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(57) Abstract: Various embodiments relate to a mini cable tensioner for introducing tension on a cable, the mini cable tensioner
including a tensioning tube, a tensioning grip, including a collet opener as an internal structure of the tensioning grip, a tensioning
unit, including a collet axially positioned in a cone sheath, a tensioning rod having a proximal end connected to an end stop nut and
a distal end connected to the cone sheath, a tensioning nut rotatable on the tensioning rod, an inner spring configured to actuate the
collet in a first direction, and an outer spring configured to actuate the tensioning rod in a second direction, the second direction being

opposite to the first direction.
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MiINI CABLE TENSIONER FOR ORTHOPEDIC CABLE TENSIONING

TECHNICAL FIELD
5001]  Th

7z

disclosure relates generally to the tensioring and crimping of a cable, and more
specitically, but

not exclusively, to introducing tension onto orthopedic cables and fixating
corresponding crmps on the tensioned cable to retain the cable tension.
BACKGROUND
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tensioning, crimping and cutting the cable to squeeze the bone segments together. A significant
2, 4 B gt &

drawback of these systems is that they require access around the entire bone.

SUMMARY OF EXEMPLARY EMBODIMENTS
[0005] A brief summary of vanous embodiments is presented below. Embodiments address the

need to tension and crimp in-hne orthopedic cables.

3006] In order to overcome these and other shortcomings of the prior art and v light of the
need for a tensioning tool and a crumping tool for introducing tension on an orthopedic cable and
crimping a camp onto an orthopedic cable, a brief sumumary of various exemplary embodiments s
presented. Some simphifications and onussions may be made in the following summary, which is
intended to highlight and mtroduce some aspects of the varnious exemplary embodiments, but not to
lirut the scope of the mvention. Detailled descriptions of a preferred exeroplary ercbodiment
adequate to allow those of ordinary skill in the art to make and use the inventive concepts will
follow 1 later sections.

[0007] Various embodimnents described herein relate to a mini cable tensioner for introducing
tension on a cable, the muni cable tensioner including a tensioning tube, a tensioning grip, including
a collet opener as an internal structure of the tensioning grip, a tensioning unit, including a collet

axially positioned in a cone sheath, a tensioning rod having a prozimal end connected to an end stop
nut and a distal end connected to the cone sheath, a tensioning nut rotatable on the tensioning rod,

an mnner spring configured to actuate the collet 1n 2 first direction, and an outer spring configured to
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actuate the tensioning rod in a second direction, the second direction being opposite to the tirst

direction.
[0008] It an embodiment of the present disclosure, the tensioning unit further includes a

ouiding cam connected to the cone sheath.
[0009] In an embodiment of the present disclosure, the cable is configured to pass through the
tensioning tube, the tensioning grip, the collet

the tensioning rod and the end-stop nut.

5

0010] In an embodiment of the present disclosure, the coliet 1s configured to radially contract
when the mnner spring pushes the collet into the cone sheath.
[0011] I an emmbodiment of the present disclosure, rotation of the tensioning nut in a clockwise

direction towards the distal end increases tension on the cable and rotation in a counter clockwise
direction of the tensioning nut towards the proximal end decreases tension on the cable.

[0012]

It an embodiment of the present disclosure, the end stop nut includes a plurality ot
tixation slots on the proximal end of the end stop nut.

[0013] In an embodiment of the present disclosure, tensioning stop slots at the distal end of the
tensioning nut and the tensiorung stop bolts 10 the tensioning grp interact to stop any axial
displacement and rotation of the tensioning nut relative to the tensioning grip and prevent tensile
torce greater than 600N.

{0014 It an embodument of the present disclosure, tensioning is smooth and stepless between
0 and 600N of a cable.

[0015] In an embodiment of the present disclosure, tensioning is uniaxial without radial

deflection of the cable.
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3016] In an embodiment ot the present disclosure, the tensioning tube is configured to be
straight or curved based on the type of intervention required.

{0017 It an embodiment of the present disclosure, the tensioning tube 1s configured to be
ditterent lengths based on the type of intervention required.

[0018] In an embodiment of the present disclosure, tensioning tube is contigured to be different
diameters based on the type of mtervention required.

3019] In an embodiment ot the present disclosure, the tensioning tube is configured to be
different matenals based on the type of intervention required.

[0020] I an embodiment of the present disclosure, the tensioning tube 1s configured to

transmit 4 torsional moment based on the type of mtervention required.

is contigured to be

jo)
o

[0021] In an embodiment of the present disclosure, the tensioning tu

-

connected with a distal end of the rensioning grip.
[0022] In an embodiment of the present disclosure, the tensioning grip is configured to be
connected with a distal end of the tensioning unit.

[0

It an embodiment of the present disclosure, the tensioning grip 1s configured to be
connected with a proximal end of the tensioning tube.
[0024] In an embodiment of the present disclosure, the tensioning unit is configured to be

connected with a proximal end of the tensioning grip.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The accompanying figures, where hke reference numerals refer to identical or
tunctionally sirmlar clements throughout the separate views, together with the detaded description
below, are incorporated in and form part of the specification, and serve to further dlustrate
embodiments of concepts that include the claimed invention, and explain various principles and

advantages of those emboduments.

(026] These and other more detalled and specific features of the mvention are more ful

disclosed in the following specification, reference being had to the accompanying drawings, in

which:
[0027] FIG. 1A 15 a sectional side view of the tensioning and crimping tool;
[0028] FIG. 1B 1s a top view of the tensioning and crimping tool;
[0029] FIG. 1C 15 a perspective view of the tensioning and crmping tool;
[0030] FIG. 2A llustrates a view of the trigger-handle;
[0031] FIG. 2B dlustrates a sectional side view of the housing;
[0032] FIG. 3A illustrates a side view of the inner crimping tube;
[0033] FIG. 3B illustrates a view of the distal end of the inner crimping tube;
[0034] FIG. 3C sdlustrates a side view of the outer crimping tube
{0035 FIG. 3D lustrates a view of the distal end ot the outer crimping tube;
[0036] FIG. 4A 15 a sectional side view of the tensioning unit;

[0037] FIG. 4B 15 a top view of the tensioning unit;

(0038

FIG. 4C 15 a proximal view of the tensioning unit;
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(039] FIG. 4D 1s a distal view of the tensioning unit;

[0040] FIG. 4E 15 a perspective view of the tensioning unit;

[0041] FIG. 4F 15 a sketched sectional side view of the tensioning sectior;
(042 FIG. 4G 1s an exploded view of the tensioning unit;

[0043] FIG. 5A is an exploded sectional side view of the muni cable tensioner;
{0044 FIG. 5B is a side view of the mint cable tensioner;

(045] FIG. 5C 1s a top view of the mim cable tensioner;

[0040] FIG. 6A is a proximal view of the tensioning grip;

[0047] FIG. 6B 1s a sectional side view of the tensioning grip;

[0048] FIG. 6C 15 a perspective view of the tensioning grip;

]

[0049] FIG. 6 15 a top view of the tensioning grip.

[0050] Skilled artisans will appreciate that elements in the figures are llustrated for simplicity

5 -

and clarity and have not necessarily been drawn to scale. For example, the dimensions of some of
the elements in the figures may be exaggerated relative to other elements to help to improve
understanding of embodiments of the invention.

[0051] The apparatus and method components have been represented where appropuate by
conventional symbols i the drawings, showing only those specific details that are pertinent to
understanding the embodiments ot the present disclosure so as not to obscure the disclosure with

details that will be readily apparent to those of ordinary skill in the art having the benefit of the

description herein.
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DETAILED DESCRIPTION OF THE INVENTION

[0052] It should be understood that the figures are merely schematic and are not drawn to scale.
It should also be understood that the same reference numerals are used throughout the figures to
indicate the same or simular parts.

[0053] The descriptions and drawings illustrate the puanciples of various example ernbodiments.
It will thus be appreciated that those skilled in the art will be able to devise various arrangements
that, although not explicitly described or shown herein, embody the prnciples of the mvention and
are inchuded within its scope. Furthermore, all examples recited herein are principally intended
expressly to be for pedagogical purposes to aid the reader in understanding the pancples ot the
invention and the concepts contributed by the inventor(s) to furthering the art, and are to be

construed as being without limutation to such specifically recited examples and conditions.

Additionally, the term, “or,” as used herer

, , refers to a non-exclusive or (i.e., and/or), unless
otherwise indicated (e.g., “or else” or “or i the alternative”). Also, the various embodiments
described herein are not necessarily mutually exclusive, as some embodiments can be combined with
one or mote other ernboduments to form new embodiments. Descriptors such as “fust,” “second,”
“third,” etc,, are not meant to limit the order of elements discussed, are used to distinguish one
element from the next, and are generally interchangeable.

{0054 The tensiomng and crimping tool 100 provides a convenient and effective system for
securing two segments of bone together while operating on a single axis. Such a system may be
operable through a relanively small msertion opening or openings to securely hold two bone

segrnents togeth
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The tensioning and crimping tool 100 s a pistol shaped, two-hand operable tensioning

-
-
[$ 2}
21

and crimping device which functions to first introduce tension onto a cable 510 and second to fixate
a corresponding crimp 520 on the cable 510.

0056] The tensioning and crimping tool 100 15 a multi-use tool which 1s capable of applying

tension of up to 600N and crimping a cump 520 onto the cable 510 of up to 2.0 millimeter in
diameter.

(057] Embodiments of the tensioning and cumping tool 100 are described below, including

the two components of the tensioning and crimping tool 100 which include the tensioning section

and the Ci'iﬂ’ipi 2 8¢ ection.

[0058] FIG. 1A dlustrates a sectional side view of the tensioning and camping tool 100 which
includes the housing unit 200, the crimping unit 300 and the tensioning unit 400,
[0059] The tensiorung and crimping tool 100 includes a distal end 540 and a proximal end 530,

40 of the tensioning and cnmping tool 100 and

[

with the cable 510 bemng mserted into the distal end

the cable 510 exiting the proximal end 530 of the tensioning and crimping tool 100.

(0060

The crimping section may include a housing 210, a trigger-handle 220 mounted to the

housing 210 by a tirst bearing bolt 230, a knee lever 240 and a second bearing bolt 250.
[0061] Finally, the crimping section may also include a camping unit 300, including an inner
crimping tube 310 mounted mside the housing 210 having a distal end 540 configured to recetve the
cable 510 and an outer crimping tube 320 mounted arcund the inner crimping tube 310 and
contigured to move in an axial direction relative to the inner crimping tube 310 to comp a crimp 520

onto the cable 510 when actuated by the trigger-handle 220.
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3062 The housing umit 200 may include a housing 210, a trgger- handle 220, a first bearing

bolt 230, a knee lever 240, a second bearing bolt 250, a safety catch 260 connected to the housing
210 by the second bearing bolt 250 configured to prevent the trigger-handle 220 from actuating,

0063] Finally, the housing uwmt 200 turther includes a leaf spring for trigger-handle 270

contigured to push the trigger-handle 220 relative to the housing 210.

{0064 The tensioning section may nchude a housing 210 and a collet opener end 316 at the
prozimal end of the mner crimping tube 310

[0065] Finally, the tensioning section may also include a tensioning umit 400, including a cone
sheath 420, a coller 410 which s axially displaceable in the cone sheath 420, a guiding cam 430 which
ts connected to the cone sheath 420, a tensioning rod 440 which 1s connected to the cone sheath
420, a tensioning nut 450 which s rotatable on the tensioning rod 440, an inner spring 460 which 1s
positioned between the coller 410 and the tensioning rod 440, an outer sprng 470 which is
positioned between the proximal end 530 of the housing 210 and the tensioning nut 450, and an
end-stop nut 480 which 1s mounted to the tensioning rod 440.

{0066 FIG. 1B llustrates a top view of the tensioning and crimping tool 100, turther includmg
the safety catch 260 which prevents the trigger-handie 220 from actuating, In order for the trigger-
handle 224 to actuate, the safety catch 260 must be pressed in the downward direction.

{0067 FIG. 1C dlustrates a perspective view of the tensioning and crimping tool 100,

[0068] In order to operate the tensioning and crimping tool 100 to tension and camp a crimp
520 onto the cable 510, the tensioning and coumping tool 100 must be brought mto the reset

position which s defined as the proximal end 530 of the tensioning nut 450 being in contact with
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the distal end 540 ot the end-stop nut 480 and the safety catch 260 1s engaged with the guiding boit:

L’.)

222 of the trgger-handle 220.

{0069 I the reset position, the collet 410 1s in direct contact with the collet opener end 316 of
the inner crimping tube 310, and when the collet 410 is pushed towards the collet opener end 316
with the cone sheath 420, the collet 410 1s opened which allows a cable 510 to freely pass through

the tensioning and crimping tool 100, as will be descabed 1n further detail below

0070 Once the tenstoning and crimping tool 100 s in the reset position, the cable 510 can be

inserted through the center hole of the nner crimpmng tube 310 on the distal end 540 of the

tensioning and cnmping tool 100 where the inner coimping tube 310 protrudes from the oute
cnmping tube 320,
[0071] Adfter the cable 510 has entered the tensioning and camping tool 100 through the center

hole of the inner crimping tube 310, the collet 410, the tensionung rod 440 and the end-stop nut 480,
the cable 510 exits the tensioning and crimping tool 100 at the end-stop nut 480

[0072] Once the cable 510 15 positioned in the tensioning and crimping tool 100, the cable 510
may be guided through the tensioning and crimping tool 100 to position it to the necessary length
and at the required place where the crimp 520 has to be crimped onto the cable 510.

[0073] Once the crimping begins, there is no further change to the length of the tensioning and

crimping tool 100 which ensures a constant cable length and thus a constant tension 1n the cable
510.

0074 In an embodiment of the present disclosure, the tenstoning and crimping tool 100 may
s 5 & J

!

be contigured to crimp a crimp 520 onto the cable 510 without previously tensiomng the cable 510.
<
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(075] In the above embodiment, in order to operate crimping, in which the tensioning and

crimping tool 100 15 configured to cmp a cramp 520 on the cable 510, the safety catch 260 has to
be released by pushing it in the dowrnward direction, in order to allow the trigger-handle 220 to
actuate.

[00706] Once the satety catch 260 has been released, the trigger-handle 220 is actuated to the
crimping stop bolts 280, Durning the actuation of the trigger-handle 220, the inner cone 322 of the
outer crimping tube 320 is axially displaced to the outer cone 318 of the nner crimping tube 316,
leading to the distal end 540 of the mnner crimping tube 310 constricts to a smaller diameter which
introduces a plastic deformation of the crimp 520 on the cable 510, which results in a fixation of the
camp 520 on the cable 510 and allows for in-line crimping action and turther prevents any radial
deflection of the cable. Once the crimp 520 15 crimped on the cable 510 by the trigger-handle 220
after reachung the crimaping stop bolts 280, the crimping action 1s completed. The crmping stop
bolts 280 are positioned at the end of the trigger-handle 220 and the housing 210.

[0077] After relieving of the trigger handle 220 by the leat-spring for tngger-handle 27¢

jom
—~t
bt
o)
[¢¥

selt-engagement of the satety catch 260 by the leaf-spring for safety catch 261 over the guiding bolts
222 of the tugger-handle 220 and the prozimal end 530 of the tensioning nut 450 being in contact

with the distal end 540 of the end-stop nut 480 (reset position), the tensioning and crimping tool

100 can be removed over and from the cable 510
[0078] In summary, the crimping section is in reset position, the satety catch 260 13 pressed, a

crmping action is performed, there 13 a relief of the cimping action (by the leat-spring for trigger-

[

handle 270), self-engagement ot the safety catch 260 (by the leaf~spring for satety catch 261) and
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finally return to the reset position. Appropriate markings on the criraping section may guide through

this process.

[0079] It another embodiment of the present disclosure, the tensioning and crimping tool 100
tnay be contigured to first tension the cable 510 and then subsequently a crimp 520 can be crimped
on the tensioned cable 510.

(0080

It the above embodiment, in order to operate tensioning, the tensioning and crimping

~
fo
j10]

tool 100 may apply a tension onto the cable 510 before crimping, which s performed by the cable

510 being grasped by rotating the tensioning nut 450 in clockwise direction out of the reset position,
away from the end-stop nut 480, towards a distal end 540.

[0081] A tensile force of up to 600N can be introduced onto the cable 510 by rotating the
tensioning nut 450 in clockwise direction further away, from the end-stop nut 480, towards a distal
end 540. The tensie force corresponds to the axial compression of the cuter spring 470 and thus, to
the axial displacement ot the tensioning nut 450 relative to the housing 210.

[0082] At the related axsal displacement of 600N, the tensioning stop slots 451 of the tensioning
nut 450 and the tensiorung stop bolts 214 of the housing 210 interact and stop any further axial
displacement and rotation of the tensioning nut 450 relative to the housing 210 and thus, any further
increase of tensile force higher than 600N,

{0083 The tensioning stop bolts 214 may be rounded with a spherical head to prevent injury ot
the skin during holding and movement of the tensioning and crimping tool 100.

[0084] It 15 the above axial displacement which s used to visualize the adjusted tensile force

with a corresponding etched scale 215 on the housing 210. The etched scale 215 on the housing 210
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tnay show the amount of tensile torce on the cable 510 as the tensioning nut 450 moves relative to
the housing 210. After reaching the necessary tension torce, the crimping action, which is described
above, may be performed.

~

520 has been crimped onto the cable

(085] Once the tension has been applied and the crimp
510, the tensioning and crmping tool 100 can relieve the tension by rotating the tensioning nut 450
in counter clockwise direction towards the end-stop nut 480, towards the proximal end 530, until the
above described reset position 1s reached.

[0086] During the relieve action, the above process of tensioning the cable 510 by grasping and
tensioning proceeds in the reverse direction.

[0087] Once the reset position has been reached, the tensioning and crimping tool 100 can be
removed over and from the cable 510

[0088] It summary, tensioning the cable 510 begins with the tensioning section being in the
reset position, then grasping the cable 510, tensioning the cable 510, relieving the tension on the
sable 510, and then returning to the reset position. Appropriate markings 490 on the tensioning unit
400 may guide through this process.

[0089] After using the tensioning and comping tool 100, the crimping urut 300, including the
inner crmping tube 310 and the outer crimping tube 320 and the tensioning unit 200 as one single
element can be removed trom the housing unit 200

[0090] The housing 210, the tngger-handle 220, the satety catch 260 and the tensioning unit 440
are configured such that the device can be operable by a night-handed user as well as a left-handed

Liser.
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1091] The housing 210 and the tensioning unit 400 are coupled using a leaf-clip 212 which
allows for detachment ot the housing 210 from the tensioning unit 400. The coupling between the
housing 210 and the crimping unit 300 can be a threaded joint or clip which allows for quick
coupling and decoupling,

[0092] The housing unit 200 includes the knee lever 240 which transmuts and amplifies the force
applied by hand into the required crimping force. The axal movement mduced trom a tooth 221

~

onto a radial flute 321 (see FIG. 2ZA-B) generates a torce which 1s used for coimping. The forc

gl

could also be used to generate a saw or a clamp, depending on the working unit of any kind attached
to the housmg unit 200.

[0093] FIG. 2A dlustrates a view of the trigger-handle 220 and FIG. 2B illustrates a sectional
side view of the housing 210.

{0094 Vhile pulling on the trigger-handle 220, the tragger-handle 220 s led by two guiding
bolts 222 interacting with two guiding slots 211 in the housing 210. During this movement, the
tooth 221 of the tagger-handle 220 interacts with the radial flute 321 (see FIG. 3C) of the outer
crimping tube 320, which works simuar to an mvolute gear and pushes the outer criraping tube 320
in a distal direction when the trigger-handle 220 1s squeezed.

[00Y5] The housing 210 has a leat-clip 212 at the proximal end 530 and a notch 213 titting the

outer geometry of the cone sheath 420 and the guiding cam 430 of the tensioning unit 400.

[0096] The housing 210 and the trigger-handle 220 can be manutactured using investment
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(097) FIG. 3A illustrates a side view of the inner crimping tube 310, The inner crimping tube
310 may be different lengths depending on the type of intervention required. The inner cramping
tube 310 may be different diameters depending on the type of ntervention required.  Frnally, the
nner camping tube 310 may be different matersals (such as x-ray visible) depending on the type of
intervention required.

[0098] At the distal end 540 of the inner crimping tube 310 15 the outer cone 318 of the moner
cnmping tube 310. At the proximal end 530 ot the nner crimping tube 310 are the coupling part
317 and the coliet opener end 316.

[0099] FIG. 3B illustrates a view of the distal end 540 of the inner cnmping tube 310 bemg
made ot a single piece of material. The slot 311 1s used and implemented to get the functionality of
a tlexure beanng of the distal end 540 of the inner crimping tube 310. The crimping mold 312
deforms the round crrmp 520 resulting in a crimped crimp 520, The seating 313 extends nward as
part of the cimping mold 312, The prmary camping mold 314 structure deforms the material of
the camp 520 onto the cable 510, The secondary camping mold 315 structure allows the expansion
of the crimped matenial and its deformation which is not directly in contact with the cable 510.

[0100] FIG. 3C dlustrates a side view of the outer crimping tube 320. The outer crimping tube
320 may be different lengths depending on the type of intervention required. The outer cramping

i
|3
H

e

~

e 320 may be different diameters depending on the type of intervention required.  Finally, the

1
H
i

outer crimping tube 320 may be different materials (such as x-ray visible) depending on the type of

intervention required.
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0101] The outer crimping tube 320 includes a radial flute 321 where the tooth 221 {see FIG.
2A) of the trigger-handle 220 interacts, which works similar to an involute gear and pushes the outer

crimping tube 320 in a distal direction when the trigeer-handle is squeezed.

0102 FIG. 3D sllustrates a view ot the distal end of the outer crimping tube 320 being made of
a single piece of material with an mner cone 322, which is able to detorm the outer cone 318 of the

inner camping tube 310,

(103] During actuation of the trigg,

gger-handle 220, the mnner cone 322 of the outer cumping

tube 320 1s axially displaced to the outer cone 318 of the inner cimping tube 310. This leads to the
radial constaction of the outer cone 318 of the mner camping tube 310 and thus to the crimping ot
the cnimp 520.

[0104] The outer camping tube 320 is nserted through a hole on the distal end 540 of the
housing 210 where the proximal radial flure 321 of the outer crimping tube 320 1s 10 contact with the
tooth 221 of the trigger-handle 220.

[0105] The inner crimping tube 310 is mserted through the outer crimping tube 320 and
connected to the housing 210 over the coupling part 317 through a screwing operation.  As the
outer crimping tube 320 s guided on the mner crimping tube 310, the outer cumping tube 320
cannot detlect in a radial direction.

{01006] The crnimping section operates such that the crimping action 1s performed by baving the
inner crimping tube 310 being fixed to the housing 210 and the outer crimping tube 320 moving

axially.
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0107] FIG. 4A-E lustrates different views of the tensioning unit 400. The tensioning unit 40(
includes an end-stop nut 480 on the proximal end 530 of the tensioning unit 400. The end-stop nut

480 includes a plurality of fixation slots 481 which are grooves on the end-stop nut 480 contigured

to recetve and hold the cable 510 in place during tensioning and crimping.

[0108] FIG. 4F dlustrates a sketched sectional side view of the tensioning section.  The
tensioning section includes the housing 210, the collet opener end 316 and the tensioning unit 400

(see FIG. 4A-E), including a collet 410, a tensioning rod 440, an outer spring 470, an mner spring
460, a cone sheath 420, a guiding camn 430, a tensioning nut 450 and an end-stop nut 480 (see FIG.
4A-E).

[0109] FIG. 4F idlustrates the cable 510 being tensioned. During the wutial turn of the
tensioning nut 450 1n clockwise direction, out of the reset position, away from the end-stop nut 480,
the nner spring 460 pushes the collet 410 into the cone sheath 420, which leads to a radial
contraction of the collet 410, which leads to a grasping of the cable 510.

[0114] When the tensioning nut 450 15 turned further in clockwise direction, further away from
the end-stop nut 480, towards a distal end 540, the collet 410 loses direct contact with the collet
opener end 316 resulting in a self-retaining mechanism because of the further expansion of the inner
spring 460 and the friction forces between the cable 510 and the collet 410 and because of the
geometry of the cone-angle between the collet 410 and the cone sheath 420.

[0111] Because the tensioning rod 440 is attached to the cone sheath 420, when the tensioning
rut 450 1s rotated in clockwise direction which compresses the outer spring 470, the tensioning rod

440 and the cone sheath 420 are pulled towards the proximal end 530, however, dunng thus rotation,
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the self-retaining mechanism increases and pulls the collet 410 through the distal end 540 of the
cone sheath 420, which, because of the cone-shape of the cone sheath 420, causes the collet 410 to

create more tadial contraction on the cable 510 and further applies tension to the cable 510

112 Once tension has been applhied, it s iopossible to pull the cable 510 towards the distal
end 540 because this pulls the coller 410 deeper into the cone sheath 420 increasing the self-
retaning mecharusm and the dampmg force on the cable 510; however, pulling the cable 510
towards a proxiumal end 530 1s still possible because thus pulls the collet 410 out of the cone sheath
420 and against the inner spring 460 decreasing the self-retaining mechanism and the clamping force
on the cable 510.

[0113] Due to this self-retmning mechanism, the tensioning section 1s able to apply pre-

tensioning of the cable 510 by pulling directly on the cable 510 as soon as the tensioning and

W

f1C

(7

crimping tool 100 is not in the reset position. The pre-tensioning is able to be performed manually
it the pulling force applied manually 1s higher than the actual tensioning force.
[0114] FIG. 4G ilustrates an exploded view of the tensioning unit 400, the tensioning unit 400

including a cone sheath 420, a collet 410, an 1nner spring 460, a tensioning rod 440, an outer spring

470, a tenstoning nut 450 and an end-stop nut 480,

[0115] The collet 410 may be made from a single piece of materal, which may be a flexure
beanng and which may be tiexible and easily deformable. With the added Hexibility, cables can be

grasped and tensioned without producing a kink in the cable.

[011¢6] The tensioning and crimping tool 100 provides a smooth {step less) and faster tensioning
and carnping of the cable 510 resulting in a shorter use time versus existing tools. The tensioning
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and crimping tool 100 also provides easter handling which reduces the attention that a user has to
give to handling the tensioning and crimping tool 100. Further, the tensioning and crimping tool 100
acilitates two handed use which allows a single user to operate the tensioning and crroping tool

100. The tensiotung and crimping tool 100 protects and covers the cable 510 and only a few
components actually enter the patient, specitically, for the camping unit 300, namely, the inner
crimping tube 310 and the outer crimping tube 320, will become contaminated.  Therctore, the
cnmping unit 300 1s entirely decomposable for reprocessing. However, the tensiotung unit 400 and
the housing unit 200 are less likely to be contaminated and therefore can be thoroughly sanitized and
used for the next procedure.

[0117] The tensiorung and crimping tool 100 provides a ready to use system that does not
require any assernbly. This allows the user to immediately tension and comp a cmp 520 onto the
cable 510 after removal from the packaging. As the tensioning and crimping tool 100 1s pre-
assembled and pre-positioned, the user may use the systern directly after boring a hole and nserting
the cable 510.

[0115] Finally, the tensioning and crimping tool 100 allows for in-line tensioning and crimpmg
of the cable 510 (i.e. both the tensioning and the crimping 1s being completed on the same axis),
which allows minimally invasive surgery and further without any radial deflection of the cable during
tensioning
[0119] In another embodiment, a mini cable tensioner 600 is a rod-shaped, two hand operable

tensioning device which s able to introduce tension onto a cable 510 for temporary fixation.
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0120] FIG. 5A illustrates an exploded sectional side view of the mini cable tenstoner 600. The
runi cable tensioner 600 includes a tensioning unit 400, a tensioning grip 700 and a tensioning tube
800. The tensioning unit 400 corresponds to the above mentioned tensioning unit 400 and functions
sinularly to the above embodiment.

[0121] FIG. 5B ilustrates a side view of the mini cable tensioner 600. The rmuini cable tensioner
600 includes a distal end 340 and a proxirnal end 530, the cable 510 being inserted mto the distal end

o

540 of the munt cable tensioner 600 and the cable 510 exiting the proximal end 530 of the mint cable

tensioner 600.

012/

FIG. 5C dlustrates a top view ot the mun cable tensioner 60¢
[0123] The tensioning vt 400 may include a collet 410 which s axially displaceable in a cone
sheath 420, The tensioning unut 400 may also include a guiding cam 430 which 1s connected to the

‘,

cone sheath 420. The tensioning unit 400 may also include a tensioning rod 440 which s connected
to the cone sheath 420 and a tensioning nut 450 which is movable by rotation in distal or proximal
direction on the tensioning rod 440.

[0124] The tensioning unit 400 may also mclude an inner spring 460 which s positioned

between the collet 410 and the tensioning rod 440 and an outer spring 470 which 15 positioned

1

around the tensioning rod 440 between the proximal end 530 of the tensioning grip 700 and the
tensioning nut 450.
[0125] The tensioning unit 400 may also include an end-stop nut 480 which 1s mounted to the

proximal end 530 of the tensioning rod 440.
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(120] Finally, the tenstoning unit 400 includes the end-stop nut 480 which includes a plurality

of fixation slots 481 which are grooves on the end-stop nut 480 configured to recerve and hold the
cable 510 i place during cable handling, cable grasping and cable tensioning.

(127 The tensionine unit 400 1s able to apply pre-tensioning of the cable 510 by pulling
, g PPy | 2 vy p g

directly on the cable 510 as soon as the mini cable tensioner 600 18 not in the reset position. The
pre-tensionung is able to be performed manually if the pulling force applied manually onte the cable
510 1s tugher than the actual tensioning torce

[0128] During the initial turn of the tensioning nut 450 in clockwise direction, out of the reset
position, away from the end-stop nut 480, the cable 510 15 immediately grasped and 1s smoothly
tensioned by the tenstoning unit 400.

[0129] The collet 410 may be made from a single piece of materal, which may be a flexure
beanng and which may be tlexible and easily deformable. With the added flexibility, cables can be
grasped and tensioned without producing a kink in the cable. For example, cables between 1.7 and

2.0 mm can be grasped and tensioned in-line without kinking. The mini cable tensioner 600 allows

-

"’C}

oy in-hine tensioning of the cable 510, which allows moinimally invasive surgery and further prevents
any radial detlection of the cable 510 during tensioning,

0130 The tensioning grip 700 may be manufactured using three parts and may be configured
) 2 &

such that the min cable tensioner 600 can b

]

operable by a right-handed user as well as a left-
handed user.
[0131] The tensioning tube 800 may be straight or curved depending on the type of

mntervention required. The tensioning tube 800 may be different lengths depending on the type ot
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intervention required. The tensioning tube 800 may be diffetent diameters depending on the type of
intervention required. The tensioning tube 800 may be different matenals {such as x-ray visible)
depending on the type of intervention required. The tensioning tube 800 may be able to transmit 2
torsional moment,

[0132] Finally, the muini-cable tensioner 600 includes the tensioning grip 700 and the tensioning
unit 400 whuch are coupled using a leat-clip 710 which allow for detachment of the tensionmg unit

400 from the tensioning gap 700. The coupling between the tensicning grip 700 and the tensioning

tube 800 can have a coupling-geometry 750 of a threaded joint or a snap-fit which allows for quick
coupling and decoupling.
[0133] FIGs. 6A, 6C and 6D dlustrate proximal, perspective, and top views, respectively, of the

tensioning grip 700. The tensioning grip 700 is used as a handle and further used to connect the

OO

tensioning unit 400 at the proximal end 530 and the tenstoning tube 800 at the distal end 540. The

tensioning grip 700 can be made from three parts and has a leat-clip 710 at the prozimal end 530
and a notch 720 fitting the outer geometry of the cone sheath 420 and the guiding cam 430 of the
tenstoning unit 400.

[0134] The leat-chip 710 allows for coupling between the tensioning grip 700 and the tensioning
unit 400 and further allows for a stable axial and free rotational connection.

{0135 FIG. 6B illustrates a sectional side view of the tensioning grip 700. At the distal end 540
of the tensioning grip 700, the tensioning grip 700 has a coupling-geometry 750 to mount the

7
i

tensioning tube 800 to the tensioning grp 700. The coupling-geometry 750 mates with the

tensioning tube 800 in a complementary manner to tix the tensi o gup 700 and the tensioning
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ube 800 to one another. For example, the couphing-geometry 750 can be a hexagonal recess, whuch

would mate with a hexagonal shaped end of the tensioning tube 800.
[0136] The tensioning tube 800 1s mounted to the distal end 540 of the tensioning grip 700

inside the coupling-geometry 750, which allows for nminumnally invasive access to the mtervention
% b M > )

site
(0137 I order to operate the mini cable tensioner 600, the mini cable tensioner 600 must be

brought into the reset position which is defined as the proximal end 530 of the tensioning nut 450 is

in contact with the distal end 540 ot the end-stop nut 480.

[0138] I the reset position, the collet 410 is 1 direct contact with the collet opener 730 and
when the collet is pushed towards the collet opener 730 with the cone sheath 420, the collet 410 is
opened which allows a cable 510 to freely pass through the muni cable tensioner 600, as will be
described 1o turther detail below.

[0139] Once the mim cable tensioner 600 1s in the reset position, the cable 510 can be inserted
through the distal end 540 of the tensioning tube 800.

[0140] After the cable 510 has entered the munt cable tensioner 600 through the tensiorung tube

»-_.e

800, the tensioning grip 700, collet 410, the tensioning rod 440 and the end-stop nut 480, the
sable 510 exits the mini cable tensioner 600 at the proximal end 530 of the end-stop nut 480.
{0141] Once the cable 510 is positioned m the muni cable tensioner 600, the cable 510 can be

guided through the muni cable tensioner 600 to position it to the necessary length and at the required

place where the tension has to be applied onto the cable 510.
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(0142 In the above embodiment, the mint cable tensioner 600 can apply tenston onto the cable

510 by the cable 510 being grasped by rotating the tensioning nut 450 in clockwise direction out of
towards a distal end 540.

the reset position and away from the end-stop nut 480

5

(143] The mnner spring 460 pushes the collet 410 into the cone sheath 420 which leads to a
radial contraction of the collet 410 and to the cable 510 being grasped.

{0144 When the tensioning out 450 s rotated further in clockwise direction, away from the
end-stop nut 480, towards a distal end 540, the collet 410 loses direct contact with the collet opener
730 at the bottom of the notch 720 of the tensioning grip 700, a self-retaining mechanism arises
because of the further expansion of the mner spring, the friction torces between the cable 510 and
the collet 410 and because of the geometry of the cone-angle between the collet 410 and the cone
sheath 420.

[0145] Because the tensioning rod 440 is attached to the cone sheath 420, when the tensioning
nut 450 13 rotated in clockwise direction which compresses the outer spring 474, the tensioning rod

1

1530, however, during this rotation,

o

440 and the cone sheath 420 are pulled towards the proximal en
the self-retaining mechanism mncreases and pulls the collet 410 through the distal end 540 of the
cone sheath 420, which, because of the cone-shape of the cone sheath 420, causes the collet 410 to
create more radial contraction on the cable 510 and further applies tension to the cable

{01406 Once tension has been applied, it 1s impossible to pull the cable 510 towards the distal
end 540 because this pulls the collet 410 deeper into the cone sheath 420 mcreasing self-retaining
mechanism and the clamping force on the cable 510; however, pulling the cable 510 towards a

proximal end 530 1s still possible because thus pulls the collet 410 out of the cone sheath 420 and
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against the mner spring 460 decreasing the self-retaining mechanism and the clamping torce on the
) < ) <

sable 510.

{0147 A tensie torce of up to 600N may be ntroduced onto the cable 510 by rotating the

tensionung nut 450 10 clockwise direction further away, from the end-stop nut 480, towards a distal
end 540. The tensile force corresponds to the axial compression of the outer spring 470 and thus, to

the axial displacernent of the tensioning nut 450 relative to the tensioning grip 7O

iy

(148] At the related axial displacement of 600N, the tensiorung stop slots 451 of the tensioning
nut 450 and the tensioning stop bolts 740 of the tensioning grip 700 interact and stop any further
axtal displacerent and rotation of the tensioning nut 450 relative to the tensioning grip 700 and
thus, any turther increase of tensile force higher than 600N,

[0149] It is the above axial displacement which is used to visualize the adjusted tensile force on
the cable 510 via an etched scale 760 on the mint cable tensioner 600 (see FIG. 5C).

[0150] Once the required tension has been applied, the mint cable tensioner 604 can relieve the
tension by rotating the tensioning nut 450 in counter clockwise direction towards the end-stop nut
480, towards the proximal end 530, until the above described reset position ts reached.

[0151] During the relieve action, the above process of tensioning the cable 510 by grasping and
tensioning proceeds in the reverse direction.

{0152 Once the reset position has been reached, the mini cable tensioner 600 can be removed
over and from the cable 510.

[0153] After using the munt cable tensioner 600, the tensioning tube 800 and the tensioning unit

400 can be removed trom the tensioning gup 7
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(154] In summary, tensioning a cable with the muni cable tensioner 660 begins with the num
cable tensioner 600 being 1n the reset position, then grasping the cable 510, tensioning the cable 514,

relieving the tension on the cable 510, and then returning to the reset position. Appropriate
roarkings 490 on the tensioning unit 400 may guide through this process.

[0155] The mini cable tensioner 600 provides a smooth {(stepless) and faster tensioning of the
cable 510 resulting 10 a shorter use time. The mini cable tensioner 600 also provides easier handling
which reduces the attention that a user has to give to handling the mimi cable tensioner 600. Further,
the mini cable tensioner 600 facilitates two handed use which allows a single user to operate the mint
cable tenstoner 600. The mint cable tensioner 600 protects and covers the cable 510 and only a few
components actually enter the patient, specifically, the tensioning tube 800, which will become

contarmnated. Therefore, the tensioning tube 800 13 entirely removable for reprocessing. However,

the tensioning grip 700 and the tensioning unit 400 are less likely to be contaminated and therefore
can be thoroughly samtized and used for the next procedure.

[0150] The mini cable tensioner 600 provides a ready to use system that does not require any
assembly. This allows the user to immediately tension the cable 510 after removal from the
packaging. As the muni cable tensioner 600 1s pre-assembled, the user may use the system directly
after boring a hole and inserting the cable 510.

intended to be

e
w

[00157] Accordingly, it is to be understood that the above description
lustrative and not restrictive. Many embodiments and applications other than the examples
provided would be apparent upon reading the above description. The scope should be determined,

i

not with reference to the above descaption or Abstract below, but should instead be determined
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with reterence to the appended claims, along with the tull scope of equivalents to whach such claims
are entitled. It 1s anticipated and intended that future developments will occur in the technologies
discussed herein, and that the disclosed systems and methods will be mncorporated into such future
embodiments. In sum, it should be understood that the application 1s capable of moditication and
Variafion.
[00158] The benefits, advantages, solutions to problems, and any clement(s) that may cause any
benetit, advantage, or solution to occur or become more pronounced are not to be construed as a
critical, required, or essential features or elements of any or all the claims. The mvention 1s defined
solely by the appended claims incuding any amendments made during the pendency of this
application and all equivalents of those claims as 1ssued.

[0159] Moreover 1n this document, relational terms such as first and second, top and bottom,
and the hke may be used solely to distinguish one entity or action from another entity or action
without necessanly requiring or implying any actual such relationship or order between such entities

32

or actions. The terms “comprises,” “comprsing,” “has,” “having,” “includes.” “including,”

“contamns,” “contaiung” or any other varnation thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that compuises, has, includes, contains a
list of elements does not include only those elements but may include other elements not expressly
listed or inherent to such process, method, atticle, or apparatus.  An element proceeded by
“comprises ...a,” “has ...a,” “includes ...a,” or “contains ...a” does not, without more constraints

preciude the existence of additional identical elements in the process, method, article, or apparatus

that comprises, has, includes, contamns the element. The terms “a” and “an” are defined as one or
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more unless explctly stated otherwise herein.  The terms “substantially,”  “essentially,”

>

“approximately,” “about” or any other version thereof, are defined as being close to as understood

by one of ordinary skidl in the art, and in one non-linuting embodiment the term 13 detined to be
within 10%, 1 another embodiment within 5%, in another embodumnent within 1% and in another
embodiment within 0.5%. The term “coupled” as used herein 1s detined as connected, although not
necessaridy directly and not necessarldy mechanically. A device or structure that s “configured” in a
certain way is configured in at feast that way, but may also be configured in ways that are not listed.
[00160] The Abstract of the Disclosure 1s provided to allow the reader to quickly ascertain the
nature of the technical disclosure. Tt 1s submitted with the understanding that it will not be used ¢
interpret or hmut the scope or meaning of the claims. In addition, in the foregoing Detailed
Description, it can be seen that vanous features are grouped together in various embodiments for
the purpose of streamlining the disclosure. This method of disclosure s not to be nterpreted a
retlecting an ntention that the clamed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter lies in less than
all features of a smgle disclosed embodiment. Thus the following clasms are hereby ncorporated
into the Detaled Description, with each claim standing on its own as a separately claimed subject

matter.
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What 1s clauned is:

1. A mint cable tensioner tor ntroducing tension on a cable, the muni cable tensioner
COMPrising:
a tensioning tube,
A teNsIONINg grip, COMPrising:
collet opener as an internal structure of the tenstoning grip,
a tensioning unit, COMpPIising:

a collet axially positioned in a cone sheath,

a tensioning rod having a proximal end connected to an end stop nut and &
distal end connected to the cone sheath,
a tensioning nut rotatable on the tensioning rod,
an inner spring configured to actuate the collet in a tirst direction, and
an outer spring configured to actuate the tensioning rod in a second direction,
the second direction bemg opposite to the first direction.
2. The muni cable tensioner of claim 1, further comprising:
the tensioning unit further comprising:
a guiding cam connected to the cone sheath.
3. The mint cable tensioner of claim 1, the cable 1s contigured to pass through the tensionng
tube, the tensioning grip, the collet, the tensioning rod and the end-stop nut.
4. The munt cable tensioner of claim 1, wherein the coliet 15 contigured to radially contract
when the inner spring pushes the collet into the cone sheath.
5. The muini cable tensioner of claim 1, wherein rotation of the tensioning nut in a clockwise

direction towards the distal end increases tension on the cable and rotation in a4 counte



6.

~1

11

12.
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clockwise direction of the tensioning nut towards the proxtmal end decreases tension on the

cable.

The mini cable tensioner of claim 1, wherein the end stop nut includes a plurality of fixation

slots on the proximal end of the end stop nut.

The min cable tensioner of clam 1, wherein tensioning stop slots at the distal end of the
tensioning nut and the tensioning stop bolts 1n the tensioning grip interact to stop any axial
displacement and rotation ot the tensionung nut relative to the tensioning grip and prevent

tensile force greater than 600N,

The mini cable tensioner of claim 1, wherein tensioning is smooth and stepless between 0

and 600N of a cable.

The mini cable tensioner of claim 1, wherein tensioning 3 uniaxial without radial deflection

of the cable.

The mint cable tensioner of claim 1, wherein the tensioning tube 1s configured to be straight
or curved based on the type of intervention required.
The mini cable tensioner of claim 1, wherein the tensioming tube is configured to be

different lengths based on the type of intervention required.

The mint cable tensioner ot claim 1, wherein tensioning tube s configured to be different
diameters based on the type of intervention required.
The mint cable tensioner of clam 1

wherein the tensioning tube is configured to be

3

ditterent matenals based on the type of intervention required.
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14. The rmuni cable tensioner of claim 1, wherein the tensioning tube 1s configured to transmut a

torsional moment based on the type of intervention required.

15. The mini cable tensioner of claim 1, wherein the tensioning tube s configured to be
connected with a distal end of the tensioning grip.

16. The mini cable tensioner of claim 1, wherein the tensioning grip 1s configured to be
connected with a distal end of the tensioning unit.

17. The mini cable tensioner of claimn 1, whercin the tensioning grip is configured to be
connected with a proximal end of the tensioning tube.

18. The mini cable tensioner of claim 1, wherein the tensioning unit is configured to be

connected with 2 proximal end of the tensioning grip.
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FIG. 4F
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