Fig. 26 shows the assembly following disconnection of the liner 861 (which resides in
the lumen 84 of the tendon sheath 20), and following location of the curved needle 28
within the portion 72b of the spring that forms the body 36b, irailing the suture 64. As
shown, the first end 32b of the body 36b defined by the spring is rounded, to assist
navigation along the lumen 84, This may be achieved by suitable treatment of the outer

slesve 78, for example the application of heat.

- Figs. 27 to 30 illustrate steps in a method of retrieving the tendon stump 16 from the

palm 12 to a location proximate the second tendon stump 22 {not shown in these
drawings) in the finger 18, employing the assembly of Figs. 25 and 26. The method is

similar {o the relevant steps of the method shown in Figs. 13 to 21 and described above.
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Fig. 27 shows the assembly with the liner 86f connected to the threading clement 26b
via the suture 96, the threading element being used to draw the liner into the lumen 84
of the tendon sheath 20. Fig. 28 shows the hiner 86f located in the lumen following
disconnection of the liner from the threading element 26b (for example by cutting away
the puliing portion 118f at a position spaced further along the liner from the
welded/glued point 132 and then removing the suture 96 from the threading element),
subsequent to connection of the suture 84 to the tendon sturp using the curved needle
28, and subseguent to location of the needle 28 and the trailing end of the suture 64
within the intemal cavity 38 (the tendon stump 16 is located behind the liner 86f in FIG.
283 Fig. 29 shows the threading elemeant 26b inserted into and directed along the
internal passage 901 defined by the liner 86 (Jocated in the lumen 84 of the tendon
sheath 20) trailing the tendon stwinp 16. Fig. 30 shows the tendon stump 16 being
drawn along the internal passage 90f of the liner 86f, the threading element 26b having
exited the aperture 70 in the finger 18, As will be understood from the foregoing
description, the tendon stump 16 can then be sutured to the tendon stump 22 (not shown

in these drawings) in the finger 18 to complete a repair procedure.

Various modifications may be made to the foregoing without departing from the spirit

or scope of the present invention.

For example, the body may comprise a sidewall, An opening may be formed in the
sidewall which communicates with the cavity. The needle may be insertable into the

cavity through the opening,

The cavity may extend part way along a length of the body. The cavity may extend
from one of the first and second ends in a direction towards the other one of the frst and
second ends. Where the second end is a tratling end, the cavity may extend from the

second end towards the first end.
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The device of the present invention has been shown during ase in the repair of a
damaged tendon in the hand (particularly, but not imited to, a severed tendon). It will
be undersiood, however, that the device and method disclosed in this document may
have a use in the repair of other tendons in the human or animal body. In general terms,
the device and method may have a use in any surgical tendon repair technigue which
would benefit from the use of a curved needle to attach tendon sturops together and so
repair the tendon, and which requires passage of the needle within a lumen of the

tendon sheath.
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CLAIMS

k. A needle covering and carrying device for covering a curved needle and
carrying the needle within a lumen of a tendon sheath, the device comprising an
elongate element having:

a first end;

a second end opposite the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a curved needle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage
through contact with the tip during passage of the needle within the sheath;

in which at least part of the body is pre-curved to accommodate the curved
needle or is deformable and capable of being deformed into a curved shape so that it can

accommaodate the curved needle.

2. A device as claim in claim 1, in which the first end of the body is a leading end
and the second end is a trailing end, the trailing end being open and communicating

with the cavity.

3. A device as claimed in either of claims { or 2, in which the body forms a
threading element adapted to transit along the tendon sheath, the body comprising a
portion defining the threading element, and a portion which forms a cover for the needle

and which is capable of being deformed into the curved shape.

4, A device as claimed in claim 3, wherein the cover is more flexible than the

portion of the body that defines the threading element.

S. A device as claimed in any preceding claim, comprising an outer sheath having

an inner surface which is disposed in contact with an outer surface of the body, the
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outer sheath extending part way along a length of the body from the first end of the

device in a direction towards the second end.

6. A device as claimed in claim §, in which the outer sheath covers the first end,

and the second end is not covered by the cuter sheath.

7. A device as claimed in claim 6, in which a portion of the body including the

second end defines the cavity, and the portion is not covered by the outer sheath,

8. A device as claimed in any preceding claim, in which at least a part of the body

defining the cavity is elastically deformable.

9. A device as claimed in claim 8, in which at least said part of the body takes the

form of a helically wound spring.

1. A device as claimed in claim 9, in which the spring comprises a plurality of coils

arranged so that the coils are in abutment, at least in a rest state of the spring.

i, A device as claimed in claim 1, in which the at least part of the body that

accommodates the curved needle is pre-curved.

12, An assembly for use in repairing a severed tendon, the assembly comprising:

a threading element adapted to transit along a lumen of a tendon sheath; and

a liner for lining an internal surface of the tendon sheath, the liner defining an
internal passage along which a tendon stump can pass during transit along the lumen,
the liner acting to restrict contact between the tendon stump and the internal surface of
the tendon sheath;

in which the Huoer is adapted to be releasably coupled to the threading element so

that it can be drawn into the tendon sheath by the threading element and located within
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the lumen, and then released from the threading element so as to reside within the

fumen.

13 An assembly as claimed in claim 12, comprising a needle covering and carrying
device for covering a curved needle and carrying the needle within the lumen of the
tendon sheath, the needle covering and carrying device comprising an elongate element
having:

a first end;

a second end opposite the first end; and

a body extending between the first and second ends, the body defining an
internal cavity for accommodating a curved needle so that at least a penetrating tip of
the needle is disposed within the body, to protect the tendon sheath from damage

through contact with the tip during passage of the needle within the sheath,

14, An assembly as claimed in claim 13, in which the body is at least partly
deformable, and capable of being deformed into a curved shape so that it can

accomunodate the curved needle.

15. An assembly as claimed in claim 14, in which the body forms the threading
element, the body comprising a portion defining the threading element and a portion

which forms a cover for the needle.
16, An assembly as claimed in any one of claims 12 to 15, in which the liner
comprises an outer surface adapted to contact the internal surface of the tendon sheath,

and an inner surface which defines the internal passage.

17.  An assembly as claimed in any one of claims 12 to 16, in which the liner

comprises a first axial end and a second axial end, and a slit extending along a length of
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the liner from the first axial end 1o the second axial end, to facilitate removal of the liner

from the lumen following completion of a tendon repair procedure.

i8. An assembly as claimed in any one of ¢laims 12 to 17, in which the liner
comprises a sheath lining portion adapted (o be located within the lumen of the tendon
sheath, and a pulling portion extending from the lumen lining portion and adapted to be

used to pull the sheath lining portion into and along the lumen.

19. An assembly as claimed in claim 18, in which the threading element is adapted

to be coupled to the pulling portion, and used to draw the pulling portion into the lumen.

20.  An assembly as claimed in claim 1§, in which the pulling portion is adapted to

be gripped by a user to pull the sheath lining portion inio the lumen.

21 An assernbly as claimed in any one of claims 18 to 20, in which the sheath
lining portion is substantially tubular and the pulling portion comprises one or more

elongate legs which extend from the substantially tubular sheath lining portion.

22, Ansssembly as claimed in any one of claims 12 to 21, in which the threading
element takes the form of a spring, and the threading element further comprises an outer
sheath having an inner surface which is disposed in contact with an outer surface of the

spring.

23. An assembly as claimed in any one of claims 12 to 22, comprising a flexible

connecting component for releasably connecting the threading element to the liner,

24, An assembly as claimed in claim 23, in which the flexible connecting

component comprises a loop, and the liner is folded over a portion of the loop.
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25, An assembly as claimed in any one of claims 12 to 24, in which the liner is
coupled to the threading element 0 as to define two tendon sheath lining portions, each
tendon sheath lining portion serving for receiving the tendon stumps of respective

tendons.

26, An assembly as claimed in claim 235, in which the liner has a first end and a
second end, and is coupled to the threading element at a point along a length of the liner

between the first-and second ends.

27, An assembly as claimed in either of claims 25 or 26, in which the liner
comprises a first tendon sheath lining portion extending from the first end towards a
part of the liner disposed between the first and second ends, and a second tendon sheath
lining portion extending from the second end towards the part disposed between the

first and second ends,

28.  Anassembly as claimed iu claim 27, in which the first and second tendon sheath
lining portions each have a width, and the part disposed between the ends has a width

which is less than the width of the first and second tendon sheath lining portions.

29. An assemably as claimed in claim 27, in which said part of the liner comprises: a
main section of substantially constant width; a first transition section extending between
the main section and the first tendon sheath lining portion; and & second {ransition

section extending between the main section and the second tendon sheath Hning portion.
30, An assembly as claimed in claim 29, in which the transition sections each have a

width which progressively increases from the width of the main section to the width of

the respective tendon sheath lining portion.
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31, An assembly as claimed in claim 27, in which said part of the liner comprises: a
first transition section extending from the first tendon sheath lining portion; and a
second transition section extending from the second tendon sheath lining portion and
coupled to the first transition section; and in which the transition sections each have a
width which progressively increases from a width defined by an intersection between

the transition sections, to the width of the respective tendon sheath lining portions.

32, A method of retrieving g tendon stump of a severed tendon, the method
comprising the steps oft

passing a curved needle connected to a suture through a first tendon stump, to
connect the suture to the first tendon sturup;

providing a needle covering and carrying device comprising an elongate element
having a first end, a second end opposite the first end, and a body extending between
the first and second ends, the body defining an internal cavity;

locating at least a penetrating tip of the curved needle within the cavity defined
by the body, so that the tip is covered by the device;

inserting the first end of the elongate element into a tendon sheath;

directing the elongate element along the tendon sheath carrying the needle and
the suture, towards a second tendon stump spaced along the sheath {rom the first tendon
stump;

removing the needie covering and carrying device from the iendon sheath;

removing the needle from the cavily in the body;

drawing the first tendon stump along the tendon sheath using the suture, to a
position proximate the second tendon stump, so that the tendon stumps can be

connected,

33, A method as claimed in claim 32, comprising locating a free end of the suture

within the cavity defined by the body and, following removal of the elongate element
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from the tendon sheath, removing the needle and the end of the suture from the cavity in

the body.

34. A method as claimed in either of ¢laims 372 or 33 in which, prior to insertion of
the elongate threading element into the lumen, the method comprises:

releasably coupling the elongate threading element to a liner defining an internal
passage;

inserting the elongate threading element into a lumen of a tendon sheath trailing
the liner behind it; and

directing the elongate threading element along the humen of the tendon sheath to
draw the liner into the lumen, and locating the liner in the tendon sheath so that it lines

an internal surface of the tendon sheath.

35. A method as claimed in claim 34, comprising subsequently removing the
elongate threading element from the lurnen of the tendon sheath and releasing the liner

from the threading clement leaving the liner in place within the lumen.

36, A wmethod as claimed in claim 35 in which, following location of the curved
needle in the internal cavity, the method comprises:

inserting the first end of the elongate threading element into the internal passage
of the liner, and directing the threading element along the internal passage carrying the
needle and the suture towards the second tendon stump;

and then drawing the first tendon stump along the internal passage of the liner

using the suture to the position proximate the second tendon stump.

37, A method as claimed in any one of ¢laims 34 to 36, in which the liner has a
collapsed, rest configuration and an expanded, operating configuration; in which the

liner is inserted into the lumen of the tendon sheath in the collapsed configuration; and
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in which the first tendon stump moves the liner toward the expanded configuration

during movement along the internal passage of the liner.

38, A method as claimed in claim 35, in which the elongate threading element is
releasably coupled to the liner via a flexible connecting component extending between

the threading element and the liner.

38. A mcthod as claimed in claim 38, in which the step of releasing the liner from
the threading element comprises severing a portion of the liner that is connected to the
flexible connecting component from a remainder of the liner, leaving the liner in place

within the lumen.

40, A method as claimed in any one of claims 34 to 39, in which the liner defines
two tendon sheath lining portions, for use in the repair of two severed tendons that are
normally located in the lumen of the tendon sheath, the tendon sheath lining portions

serving for receiving the tendon stumps of respective tendons,

41. A method as claimed in claim 40, in which the liner has a first end and a second
end, and the liner is coupled to the threading element at a point along a length of the
liner between the first and second ends, by folding the liner at said point to thereby

define the two tendon sheath lining portions.

42. A method as claimed in claim 41, in which the elongate threading element is
releasably coupled to the liner via a flexible connecting component extending between
the threading element and the liner, by folding the liner at said point around a loop

defined by the flexible connecting component.

43, A method comprising:
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advancing g liner through a lumen of a tendon sheath such that the liner extends
the length of the tendoun sheath from a first opening at a first end of the tendon sheath to
a second opening at a second end of the tendon sheath;

advancing a needle through the liner, wherein the needle is connected to a first

tendon stump by a suture.

44, A method as claimed in claim 43, further comprising drawing the first tendon
stump through the liner and suturing the first tendon stump to a second tendon stump

with the needle.

45, A method as claimed in claim 44, wherein advancing the liner through the
tumen of the tendon sheath comprises coupling the liner to a threading element and
advancing the threading element through the lumen so as o draw the liner through the

lumen.

46. A method as claimed in claim 45, wherein coupling the liner to the threading
element comprises folding the liner around a loop element extending from one end of

the threading element,

47. A method as claimed in ¢laim 46, wherein:

folding the liner forms first and second liner portions that are drawn through the
lumen by the threading element;

subsequent to drawing the first and second liner portions through the humen,
separating the first and second liner portions from each other;

advancing the needle through the liner comprises advancing the needie through
the first liner portion, while the needle is connected to the first tendon stump by a first
suture, after which the first tendon stump is drawn through the lumen and then sutured

to the second tendon stump,
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48. A method as claimed in claim 47, further comprising advancing the needle or
another needle through the second liner portion, while the needle or the another needle
is connected to a third tendon stump by a second suture, after which the third tendon
stump is drawn through the second liner portion and then sutured to a fourth tendon

stump.

49, A method as claimed in claim 43, wherein:

the needle is curved;

advancing the needle through the liner comprises inserting the needle into an
end portion of a needle covering and carrying device such that a penetrating tip of the
needle is covered by the device, wherein the end portion of the device is pre-curved or
deformable to a curved configuration to accommodate the needle, and advancing the

device along with the needle through the liner.

50, A method as claimed in claim 49, whereimn:

advancing the liner through the lumen of the tendon sheath comprises coupling
the liner to the needle covering and carrying device and advancing the device through
the lumen so as to draw the liner through the humen;

removing the device from the liner, and subsequently using the device to

advance the needle through the liner.

51, A method as claimed in claim 49, wherein the end portion of the device is
deformable such that inserting the needle into the end portion causes the end portion to

assume the curved configuration.
52. A kit for use in repairing a severed tendon, the kit comprising:

an elongated tubular liner defining a lurven, the liner being radially collapsible

or foldable to a reduced diameter for insertion through a tendon sheath and expandable
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to accommodate a needle advanced through the liner when the liner is positioned in the

tendon sheath.

53, A kit as claimed in claim 52, further comprising a threading device configured

to draw the liner through the tendon sheath.

54, A kit as claimed in claim 53, wherein the threading device comprises a loop

element that releasably couples the liner (o the threading device.

35, Akitas claimed in claim 54, wherein the loop element comprises a wire.
56.  Alkitas claimed in any one of claims 52 to 55, wherein a first end portion of the

threading device is configured to at least partially receive a curved needle.
37.  Akitas claimed in claim 56, wherein the first end portion of the threading
device is deformable such that it assumes a curved configuration when the needle is

inserted into the end portion.

58 Akitas claimed in claim 57, wherein a second end portion of the threading

device is less flexible than the first end portion.

59. A kit as claimed in claim 56, wherein the first end portion of the threading

device is pre-curved to accommodate the needle.

60. A kit as claimed in clairo 52, wherein the liner is made of a polymeric material.

61.  AKkit as claimed in claim 33, wherein the threading device comprises a tubular

body.
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