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TENSIONING INSTRUMENT AND RELATED BONE FIXATION SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional 

Application No. 61/986,434, filed April 30, 2.014, the entire disclosure of which is incorporated 

by reference into this application.

TECHNICAL FIELD
[0002] The present disclosure relates to a tensioning instrument, and related bone 

fixation systems and methods.

BACKGROUND
[0003] Bone fixation systems typically maintain bone fragments in position following 

osteotomy or reduction procedures in order to initiate bone healing. Bone fixation systems 

include implants, bone fixation members, and instruments. The instruments typically position 

the implants relative to bone. In some cases, instruments may manipulate the implants into the 

appropriate position in order to achieve desired restoration of anatomy following a cut or 

fracture. For instance, a. bone fixation member, such as a cable tie, can be wrapped about bone 

segments. A tensile force applied the cable tie tightens the cable tie around the bone segments 

attaining the desired reduction. In another example, after a craniotomy, an inner plate 

positioned inside the cranium next to a bone flap and an outer plate positioned outside cranium 

hold the bone flap in position. A guide wire attached the inner plate is tensioned, causing the 

outer and inner plates to clamp the bone flap to the cranium.

SUMMARY
[0004] An embodiment of the present disclosure includes an instrument. The 

instrument includes a bearing member and an actuator spaced from the bearing member in a 

proximal direction. The instrument also includes a retainer that extends from a location of the 

actuator toward the bearing member. The retainer is configured to attach to a portion of an 

implant, wherein the location is spaced from the bearing member a distance in the proximal 

direction. The actuator includes a flexible portion that is spaced from the retainer in a. direction 

perpendicular to the proximal direction, such that, when a force is applied to the actuator, the 

actuator deforms so as to increase the distance between the location and the bearing member.
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[0005] Another embodiment of the present disclosure includes a method for applying 

tension to an element. The method comprises the step of placing a bearing member against a 

first portion of the element. The method includes coupling a second postion of the element to a 

retainer that extends from a location of an actuator that is spaced from the bearing member in a 

proximal direction, wherein the actuator has a portion that is spaced from the element in a 

direction that is perpendicular to the proximal direction. The method can include applying an 

actuation force to the portion of the actuator, causing the actuator to deform and move the 

location of the actuator and the retainer relative to the bearing member in the proximal direction, 

thereby apply ing a tensile force to the second portion of the element.

[0006] Another embodiment of the present disclosure includes an instrument. The 

instrument includes a bearing member an actuator spaced from the bearing member in a proximal 

direction. The actuator defines a location configured to support a coupling element of an 

implant, wherein the location of the actuator is spaced from the bearing member a distance in the 

proximal direction. The actuator includes a flexible portion that is offset with respect to the 

location of the actuator in a first direction perpendicular to the proximal direction, such that 

when a force is applied to the actuator, the actuator increases the distance between the location 

and the bearing member. The coupling element can be attached to or monolithic with the 

implant.

[0007] Another embodiment of the present disclosure is a method for securing an 

implant to bone, the method comprising the steps of placing a bearing member against a first 

portion of the implant, the first portion of the implant configured to face a first surface of a bone, 

the implant including a second portion configured to face a second surface of the bone that is 

opposite the first surface, and a coupling element that extends from the second portion through 

the first portion of the implant. 'The method can include attaching the coupling element to the 

actuator at a location that is spaced from the bearing member in a proximal direction, such that a 

flexible portion of actuator is spaced from the coupling element in a direction that is 

perpendicular to the proximal direction. The method can include applying an actuation force to 

the flexible portion of the actuator, causing the actuator move the coupling element relative to 

the bearing member in the proximal direction, thereby urging the second portion of the implant 

toward the first portion of the implant.

[0008] An embodiment of the present disclosure includes a bone fixation system. The 

bone fixation system includes an implant that includes a first clamp body positionable against a 

first surface of a bone, and a second clamp body positionable against a second surface of the 
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bone opposite the first surface. The bone fixation system includes an instrument that has a 

bearing member configured to abut the second clamp body, and an actuator configured to be 

coupled to the first damp body such that an elongate member extends from the first clamp body 

to a location of the actuator that is spaced from the bearing member a distance in the proximal 

direction. When the actuator is coupled to the first clamp body, a flexible portion of the actuator 

is spaced from the elongate member in a direction perpendicular to the proximal direction, such 

that, when a force is applied to the flexible portion, the flexible portion of the actuator deforms 

so as to increase the distance between the location and the bearing member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The foregoing summary, as well as the following detailed description of 

illustrative embodiments of the tensioning instrument and related bone fixation systems of the 

present application, will be better understood when read in conjunction with the appended 

drawings. It should be understood, however, that the application is not limited to the precise 

schematics and arrangements shown. In the drawings:

[0010] Fig. 1A is a plan view of an instrument according to an embodiment of the 

present disclosure, showing the instrument in a first configuration holding a bone fixation 

member around an underlying bone;

[0011] Fig. IB is a plan view of the instrument shown in Fig. 1A, showing the 

instrument in a second configuration with the bone fixation member tightened about the 

underlying bone, and

[0012] Fig. 2A is a side view of a bone fixation member including a body and a locking 

member;

[0013] Fig. 2B is a detailed sectional view of a portion of the bone fixation member 

illustrated in Fig. 2A, showing the body inserted through the locking member so as to secure the 

bone fixation member about the underlying bone;

[0014] Fig. 3 is a perspective view of a plurality of the bone fixation members 

illustrated in Fig. 2A, showing the bone fixation members tightened about a target bone;

[0015] Fig. 4A is a plan view of the instrument shown in Figs. 1A and IB;
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[0016] Fig. 4B is a detailed view of a portion of the instrument shown in Fig. 4A.

[0017] Figs. 4C and 4D are plan views of the instrument shown in Fig. 4A in a first 

configuration and a second actuated configuration, respectively.

[0018] Figs. 5A through 5C are perspective views of the instrument shown in Figs. 1 A. 

IB and 4A-through 4D;

[0019] Figs. 6A and 6B are partial plans views of the instrument shown in Figs. 1 A, IB 

and 4A-through 4D, showing a locking assembly configured to capture a portion of a bone 

fixation member;

[0020] Fig. 7A is a plan view of an instrument according to another embodiment of the 

present disclosure;

[0021J Fig. 7B is a cross-sectional view of the instrument taken along lines 7B-7B in

Fig. 7A:

[0022] Fig. 8A is a sectional view of a portion an instrument according to another 

embodiment of the present disclosure

[0023] Fig. 8B is an end view of the instrument shown in Fig. 8A, showing a cross­

section of the bone fixation member;

[0024] Figs. 9A is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure, showing the instrument holding a bone fixation member 

around an underlying bone;

[0025] Fig. 9B is an end view of the instrument shown in Fig. 9A, showing a portion of 

the bone fixation member and the underlying bone removed;

[0026] Figs. 10A through 1 OF illustrate embodiments of cutting blades used with the 
instrument shown in Figs. 8A and 8B;

[0027] Fig. 11 is a sectional view of a portion an instrument according to another 

embodiment of the present disclosure;

-4-
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[0028] Fig. 12A is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure, showing the instrument holding a bone fixation member in 

a locked configuration;

[0029] Fig. 12B is a sectional view’ of the instrument shown in Fig. 12A, showing the 

instrument holding the bone fixation member in an unlocked configuration;

[0030] Fig. 13 is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure;

[0031] Fig. 14 is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure;

[0032] Fig. 15 is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure;

[0033] Fig. 16A is a sectional view of a portion of an instrument according to another 

embodiment of the present disclosure;

[0034] Fig. 16B is a schematic top view of a portion of the instrument shown in Fig. 

16A;

[0035] Fig. 17 is a partial plan sectional view of an instrument according to another 

embodiment of the present disclosure;

[0036] Fig. 18A is a plan vie w of an instrument according to another embodiment of 

the present disclosure;

[0037] Fig. 18B is a plan view’ of a portion of an instrument according to another 

embodiment of the present disclosure;

[0038] Fig. 19 is a plan view' of a bone fixation system according to another 

embodiment of disclosure, showing a cross-section of a bone implant and a bone;

[0039] Fig. 20 is a detailed sectional plan view of the bone fixation system shown Fig. 

19;
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[0040] Fig. 21 is a detailed side view of a portion of the bone fixation system shown in

Fig. 19.

[0041] Fig. 22. is a detailed end view of the bone fixation system shown in Fig. 19.

[0042] Fig. 23 is a side view of a bone fixation system, according to an embodiment of 

disclosure, showing a cross-section of a bone implant and a bone:

[0043] Fig. 24 is a detailed side view' of a portion of the bone fixation system shown in

Fig. 23; and

[0044] Fig. 25 is a top view of the bone fixation system shown in Fig. 23, showing a 

portion of the instrument removed.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0045] Certain terminology is used in the following description for convenience only 

and is not limiting. The words "right", "left", "lower" and "upper" designate directions in the 

drawings to which reference is made. The words, “anterior”, “posterior”, “superior”, “inferior” 

and related words and/or phrases designate preferred positions and orientations in the human 

body to which reference is made and are not meant to be limiting. Further, the description refers 

to a bone fixation system and related components and instruments and/or portions of same that 

include a “proximal end” and a “distal end.” Thus, a “proximal direction” or “proximally” refers 

to a direction that is oriented generally from the distal end toward the proximal end. A “distal 

direction” or “distally” refers to a direction that is oriented generally from the proximal end 

toward the distal end. The components of bone fixation system of the present disclosure are also 

described herein as extending along a longitudinal direction “L” and a lateral direction “A”, and 

transversely along a transverse direction “T”. Unless otherwise specified herein, the terms 

“longitudinal,” “transverse,” and “lateral” are used to describe the orthogonal directional 

components of various bone fixation system components and component axes.

[0046] The present disclosure relates to bone fixation systems that include a tensioning 

instrument configured to apply a tensile force to a portion of an implant, such as a bone fixation 

member 24 as shown in Figs. 1A and IB, or bone fixation implants 210 and 310 as shown in 

Figs. 19-25. The tensioning instrument is configured such that when the instrument is coupled to 

the implant, a portion of the instrument can be displaced so as to apply a tensile force to the 

- 6 -
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implant in order to secure the implant to bone, as will be further detailed below. An implant as 

used here includes a bone fixation member, clamping device, bone plate, anchor, or any other 

device configured for implantation into a patient.

[0047] Turning to Figs. 1A and IB, a bone fixation system 20 includes an instrument

22 and at least one implant 24, such as a plurality of implants 24. The implants 24 are 

configured to secure the first and second bone segments 2.6a and 26b of a target bone 28, such as 

a sternum, separated at an osteotomy location 30 together in a compressed approximated 
position. The instrument 22 can include an ac tuator 82 and a bearing member 84 that extends 

from the actuator 82 along the longitudinal direction L. An elongate member, such as a retainer 

86, can extend from a portion of the actuator 82 toward the bearing member 84 in the 

longitudinal direction L. The actuator 82 can include a flexible portion 89 that is spaced from 

the retainer 86 such that when a force is applied to the actuator 82 toward the retainer 86 in a 

direction perpendicular to the longitudinal direction L, at least a portion of the actuator 82 is 

displaced along the longitudinal direction L, thereby displacing retainer 86 relative to the bearing 

member 84. Displacement of the retainer 86 applies a force to an implant 24 when the retainer 

86 is attached to the implant 24. In accordance with the illustrated embodiment, the instrument 

22 can have a first, or initial configuration (Fig. 1A) wherein the implant 24 is received by the 

instrument 22 and surrounds the bone segments 26a and 26b, and a second or actuated 

configuration (Fig. IB) wherein the retainer 86 has been displaced so that the desired tensile 

force is applied to the implant 24 and the implant 24 to be tightened about the bone segments 2.6a 

and 26b to reduce size of the osteotomy location 30. In accordance with the illustrated 

embodiment, the implant 24 may be a bone fixation member, such as a cable tie.

[0048] Referring to Figs. 2A-3, each bone fixation member 24 can include a flexible 

member, such as strap 32 that defines a strap body 33 and has first end 34a and a second end 34b 

opposite the first end 34a along the length of the strap 32, a needle tip 36 that extends from the 

first end 34a, and a locking mechanism 38 that extends from the second end 34b. The strap 32 

can be made from any suitable biocompatible material as desired, such as PEEK.

[0049] Each bone fixation member 24 can further include a first initiation region 40 

that extends from the first, end 34a toward the second end 34b along a portion of a length of the 

strap 32 (for instance, approximately 1/3 the length of the strap 32) and a second locking region 

42. that extends between the first initiation region 40 and the second end 34b. In accordance with 

the illustrated embodiment, the second locking region 42 extends from the first initiation region 

40 to the second end 34b. The second end 34b may define a support surface. The bearing 

- 7 -
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member 84 can abut the support surface. The first initiation region 40 can include a plurality of 

small protrusions that extend out from the strap body 33 and alternate with recessed regions 

disposed between adjacent protrusions. Alternatively, the initiation region 40 can be 

substantially smooth and devoid of protrusions or teeth. The second locking region 42 can 

include a plurality of locking teeth 48 that extend out from the strap body 33 a distance greater 

than the protrusions and are separated by recessed regions 51 disposed between adjacent locking 

teeth. It should be appreciated that the locking region 42 can extend along any postion up to all 

of the s trap body 33 as desired.

[0050] The locking mechanism 38 includes a housing 50 a strap receiving slot 52 that 

extends through the housing 50 and is configured to receive the first end 34a of the strap 32. In 

accordance with the illustrated embodiment, the first end 34a is inserted through rhe slot 52 to 

define a loop 55 disposed along a side of the locking mechanism 38. The loop 55 encircles the 

target bone 28. The locking mechanism 38 is configured to allow the strap 32 to translate uni­

directionally through the slot 52 along the direction of Arrow A so as to reduce the size of the 

loop 55 about the first and second segments 26a and 26b of the target bone 28. For instance, the 

needle tip 36 can be inserted through the slot 52 and subsequently removed, for instance by 

cutting a neck 56 of the strap body 33 that defines reduced thickness at a location adjacent the 

needle tip 36, such that rhe strap 32 remains in the slot 52. In accordance with the illustrated 

embodiment, the locking mechanism 38 includes a locking member such as a tongue 54 that is 

connected to the housing 50 and includes at least one complementary tooth such as a plurality of 

locking teeth 58 that extend into the slot 52. 'The locking teeth 58 defme a beveled leading edge 

60 that that is configured to cam over complementary beveled leading edges 49 of the locking 

teeth 48 when the strap 32 is translated through the slot 52 along the direction of Arrow A. The 

locking teeth 58 and 48 farther define trailing edges 62 and 47 that are sloped less than the 

beveled leading edges 60, such that the trailing edges 62 and 47 engage to prevent rhe strap 32 

from translating through the slot 52 along the direction opposite Arrow A, which would increase 

the size of the loop 55.

[0051] During operation, the strap 32 is wrapped around the first and second segments 

26a and 26b of the target bone 28, and the needle tip 36 is inserted through rhe slot 52 and pulled 

through the slot 52 so as to cause the strap 32 to subsequently translate through the slot 52. The 

needle tip 36 can be removed from the strap 32, and the strap 32 can then be farther pulled, for 

instance manually, through the siot 52. As the strap 32 is translated through the locking 

mechanism 38 aiong the direction of Arrow A, the small protrusions of the initiation region 40 

- 8 -
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can slide through the slot 52 without engaging the locking teeth 58 of the locking mechanism 38. 

As the locking region 42 of the strap 32. is translated through the slot 52 along the direction of 

Arrow A, the locking teeth 48 and 58 can engage to prevent the tension that is induced in the 

strap 32 from causing the strap 32 to back out of the slot 52 along a direction opposite Arrow A. 

For instance, as the strap 32 translates through the locking mechanism 38 along the direction of 

Arrow A, the size of the loop 55 about the target bone 28 decreases until the desired tension has 

been induced in the strap 32.
[0052] Referring now to Figs. 4A-4D, the tensioning instrument 22 includes an 

instrument body 64 that defines a front or distal end 66, an opposed rear or proximal end 68 

spaced from the front end 66 in the longitudinal direction L, and opposed sides 70a, 70b that are 

spaced along a lateral direction A that is substantially perpendicular to the longitudinal direction

L. The distal end 66 can define the bearing member 84 such that actuator 82 extends from the 

proximal end 68 to the bearing member 84. In accordance with the illustrated embodiment, the 

body 64 is elongate in the longitudinal direction L to define a length, has a thickness that extends 

along the transverse direction T and a width that extends along the lateral direction A. It should 

be appreciated that the longitudinal direction L may be referred to as a first direction and the 

lateral direction A may be referred to as the second direction. Alternatively, the longitudinal 

direction L may be referred to as a second direction and the lateral direction A may be referred to 

as the first direction. The instrument body 64 can be made of any material suitable for medical 

use. The material can be a metallic material, e.g. stainless steel, titanium, a titanium based alloy, 

a polymeric material, e.g. such as PEEK, or a combination of a metallic and a polymeric 

materials.

[0053] Turning to Figs. 1A, 4C, and 4D, the instrument 22 includes the actuator 82 and 

the bearing member 84. Further, the instrument 2.2 is configured such that the retainer 86 

extends from a select location 85 of the actuator 82. For instance, the retainer 86 can be attached 

to the actuator 82 at the select location 85 or monolithic with the actuator 82 at the select location 

85. The select location 85 is spaced a distance from the bearing member 84. The retainer 86 is 

configured to move relative to the bearing member 84 in the longitudinal direction L, for 

instance in a proximal direction 7, so as to apply a tensile force along the retainer 86 when the 

retainer 86 is attached to the implant 24. In accordance with the illustrated embodiment, the 

instrument 22 is configured such that when opposing compressive forces Fl and F2 (Fig. 1A) are 

applied to the actuator 82 along the lateral direction A, the actuator 82 is deformed toward the 

retainer 86. Deformation of the ac tuator 82 toward the retainer 86 in the lateral direction A

- 9 -
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moves the retainer 86 away from the bearing member 84 in the proximal direction 7, increasing 

the distance between the location 85 and the bearing member 84 as further detailed below. 

Movement of the retainer 86 in the proximal direction 7 pulls the implant 24 in the proximal 

direction 7. For instance, when the actuator 82 is in the first configuration (Fig. 4C), rhe retainer 

86 is in a first position relative to the bearing member 84. When actuator 82 is in the second or 

actuated configuration (Fig. 4D), the retainer 86 has been displaced to a second position relative 

to bearing member 84 that is spaced from first position in the longitudinal direction L, for 

instance the proximal direction 7.

[0054] Turning to Fig. IB, the bearing member 84 is configured to be placed against a 

first portion of the impl ant 2.4, such as the locking mechanism 38, such that a second portion of 

the implant 24, such as the strap 32, can be inserted into the retainer 86. The bearing member 84 

can maintain the first portion of the implant 24 in position relative to the retainer 86 as the 

retainer 86 moves in the proximal direction 7. In accordance with the illustrated embodiment, 

when the instrument 22 is positioned so that the bearing member 84 abuts surface 34b and the 

retainer 86 is attached to strap 32, actuation of the actuator 82 causes the attached portion of the 

strap 32 to advance through the locking mechanism 38. As further detailed below, application of 

the actuation forces Fl and F2 causes the actuator 82 to deform, thereby displacing the retainer. 

The actuator 82 is configured such that application of the forces Fl and F2 deforms the actuator 

82 to an extent that is that is sufficient overcome any frictional forces between the strap 32 and 

locking mechanism 38.

[0(155] Turning to Fig. 4B, the bearing member 84 defines a receptacle 67 configured to 

receive a portion of the retainer 86, and a channel 95 configured to receive therethrough a 

portion of the implant 24 that is connected to the retainer 86. The bearing member 84, or distal 

end 66 of the instrument body 64, defines opposed walls 92 and 93 spaced apart along the lateral 

direction A and a distal wall 94 that extends between the walls 92 and 93. The walls 92 and 93 

extend from the actuator 82 toward the distal wall 94. The walls 92, 93 and 94 define an inner 

surface (not numbered) that at least partially defines the receptacle 67. The receptacle 67 has a 

thickness R that extends from the inner surface of wall 92 to the inner surface of the wall 93 

along the lateral direction A. The receptacle 97 has a proximal portion 69a and a distal portion 

69b that is disposed relative to the proximal portion 69a toward the distal end 66 in the distal 

direction 9. The thickness R can taper toward the distal wall 94 such that the thickness R at the 

distal portion 69b is less than rhe thickness R at the proximal portion 69a. The thickness R of 

the distal portion 69b is slightly greater than the thickness of a distal end 16 of the retainer 86 

- 10-
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such that portion of the wails 92 and 93 that define the distal portion 69b of the receptacle 67 

provide a frictional fit with the distal end 16 of the retainer 86. The frictional fit between the 

retainer 86 and bearing member 84 improves instrument stability when the instrument 22 

actuated and is cutting the received bone fixation member 24 as further detailed below. As 

discussed above, the channel 95 extends through the distal wall 94 in the longitudinal direction 

L. The channel 95 is sized and configured to receive the strap 32 (Fig. 2A) of the bone fixation 

member 24 therethrough. The strap 32 can extend through the channel 95 and may be retained 

by the retainer 86 as further detailed below.

[0056] Continuing with Figs. 4A and 4B, the retainer 86 can extend from the select 

location 85 of the actuator 82 toward the bearing member 84. In accordance with the illustrated 

embodiment, the retainer 86 is elongate along a retainer axis 12 and includes a retainer proximal 

end 14 and a retainer distal end 16 spaced from the retainer proximal end 14 along the retainer 

axis 12. The retainer proximal end 14 may be coupled to the instrument body 64 opposite the 

bearing member 84 such that retainer 86 extends from the proximal end 68 of the instrument 

body 64 toward bearing member 84. Alternatively, the retainer proximal end 14 may be 

monolithic with the actuator 82. The distal end 16 of the retainer 86 can be aligned with the 

bearing member 84 when the instrument 22 is in the first or initial configuration. However, the 

retainer 86 can be configured such that that the distal end 16 of the retainer 86 is not aligned with 

bearing member 84 when the instrument 22 is in the initial configuration. The distal end 16 of 

the retainer 86 carries a locking assembly 172a and/or 172b configured to receive and attach to 

the implant 24, as will be further detailed below’.

[0057] The actuator 82 is configured to deform in response to application of the 

compressive forces Fl and F2 so as to displace the retainer 86 along the longitudinal direction L. 

As discussed above, the actuator 82 includes the flexible portion 89. The flexible portion 89 can 

include a first actuation member 74 and a second actuation member 76 opposed to the first 

actuation member 74. The first and second actuation member 74 and 76 can be spaced apart from 

the retainer 86 in the lateral direction A. In accordance, with the illustrated embodiment, the first 

and second actuation members 74 and 76 can be configured as first and second arms, respective, 

configured to flex or bend at specific locations along each actuation member when a compressive 

force Fl, F2 are applied to flexible portion 89 of the actuator 82. The first actuation member 74 

includes a front end 75a disposed adjacent to the bearing member 84, a rear end 75b disposed at 

the proximal end 68 of the instrument 22, and a first support member 78 disposed between the 

front and rear ends 75a and 75b. The first actuation member 74 is elongate and extends along a 
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first actuator axis 4 (Fig. 4C). The first actuation member 74 defines an inner surface 88a that 

faces the retainer 86, and an opposed outer surface 88b. The second actuation member 76 also 

includes a front end 77a adjacent to the bearing member 84, a rear end 77b disposed at the 

proximal end 68 of the instrument 22, and a second support member 79 disposed between the 

front and rear ends 77a and 77b. The second actuation member 76 is elongate and extends along 

a second actuator axis 5 (Fig. 4C). The second actuation member 76 defines an inner surface 90a 

that faces the retainer 86, and an opposed outer surface 90b.

[0058] Turning to Fig. 4A, the actuator 82 can include at least one articulation, such as 

a plurality of articulations 80a-80d and 8la-8 Id, respectively. In accordance with the illustrated 

embodiment, the first and second actuation members 74 and 76 each define at least one 

articulation, such as a plurality of articulations 80a-80d and 8 la-8 Id, respectively. In this regard, 

the first and second actuation members 74 and 76 may be referred to as articulating actuators that 

are configured to articulate when compressive forces F1 and F2 are applied to the flexible 

portion 89 of the actuator 82. The first actuation member 74 can include a first plurality of 

articulations 80a, 80b, 80c, and 80d. A first pair of articulations 80a and 80b are located 

between the rear end 75b of the first actuation member 74 and the support member 78, and a 

second pair of articulations 80c and 80d are located between the support member 78 and the 

front end 75a of the first actuation member 74. The first actuation member 74 also includes first 

and additional support members 83a and 83b disposed between each articulation in the first and 

second pairs of articulations.

[0059] Continuing with Fig. 4A, the second actuation member 76 includes a second 

plurality of articulations 81a, 81b, 81c, and 8 Id, and one or more support members 87a, 87b. 

Articulations 81a and 81b are located between the rear end 77b of the second actuation member 

76 and the support member 79. Articulations 81c and 8Id are located between the support 

member 79 and front end 77a of the second actuation member 76. A s illustrated, the first 

actuation member articulations 80a, 80b, 80c, 80d may be aligned with the second actuation 

member articulations 81a, 81b, 81c, and 81 d along the lateral direction A. The second actuation 

member 76 also includes first and second support members 87a and 87b disposed between each 

articulation in the respective first and second pairs of articulations. The rigid support members 

78 and 79, and the support members 83a, 83b and 87a, 87b (support members are referred 

sometimes here with reference sign “83” and “87”) are generally more rigid than the articulations 

80a-80b and 8 la-8 Id. Accordingly, the support member 78, the first support member 83a, and 

the second support member 83b of the first actuation member may be referred to collectively as 
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rigid support members. Likewise, the support member 79, the first support member 87a, and the 

second support member 87b of the second actuation member 76 may also be referred to 

collectively as rigid support members.

[0060] Referring to Fig. 4A, the thickness of the first and second actuation members 74 

and 76 can vary along the respective actuation member axes 4 and 5. For instance, the support 

members 78, 83, and 79, 87 can have each have thickness that is different compared to the 

thickness of each articulations 80a-80d and 81a-81d. This difference in thickness can facilitate 

deforming the actuator 82 into the actuated configuration. The first and second actuation 

members 74 and 76 define a support member thickness T1 and T2 at the respective support 

members 78, 83a, 83b and 79, 87a, 87b. The support member thickness T1 extends from the 

inner surface 88a to the outer surface 88b along a direction that is perpendicular to the respective 

first actuation member axis 4. The second actuation member support member thickness T2 

extends from the inner surface 90a to the outer surface 90b along a direction that is perpendicular 

to the second actuation member axes 5. Thickness T1 can vary among each support member 78, 

83a, and 83b. Further, thickness T2 can vary for each support member 79, 87a, and 87b.

[0061] Continuing with Fig. 4A, each articulation defines a thickness that is generally 

less than the support member thicknesses. For instance, each articulation along the first 

actuation member 74 defines a first articulation thickness DI (not shown) that is perpendicular 

the first actuation member axis 4. The articulation thickness DI is less than the thickness of the 

support member 78, the first support member 83a, and the second support member 83b. Each 

articulation 81 along the second actuation member 76 defines a second articulation thickness D2 

that is perpendicular to die second actuation member axis 5. The second articulation thickness 

D2 is less than the thickness of the support member 79, the first support member 87a, and the 

second support member 87b. It should be appreciated that the articulation thickness DI, D2 may 

van,' for each articulation along the first and second actuation members 74 and 76.

[0062] Referring now to Figs. 4C and 4D, the articulations 80a-80d and 8 la-8 Id can 

define stress risers along the respective actuation members 74 and 76 formed by the transition 

between the support member thicknesses Tl, 1'2 and the articulation thicknesses DI, D2. Forces 

Fl and F2 applied to the actuator 82 causes localized bending at the stress risers, which in turns 

causes the rigid support members 78, 83a, 83b, 79, 87a, 87b to bend relative to the first and 

second sets of articulations 80a-80d, and 81a-81d, respectively. Accordingly, compressive 

forces Fl and F2 applied to the first and second actuation members 74 and 76 cause pronounced 

bending at the articulations 80a-80d and 8 la-8 lb, while other portions of the actuation members 
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74 and 76, such as the rigid support members, are subject to less bending. Thus, the actuator 82 

is adapted to have flexibility that permits the first and second actuation members 74 and 76 to 

bend in response to loads applied by a user’s hand and a stiffness that causes retainer 86 to 

displace relative to the bearing member 84. Further, the actuator 82 has a resiliency that causes 

the first and second actuation members 74 and 76 to revert their respective undeformed positions 

when forces Fl and F2 are released from the actuator 82.

[0063] The actuator 82 is configured to have a first shape in the initial configuration 

(Figs. 1A and 4C) and a second shape that is different than the first shape when the actuator 82 is 

in the second actuated configuration (Figs. IB and 4D). In accordance with the illustrated 

embodiment, each actuation member 74 and 76 can define a generally trapezoidal shape with 

respect to the retainer 86 when the actuator is in the initial configuration. In addition, the 

actuation member 74 and 76 can define a generally linear shape that is aligned with the 

longitudinal direction L when the actuator 82 is in the actuated configuration (Figs. IB. 4D). 

Application of the compressive forces Fl and F2 to the flexible portion 89 of the actuator 82 

cause the first and second actuation members 74 and 76 to bend at each articulation 80a-80d, 

8 la-8 Id, while bending in the rigid support members 78,83,79,87 is minimized. This results in 

the first and second actuation members 74 and 76 flexing into the generally linear shape as 

illustrated in Figs. IB and 4D. When compressive forces Fl and F2 are removed from the 

instrument 22, the first and second actuation members 74 and 76 revert or spring back into the 

initial configuration with the generally trapezoidal shape as shown in Figs. 1A and 4C. 

Accordingly, it can be said that the shape of the actuator 82 is configured such that application of 

a forces sufficient to deform the actuator 82 will overcome frictional forces acting between 1) the 

bone fixation member 24 and the locking mechanism 38, and 2) the bone fixation member 24 

and the bone, thereby causing displacement of the retainer 86 and the attached the bone fixation 

member 24 relative the locking mechanism 38. For instance, if a user applies opposing forces Fl 

and F2 to the actuator 82 along a direction that is perpendicular to the longitudinal direction L, 

the first and second actuation members 74 and 76 deform, causing the select location 85 to move 

away from the bearing member 84, which causes the retainer 86 to retract the bone fixation 

member 24 away from the locking mechanism 38. When forces Fl and F2 are applied the 

actuator 82 to deform the actuator 82, the deformed actuator 82 stores a potential energy that is 

sufficient to return the actuator 82 to its initial configuration. When the forces Fl and F2 are 

released, the potential energy stored in the deformed actuator 82 causes the actuator 82 to revert 

to its initial configuration.
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[0064] The first and second actuation members 74 and 76 can have or include any other 

structure, device, or feature, or have any shape, that is adapted to allow deformation of the 

actuator 82 and resultant movement of the retainer 86 along the longitudinal direction L. In 

accordance with an alternative embodiment, each articulation can be configured as a groove 

defined at one or both of the inner surfaces 88a, 90a and the outer surfaces 88b, 90b. Such a 

groove may extend partially or completely across the actuator axes 4, 5. In other alternative 

embodiments, the articulations can be configured as a hinge. The articulations can include any 

other structure, or device, or feature that will permit a rigid support member to pivot relative to 

the adjacent pivot support member. Further, the first and second actuation members 74 and 76 

can be configured without articulations described above. In accordance with such an alternative 

embodiment, the first and second actuation members 74 and 76 can be curved with respect to a 

point (not shown) defined by the retainer 86. For instance, the first and second actuation 

members can be elongate along respective curved axes. Each curved axis can have one radius of 

curvature, or alternatively multiple radii of curvature. For instance, the curved actuation 

members can have a curved axis in the shape of a semi-circle. Further, the curved actuation 

members can have any number of cross -sectional shapes, such as circular, rectilinear, square and 

the like.

[0065] Referring to Figs. 4C and 4D, applying forces Fl and F2 to the flexible portion 

89 of the actuator 82 causes the actuation members 74 and 76 to deform, thereby causing 

proxima l end 68 of the instrument 22 to move along the longitudinal direction L away from the 

bearing member 84. The result is increasing the distance X between the select location 85 and 

the bearing member 84 when the actuator 82 is actuated. In accordance with the illustrated 

embodiment, the select location 85 is spaced a distance X from bearing member 84 in the 

longitudinal direction L when the actuator 82 is in the first configuration. When the actuator 82 

is actuated into the second configuration, the actuation members 75 and 76 deform causing the 

select location 85 to move further away from the bearing member 84 thereby increasing the 

distance. For instance, instrument 22 can have a first distance X that extends from the location 

85 of the actuator 82 to the bearing element 84 when the actuator 82 is in the first configuration. 

The instrument 22 defines a second distance Y that extends from the location 85 of the actuator 

82 to the bearing element 84 that is greater than the first distance X when the actuator 82 is in the 

second actuated configuration. Further, it can be said that when the actuator 82 is in the first or 

initial configuration as shown in Fig. 4C, the instrument 22 has a first effective length 2 that 

extends from the distal end 66 to the proximal end 68 along a longitudinal axis 8 that is aligned 
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with the longitudinal direction L. When the actuator 82 is in the actuated configuration as shown 

in Fig. 4D, the instrument 22 has a second effective length 3 that extends from the distal end 66 

to the proximal end 68 along the longitudinal axis 8 that is greater than the first effective length 

2. The difference between the second effective length 3 and the first effective length 2 

corresponds to the extent that the retainer 86 is moved relative to the bearing member 84. In the 

illustrated embodiment, when the instrument 22 has not been actuated, the distal end 16 of the 

retainer 86 is spaced from the inner surface of the distal wall 94 a distance El. When the 

instrument 22 is actuated, the distal end 16 of the retainer 86 is spaced from the inner surface of 

the distal wall 94 a distance E2. The difference between distance E2 and El is the extent of 

retainer 86 displacement relative to the bearing member 84. While the illustrated embodiment 

shows the distal end 16 of the retainer 86 spaced from the distal wall 94 a distance El, the 

retainer 86 can abut the distal wall 94 in an initial configuration. In such an embodiment, El 

may be at or near zero (0).

[0066] Referring now to Figs. 5A-5C, the instrument 22 may include at least one 

cutting assembly 120 configured to cut the implant 24 when the retainer 86 is attached to the 

implant 2.4. The cutting assembly 120 may include one or more blades supported by the bearing 

member 84 and configured to cut the implant 24. The bearing member 84 is configured to carry 

at least one blade 101, such as a pair of blades 101 and 102. The first blade 101 extends from the 

first wall 92 toward the channel 95 and the second blade 102 extends from the second wall 93 

toward the channel 95 and is spaced from the first blade 101. The first and second blades 101 

and 102. are positioned on the retainer 86 to define a gap 106 that extends between the blades 101 

and 102. The gap 106 has a gap dimension that extends along the lateral direction A. The 

channel 95 can have a channel dimension that extends along the lateral direction A that 

corresponds to the gap dimension. In other embodiments, the gap dimension can be slightly less 

than the channel dimension or greater than the channel dimension. The bearing member 84 can 

include a coupler 108 that retain the blades 101 and 102 in position on the bearing member 84. 

In the embodiment illustrated in Figs. 5A-5C, the coupler 108 includes grooves 110a and 110b 

sized to receive the respective blades 101 and 102, and at least one projection 112. spaced from 

the grooves 110a and 110b toward the channel 95. One end of the blades 101 and 102 are held 

in the grooves 110a and 110b and the opposed ends of the blades 101 and 102 are biased against 

the projection 112. The strap 32 has a width W that extends in the transverse direction T such 

that, the strap width W is less than the gap dimension. Because the strap width is less than the 

gap dimension, rotation of instrument 22 along a rotational direction 13 about the axis 8 causes 
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the blades 101 and 102 to cut into the received strap 32 while torsional force applied to the strap 

32 shears the strap 32.

[0067] Referring to Figs. 6.A-6B, the instrument 22 may include one or more locking 

assemblies configured to secure a portion of the implant 24 to the retainer 86. As illustrated, the 

distal end 16 of the retainer 86 supports a first locking assembly 172a and a second locking 

assembly 172b. The locking assemblies 172a and 172b are substantially similar. Accordingly, 

only the first locking assembly 172a will be described below. In accordance with the illustrated 

embodiment, the locking assembly 172a includes a locking member 174a configured to secure 

the strap 32 to the retainer 86. When the strap 32 is secured to the retainer 86, movement of the 

retainer 86 along the longitudinal direction L can apply tension along the strap 32. The locking 

member 174a includes a lock body 176, a slot 177 that extends through the lock body 176, and at 

least one complementary tooth such as a plurality of locking teeth 178a that extend into the slot 

177. The lock body 176 includes legs 179a and 179b coupled to the retainer 86. Further, the 

lock body 176 defines a first surface 180 and an opposed second surface 181. The second 

surface 181 can define the teeth 178a. The first and second surfaces 180 and 181 can at least 

partially define the slot 177. In an alternate embodiment, the legs 179a and 179b can be flexible 

so as to permit iteration of the locking member 174a to transition or bias between one or more 

positions.

[0068] The retainer 86 can support the first locking assembly 172a In a first orientation 

and support the second locking assembly 172b in a second orientation that is opposite the first 

orientation. Thus, the instrument 22 can be attached to the strap 32 of the implant 24 regardless 

of how the instrument 22 is orientated relative to the strap 32. For instance, the first locking 

assembly 172a is disposed in the retainer 86 such that the teeth 178a extend generally toward the 

wall 92. The second locking assembly 172b is disposed in the retainer 86 such the teeth 178b are 

disposed generally toward the wall 93. In this regard, the first orientation can be when the teeth 

178a (or 178b) extend toward wall 92 and the second orientation is opposite the first orientation 

such that the teeth 178a (or 178b) extend toward the wall 93.

[0069] In accordance with an alternative embodiment, the instrument 22 can be 

configured to selectively advance the implant 24 along the proximal direction 7. For instance, 

the retainer 86 channel 95 configured to receive a portion of an Implant 24. The retainer 86 

includes an inner surface, for instance the surfaces of locking assemblies 172a and 172b, that is 

configured to selectively engage and disengage the received portion of the implant 24. The 

actuator 82 can be operable to move the retainer 86 relative to the bearing member 84 from a 
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first position to a second position displaced from the first position along a proximal direction, 

and to subsequently return the retainer 86 from the second position to the first position long the 

distal direction that is opposite the first direction. The retainer 86 is configured to engage the 

received portion of the implant 24 as the retainer 86 moves in the proximal direction, and 

disengage from the received portion of the implant 24 as the retainer moves in the distal 

direction. Engagement and disengagement between retainer and the portion of the implant can 

be repeated to advance the implant 24 further through the channel 95 of the retainer.

[0070] Turning to Figs. 7A and 7B, the instrument 422 can be configured similarly to 

the instrument 22 described above. The instrument 422 can include an actuator 482, a bearing 

member 484, and a retainer 486. The description for instalment 422 below will use the same 

reference numbers for elements that are common to both instruments 22 and 422. The bearing 

member 484 and retainer 486 in instrument 422 are similar to the bearing member 84 and 

retainer 86 of instrument 422. Thus, the bearing member 484 can define a receptacle that is 

similar to the receptacle 67 above. The receptacle is sized to receive a distal end 416 of the 

retainer 486 and define a friction fit with between walls 93 and 94 and retainer distal end 416. In 

addition, the bearing member 484 carries a cutting assembly 120. Further, the instalment 442 

can include a locking assembly 442 that is similar to the locking assembly 172 described above 

and illustrated in Figs. 6A-6B. For instance, the locking assembly 442 is configured similarly to 

the locking assemblies 172a and 172b discussed above. As such, the locking assembly 442 may 

include locking member 174, which includes the lock body 176, a slot 177 that extends through 

the lock body 176, and locking teeth 178 that extend into the slot 177.

[0071] Continuing with Figs. 7A and 7B, the actuator 482 can be a curved body 464 

configured to actuate the retainer 486 from a first position as shown in Fig. 7A into a second 

position (not shown) in the proximal direction 7. The curved body 464 or actuator 482 can 

include a first curved actuation member 474 and a second actuation member 476. The first or 

curved actuation member 474 is elongate along a curved axis 404 between the instrument 

proximal end 68 and the bearing member 484. The first actuation member 474 includes side 

extensions 478a and 468b that extend outwardly with respect to the axis 404 to define a hand 

support. The second actuation member 476 is elongate along a curved axis 505. The second 

actuation member 476 includes grip holes 450a, 450b, and 450c. The grip holes 450a, 450b, and 

450c are sized to receive a user’s fingers. A user can grip the actuator 482 such that the user’s 

palm is adjacent to the extensions 478a and 478b and the user’s fingers can extend into holes 

450a-450c. The curved actuator 482 is configured such that when the instrument 422 is in the 
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first or initial configuration, forces are sufficient to deform the flexible portion are sufficient to 

overcome the frictional forces acting between the bone fixation member 24 and the locking 

mechanism 38 so that the bone fixation member 24 is advanced a sufficient distance for 

reduction of the osteotomy location 30. Application of rhe force Fl and F2 to the curved 

actuator 482 along a direction that is perpendicular to the longitudinal direction L causes the first 

and second curved actuation members 474 and 476 to deform into a more linear shape, which 

causes the retainer 486 to retract in the proximal direction 7 when the implant 24 is attached to 

the retainer 486. When the forces F1 and F2 are applied to deform the instrument 422, thereby 

deforming the actuator 482, the deformed actuator 482 stores a potential energy that is sufficient 

to return the actuator 482 back to the initial configuration. When the forces Fl and F2 are 

removed from the instrument 422, the actuator 482 reverts back to its initial configuration.

[0072] Turning to Figs. 8A and 8B, an instrument 472 in accordance with another 

embodiment of the present disclosure is illustrated. The instrument 472. is constructed 

substantially similar to the instrument 22 described above and shown in Figs. 1A-6C. Elements 

common between instruments 22 and 472 have the same reference numbers unless noted 

otherwise. In accordance with the alternate embodiment, the instrument 472 includes a bearing 

member 494 that extends from the actuator 82 (not shown). The bearing member 494 can 

include an upper wail 492 and a cutting assembly 150 that is supported by the upper wall 492 

and is configured to cut the implant 24. The cutting assembly 150 includes at ieast one blade 

122 supported by an actuator 156. The actuator 156 is configured to move biade 122 along a 

direction G that is aligned with or offset with respect to the lateral direction A. Movement of 

blade along the direction G cuts the implant 24 by severing the retained portion of the strap 32 

from the locking mechanism 38 (not shown). The actuator 156 can be a lever 158 connected to 

the bearing member 494. The bearing member 494 and lever 158 can be monolithic or separate 

pieces. The lever 158 includes a base 157 that is connected the wail 92 of the bearing member 

494, and a support member 159 that receives and is attached to the blade 122 and extends toward 

the strap 32. The lever 158 is configured to bias the blade 122 away from the strap 32 along the 

lateral direction A. Application of a force F3 to the lever 158 biases the lever 158 toward the 

bearing member 494, which in turn causes the blade 122 to cut the strap 32. In other 

embodiments, the cutting assembly 150 can include an additional actuator positioned on a wail 

(not shown in Figs. 8A and 8B) opposite wall 492 of the bearing member 484.

[0073] Turning to Figs. 9A and 9B, another instrument 502 includes a bearing member 

504 and a cutting assembly 120 configured to cut the implant 24, according to another 
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embodiment of the disclosure. The instrument 502 is similar to the instrument 22 and similar 

reference signs are for elements common to instruments 22 and 502. In accordance with the 

illustrated embodiment, the bearing member 504 includes a first or upper wall 506, a second or 

lower wail 508, and a third or distal wali 510. The bearing member 504 also includes coupling 

member 128 that projects from the distal wall 510 along the axis 8. The instrument 502 also 

includes a cutting assembly 120 that includes at least one, such as pair of blades 122 and 124 

supported by a blade actuator 126. The biade actuator 126 is rotatably coupled to the coupler 
member 128, such that blade actuator is rotatable with respect to the bearing member 504. The 

blade actuator 126 positions the blades 122 and 124 relative to the strap 32. The blade actuator 

126 is configured to rotate relative to the bearing member 504 of the instrument 22. The blade 

actuator 126 includes a body 130 that extends along the axis 8. The body 130 defines a bore 132 

that extends along the axis 8. The body 130 further defines an inner surface 134 and an opposed 

outer surface 136 spaced from inner surface 134 along a direction that is perpendicular to axis 8. 

The inner surface 134 defines the bore 132. The inner surface 134 also defines an engagement 

member 138, such as a recess. The body 130 also defines a distal facing surface 139 that is 

configured to carry the blades 122 and 124. In accordance with one embodiment, the distal 

facing surface 139 defines a pair of cutouts (not numbered) that receive and hold the blades 122 

and 124 on the actuator 126. The coupler 128 may include a projection 140 that extends from 

the bearing member 504 along the distal direction 9 into the bore 132, and an engagement 

member 142 coupled to the blade actuator 126. The projection 140 is sized to fit within the bore 

132 so that the blade actuator 126 can rotate relative to the projection 140 about the axis 8 in the 

rotational direction 13. The engagement member 142 fits within the complementary shaped 

engagement member 138 on the blade actuator 126. The engagement members 138 and 142 are 

configured to retain the blade actuator 126 in position on projection 140 along a longitudinal 

direction, yet permit the blade actuator 126 to rotate about the projection 130 in the rotational 

direction 13. Accordingly, the engagement member 138 can be annular groove defined by the 

body 130 and the engagement member 142 can be ridge that extends around the perimeter of the 

projection 140. It should be appreciated the engagement member 138 can be a ridge and the 

engagement member 142 can be a groove or recess. The blades 122 and 124 are spaced apart to 

define a blade gap distance Bl that extends in the lateral direction A between the blades 122 and 

124. The strap 32 has a width W that extends in the transverse direction T such that the strap 

■width W is less than the blade gap distance B. As blade actuator 126 is rotated along a rotational 
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direction 13, the blades 122 and 124 cut into the strap severing the retained portion of the strap 

32. from the locking mechanism 38.

[0074] Turning to Figs. 10A-10F, one or more blade configurations may be used with 

any of the cutting assemblies described above. In accordance with the illustrated embodiment, 

the blade 100 can include a blade body 103 and pair of cutting edges 104a and 104b angularly 

offset with respect to an axis 109. The cutting edges 104a and 104b intersect to define a blade 

tip 105. Further, the blade body 103 may have a cross-sectional shape that is V-shaped. In other 
embodiment shown in Figs. 10C and 10D, the cutting edge 104 is curved. Further, the blade 

body 103 may have a cross-sectional shape that is U-shaped. In addition, the blade 100 can have 

cutting edge 104 that is angulate offset with respect to the blade axis 109. The blade body 103 

may have a cross-sectional shape that generally linear. While several blade configurations are 

illustrated, it should be appreciated that any blade configuration can be used with the instrument 

22.

[0(175] Turning now to Fig. 11, an instrument 522. according to another embodiment of 

the present disclosure include a bearing element 526 and a stabilizing assembly 160 configured 

to couple the instrument 522 to the locking mechanism 38, yet permit the instrument 552 to 

rotate relative to the stabilizing assembly 160 and locking mechanism 38 so as to cut the retained 

portion of the strap 32. The instrument 522 is constructed substantially similar to the instrument 

22 described above and shown in Figs. 1A-6B. Accordingly, elements common to instruments 

22 and 522 will use similar reference numbers. In accordance with the alternative embodiment, 

the bearing member includes opposed walls 52.4 and 525, and a distal wall 527. The stabilizing 

assembly 160 includes a body 162 that defines a front end 164, a rear end 161 spaced from the 

front end 164 along the longitudinal direction L, and a bore 166 extending therethrough along the 

longitudinal direction L. The body 162 further defines an inner surface 168 that extends between 

the front and rear ends 164 and 161. The inner surface 168 defines the bore 166. The bore 166 

includes a front, or implant receptacle portion 170a and a rear, or instrument receptacle portion 

170b. The implant receptacle portion 170a is sized and configured io mate with an outer surface 

of the locking mechanism 38 of the implant 24. The rear portion 170b is sized and configured to 

receive the bearing member 84. The body 162 includes legs 163a and 163b that partially define 

the rear portion 170b of the bore 166. The legs 163a and 163b include respective first 

engagement members 165a and 165b. The walls 524 and 525 define second engagement 

members 167a and 167b shaped to mate with the first engagement members 165a and 165b. In 

accordance with the illustrated embodiment, the first engagement members 165a and 165b are 
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projections and the second engagement member 167a and 167b are complementary shaped 

recesses or grooves. It should be appreciated the engagement members 165a and 165b may be a 

recess and the engagement members 167a and 167b may be grooves. When the stabilizing 

assembly 160 is coupled to the locking mechanism 38 and the bearing member 84 of the 

instrument is received in the bone portion 170b, the instrument 522 is rotatable about the axis 8, 

relative to the stabilizing assembly 160 and the locking mechanism 38. In an alternative 

embodiment of instrument 522, the engagement member 165a and 165b could extend 

circumferentially about the axis 8. In such an embodiment, the distal end 66 of the instrument 

522, for instance the bearing member 526, may have a circular cross-sectional shape that 

conforms to a similarly shape portion of the bore 166. Further, the engagement members 167a 

and 176b could extend circumferentially around the bearing member 526 to engage with the 

circumferentially disposed engagement members 165a and 165b.

[0076] In an alternate embodiment, the instrument 522 may be selectively decoupled 

from the stabilizing assembly 160 so that the instrument 522 can rotate relative to the stabilizing 

assembly 160 and the locking mechanism 38. In such an embodiment, the legs 163a and 163b 

are spaced apart and define a gap that extends therebetween. The bearing member 84 is coupled 

to the stabilizing assembly 160 as described above. In accordance with the alternative 

embodiment, in order to rotate the instrument 522, the bearing member 84 can be decoupled 

from the stabilizing assembly 160 by biasing the bearing member 84 out of engagement with the 

legs 163a, 163b. For instance, the legs 163a, 163b can ilex outwardly as the bearing member 84 

is pulled in proximal direction 7 so the engagement members 165 and 167 disengage. When the 

bearing member 84 is decoupled, the instrument 522 may be rotated as needed to cut the strap 

32.

[0077] As showm in Figs. 12A. and 12B, another embodiment of an instrument 562 

includes a locking assembly 572 carried by a retainer 586. The instrument 562 is similar to the 

instrument 22 described above and therefore the description of instrument 562 below will use the 

same reference numbers for elements that are common between instruments 22 and instrument 

562, such as the actuator 82, bearing member 84, and the cutting assembly 120. In accordance 

with the alternative embodiment, the retainer 586 carries the locking assembly 572 and the 

locking assembly 572 is configured to transition between a locked configuration as shown in Fig. 

12A wherein the inserted strap 32 is fixed to the retainer 586, and an unlocked configuration as 

shown in Fig. 12B, wherein the locking assembly 572 is not secured to the strap 32 such that the 

strap 32 is permitted to translate along the retainer 586 in the distal direction 9.
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[0078] Continuing with Figs. 12A and 12B, in accordance with the illustrated 

embodiment, the locking assembly 572 includes a locking member 574. The locking member 

574 includes a lock body 576 and at least one tooth such as a plurality of locking teeth 578. The 

lock body 576 includes legs 579a and 579b coupled to the retainer 586. The legs 579a and 579b 

are flexible so as permit transition of the locking member 574 between the locked and unlocked 

configurations. Further, locking assembly 572 can include a surface 581 opposed to the teeth 

578. The surface 581 does not have teeth. The distal end 516 of the retainer 586 defines at least 
one chamber 19 sized to hold the locking member 574. The retainer 586 can define a retainer 

inner surface that includes opposed surface portions 17a and 17b. The retainer inner surface can 

at least partially define the chamber 19. The retainer inner surfaces 17a and 17b may be referred 

to as an inner surface 17. The legs 579a and 579b are spaced apart from the respective surface 

portions 17a and 17b so as to provide clearance for the lock body 576 to move between the 

locking and unlocked configurations. When the strap 32 is inserted into the retainer 586 through 

the channel 95, the strap 32 translates along the proximal direction 7 over the locking member 

174 so that strap teeth 48 engage locking member teeth 578. Further translation of the strap 32 

causes the legs 579a and 579b to ilex, biasing the locking member 574 into the unlocked 

configuration (Fig. 12B) such that the strap 32 can further translate in the proximal direction 7. 

When the instrument 522 is actuated such that the retainer 586 is displaced, and is therefore 

retracted away from the locking mechanism 38 of the bone fixation member 24 in the proximal 

direction 7, the locking member 574 is biased into the locked configuration (Fig. 12A) wherein 

the teeth 48,578 engage to prevent the strap 32 from translating in the distal direction 9.

[0079] In the embodiment illustrated in Fig. 13, an instrument 622 according to another 

embodiment of the present disclosure includes a bearing member 84, a retainer 686, and locking 

assemblies 672a and 672b carried by the retainer 686. The instrument 622 is similar to the 

instrument 22 and 562 described above. The locking assembly 672a is substantially similar the 

locking assembly 672b, thus only locking assembly 624a will be discussed below. The locking 

assembly 672a includes a locking member 674a. The locking member 674a includes a lock body 

676a and at least one complementary' tooth such as a plurality of locking teeth 678a. The lock 

body 676a includes legs 679a and 679b coupled to the retainer 686. In use, the first locking 

assembly 672a is disposed in the retainer 686 such that the teeth 678a extend generally toward 

teeth 678b of the second locking assembly 672b. In this regard, the first locking assembly 672a 

can be supported by the retainer 686 in a first orientation and the second locking assembly 672b 

is supported by the retainer 686 in a second orientation that is opposite the first orientation, 
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similar to the locking assemblies 172a and 172b described above. During use, the instrument

622 can attach to the strap 32 of the implant 24 regardless of how the instrument 622 is 

orientated relative to the strap 32. The distal end 616 of the retainer 686 defines at least one 

chamber, such as a pair of chambers 619a and 619b sized to house the locking assemblies 672a 

and 672b. The retainer 686 can define a retainer inner surface s 617a and 617b that at least 

partially defines respective chambers 619a and 619b.

[0080] Turning to Fig. 14, an instrument 722 according to another embodiment of 

disclosure includes a first and second locking assemblies carried by a retainer 786. The 

instrument 722 is similar to the instrument 22 described above and therefore the description of 

instrument 722 below will use the same reference numbers for elements that are common 

between instruments 22 and instrument 722, such as the actuator 82, bearing member 84, and the 

cutting assembly 120.

[0081] Continuing with to Fig. 14, the instrument 722 can include the locking 

assemblies that may be configured as first and second locking inserts 182 and 183. The inserts 

182 and 183 are configured similarly and thus only one insert 183 will be described below. The 

insert 183 includes a lock body 776, teeth 778, and flexible legs 779a and 779b. The legs 779a 

and 779b are coupled to the retainer 786. The retainer 786 can include an upper chamber 719a 

and an opposed lower chamber 719b that hold the first and second locking inserts 182 and 183, 

respectively. The retainer 786 can include an upper wall 31 a that is angularly offset with respect 

to lateral direction A so as define an upper beveled surface 184a, and a lower wall 3 lb that is 

angularly offset with respect to the lateral direction A to define a lower beveled surface 184b. In 

accordance with the illustrated embodiment, the inserts 182 and 183 are configured to transition 

between a locked configuration and an unlocked configuration. For instance, the legs 779a and 

779b are flexible in order to allow the insert 183 to bias between an unlocked configuration (not 

shown), wherein the strap 32 is moveable along the retainer 786, and the locking configuration, 

wherein the strap teeth 48 are engaged with the teeth 778 of the insert 182 and the strap 32 is 

attached to the retainer 786. The beveled surfaces 184a and 184b provide room for the inserts 

182 and 183 to bias from locked configuration into the unlocked configuration. Further, use of 

the two inserts 182 and 183 permit the strap teeth 48 to engage with the teeth 778 and 781 of the 

locking inserts 182 and 183 regardless of how the instrument 722 is orientated with respec t to the 

strap 32, as described above with respect instrument 22.

[0082] Turning to Fig. 15, an instrument 822 according to another embodiment of the 

present disclosure includes a locking assembly, configured as a locking insert 186, carried by a 
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retainer 886. The instrument 822 is similar to the instruments 22 and 722 described above. The 

description of instrument 822 below will use the same reference numbers for elements that are 

common between instruments 2.2, 722, and 822. The locking insert 186 is configured to iterate 

between a locked configuration and an unlocked configuration. As illustrated, the insert 186 

includes the lock body 876 that a pair of legs 879 and 881. The legs 879 ad 881 terminate at 

engagement members 883 and 885, respectively. The retainer 886 includes a surface 817 that 

least partially defines the chamber 819, walls 821a and 821b, and a beveled portion 884. In 

accordance with the alternative embodiment, the inner retainer surface 817 can define a pair of 

complementary shaped engagement members 893 and 895 that receive the engagement members 

883 and 885, respectively, thereby coupling the locking assembly 874 to the retainer 886. As 

noted above, the legs 879 and 881 may be flexible to permit the insert 186 to bias between the 

locked configuration and an unlocked configuration as described above.

[0083] Referring now to Figs. 16A and 16B, an instrument 922 according to another 

embodiment of the disclosure is configured to permit the selective release the attached portion of 

the implant 24 from the retainer 986. The instrument 922 is similar to the instrument 22 

described above and therefore the description of instrument 922 below will use the same 

reference numbers for elements that are common between instruments 2.2 and instrument 992, 

such as the actuator 82 and bearing member 84, and cutting assembly 120. In accordance with 

the illustrated embodiment, the retainer 986 can include one or more release actuators 190 that 

selectively 1) couple the locking assembly 972, and thus the retainer 986, to the received portion 

of the implant. 24, and 2) decouple the locking assembly 972 from the received portion of the 

implant 24. The locking assembly 972 includes a locking member 974. The locking member 

974 includes legs 979a and 979b and teeth 978. As shown in Figs. 16A and 16B the actuator 190 

is configured as a lever 191 that is biased upwardly away from a retainer wall 923 such that the 

retainer wall 923 and lever 191 define a gap 192 . The lever 191 includes an upper surface 193a 

and lower surface 193b that faces the retainer wall 923. The upper surface 193a defines the 

chamber 919 and engagement recesses 196 (one numbered) that receive and couple the legs 779a 

and 779b of the locking member 972 to the lever 191. The lever 191 includes an actuation tab 

194 that extends outward from the retainer 986 and through a slot (not shown) in the bearing 

member 84. When the actuation tab 194 is depressed in the lateral direction A toward the 

retainer wall 923, the locking member 974 is decoupled from the strap 32 so that the teeth 48 

disengage from the teeth 978 of the locking member 974. When the locking member 974 is 

decoupled from the implant 24, the instrument 922 can advance along the strap 32 in the distal
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and/or proximal directions 9 and 7 as needed. When the actuation tab 194 is released, the lever 

191 is biased toward the strap 32 so that teeth 178 of the locking member 974 engage the teeth 

48 of the strap 32.

[0084] Turning to Fig. 17, an instrument 942 according to another embodiment of the 

disclosure is configured to permit the selective release of the attached portion of the implant 24 

from the retainer 986. The instrument 942 is similar to the instrument 922 described above and 

the description of instrument 942 below will use the same reference numbers for elements that 

are common between instruments 922 and instrument 942, such as the actuator 82, bearing 

member 84, and the cutting assembly 120. In accordance with the alternative embodiment, the 

retainer 986 includes a lever 990 configured to move to the locking member 975 into and out of 

engagement with the strap 32. The retainer 986 includes a distal end 916 and a coupler 997 

connects the distal end 916 to the lever 990. The lever 990 includes an upper surface 993 that 

defines and recesses 995a and 995b for receiving the legs 979a and 979b of the locking member 

975.
[0085] Turning to Fig. 18A, another embodiment of an instrument 1022 is configured 

similar to the instrument 22 described above. The description below with respect to instrument 

1022 will use reference numbers for elements that are common to instrument 22 and 102.2. In 

accordance with the illustrated embodiment, the instrument 1022 includes a limiter assembly 195 

that operates to limit displacement of the retainer 1086 in the proximal direction 7 when the 

actuator 82 is in the actuated configuration. For instance, when the retainer 1086 is attached the 

implant 24 and the actuator 82 is actuated so as to translate the retainer 1086 relative to the 

bearing member 84 in proximal direction 7, the force limiter assembly 195 prevents further 

increase of the distance X (not shown) between the bearing element 84 and the select location 85 

of the actuator 82, which prevents further displacement of the retainer 86 and the retained portion 

of the implant 24. Accordingly, the limiter assembly 195 can prevent the implant 24 from being 

excessively tightened around the bone segments 28a and 28b. In osteoporotic bone, for 

example, there is risk that the strap 32 can pulled through the locking mechanism 38 to such an 

extent that the loop 55 cuts into the bone segments 28a and 28b. The force limiter assembly 195 

is configured to prevent advancement of the strap 32 through the locking mechanism 38 beyond 

the point at which the bone fixation member 24 would cut into bone.

[0086] The force limiting assembly 195 illustrated in Fig. 18A can include a first 

release member 196a releaseably coupled to a second release member 196b. The first and 

second release members 196a and 196b are coupled during operation of the instrument 1022 as 
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described above, yet are configured to decouple when the force applied along the retainer 1086 

exceeds a predetermined threshold. For example, the threshold may be 420 N. The threshold 

can be adjusted as needed and thus can be higher or lower than 42.0 N. The proximal end 1014 

of the retainer 1086 can define the first release member 196a and the proximal end 68 of the 

instrument 1022 can define the second release member 196b. Specifically, the instrument 1022 

can include a projection 197 that extends toward a projection proximal end 198 in the 

longitudinal direction L away from the select location 85 of the actuator 82. The projection 197 

can define the second release member 196b in the form a curved recess that extends into the 

projection 197 in the proximal direction 7. The first release member 196b can be configured as a 

curved node that has a shape complementary to the curved recess defined by the projection 197. 

The projection proximal end 198 may extend at least partially around the curved node when the 

retainer 86 is coupled to the instrument body 64. It should be appreciated that while the first 

release member 196b can define the curved node and the second release member 196b can define 

the curved recess, the first release member 196a can define the curved recess and the second 

release member 196b can define the curved node. For instance, either the retainer or instrument 

body can define the curved recess. Further, either the retainer or the actuator can define the 

curved node.

[0087] Continuing with Fig. 18A, in operation, the first and second release members

196a and 196b decouple when the tensile force applied along the retainer 86 exceeds the 

predetermined threshold as the retainer 1086 and retained portion of the implant 24 is being 

translated into the retracted position (not shown). As noted above, the instrument 922 applies a 

tensile force along the retainer 86 and the implant 24 in the distal direction 9 when 1) the retainer 

86 is attached to the implant 24, and 2) forces Fl, F2 are applied to actuator 82 along the lateral 

direction A so that the retainer 1086 translates relative to the bearing member 84 into the 

retracted position. As the force increases up to the predetermined threshold, the projection 

proximal end 198 biases outwardly and releases the curved node 196a from the curved recess 

196b. When the curved node 196a is released, the retainer 1086 is no longer coupled to the 

proximal end 68 of the instrument body 64 and will no longer translate relative to bearing 

member 84. In this regard, the first and second release members 196a and 196b are configured 

as the force limiter assembly 195.

[0088] Turning to Fig. 18B, the instrument 1062 is configured similarly to instruments 

22 and 1022 described above. In accordance with the alternative embodiment, the instrument 

1062 can includes a force limiter assembly 1095 according to another embodiment. The force 
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limiter assembly 1095 can be configured as a biasing member 1097 that can resist displacement 

of the actuator 82 in the proximal direction 7 when the actuator is in the second or actu ated 

configuration. For instance, when the retainer 2086 is attached the implant 24 and the actuator 

82 is actuated so as to translate the retainer 2086 relative to the bearing member 84 along the 

longitudinal direction L, the force limiter assembly 1095 can prevent further displacement of 

retainer 2086. In accordance with the illustrated embodiment, the biasing member 1097 couples 

the proximal end 2014 of the retainer 2086 to the proximal end 68 of the instrument 1062. The 
biasing member 1097 can define a spring length SI (not shown) that extends from the proximal 

end 2014 of the retainer 2086 to toward the select location 85. The biasing member 1097 can be 

a curved body configured to function as a tension spring. In other embodiments, the biasing 

member 1097 can be a coiled tension spring coupled between the proximal end 2014 of the 

retainer 86 and the actuator 82. The biasing member 1097 can be any other structure or device 

that deforms in response to an applied load. In operation, the force limiter assembly 1095 

illustrated in Fig. 18B is configured to limit the force applied to retainer 2086 and thus the 

implant 24 via the biasing member 1097. As noted above, as the force is applied along the 

retainer 86 increases, the biasing member 1097 is extended from a first spring length S1 to a 

second spring length S2 (not shown) that is greater than the first spring length S1. The biasing 

member 497 can be configured with spring constant that limits further translation of the retainer 

2086 when the tensile force meets a predetermined threshold, such that biasing member 1097 

does not extend beyond a spring length S2. Ii should be appreciated that any type of biasing 

member can be used as a force limiter.

[0089] Turning now to Figs. 19 through 25, other embodiments of the present 

disclosure includes bone fixation systems 200 and 300. Bone fixation system 2.00 and 300 

includes respective bone fixation implants 210 and 310 each of which are configured secure a 

first bone segment 204, such as a bone flap, and to a second bone segment 206, such as a skull 

following a craniotomy. The bone fixation systems 200 and 300 include instruments 250 and 

350, respectively, configured to apply a tensile force the implants 210 and 310 to secure the 

implants 210 and 310 against the bone segments.

[0090] Referring to Figs. 19-22, the bone fixation system 200 can include the bone 

fixation implant 210 and a tensioning instrument 250 configured to urge the bone fixation 

implant into a clamping configuration against the bone segments 204 and 206. The bone fixation 

implant 210 can be configured as a cranial flap clamp that includes a first clamping member 212, 

a second clamping member 214, and a coupling element 216 that extends from the first clamping 
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member 212 along a first direction 201 that is angularly offset with respect to outer bane facing 

surface of the first clamping member 212. The coupling element 216 is configured to be coupled 

to an actuator 252 of the tensioning instrument 250. The bone fixation implant 210 can be made 

of any material suitable for medical use, such as stainless steel, titanium, a titanium based alloy, 

or a resorbable polymeric material.

[0091] Referring to Fig. 20, the first clamping member 212 can include a first clamp 

body 213 having a first or inner surface 218 and a second or outer bone facing surface 220. The 

inner surface 218 may be convex and the outer surface 220 may be concave. The outer bone 

surface 2.20 may include one or more engagement teeth 22.1 configured to engage with inner 

surfaces 205a and 205b of the bone segments 204 and 206, respectively.

[0092] The second clamping member 214 includes a second damp body 217 that 

defines an inner bone facing surface 228, an outer surface 230 opposed to the inner bone facing 

surface 228, and a bore 232 that extends along a bore axis 207. The body 217 includes a wall 

237 that defines the bore 232. The second clamp body 217 can define a support surface 269. 

The wall 237 carries a locking member 236 that extends into the bore 232. The locking member 

236 may be one or more engagement teeth 238 that project toward the bore axis 207. Further, 

the bone facing surface 228 of the second damping member 214 can cany engagement, teeth 239 

that, extend toward the outer bone surfaces 209 and 211 along a direction toward the first clamp 

member 212. The engagement teeth 239 can engage with the outer surfaces 209 and 211 the 

bone segments 204 and 206, respectively.

[0(193] Referring now to Figs. 19 and 20, the coupling element 216 extends from the 

first clamping member 212 along a proximal direction 7. In accordance with the illustrated 

embodiment, the coupling element 216 extends from the first clamping body 213, through the 

bore 232 of the second damping body 217, and attaches to the actuator 252. at the selection 

location 185. The coupling element. 216 can include an outer surface 234 that defines one or 

more engagement teeth 235a and notches 235b. When the coupling element 216 extends through 

the bore 232, the wall engagement teeth 238 engage the notches 235b defined by the coupling 

dement. 216. The teeth 235a and 238 are configured so that the coupling dement. 2.16 can 

translate through the bore 232 along an axis 203 in the proximal direction 7 while preventing the 

coupling element 216 from translating in the opposite distal direction 9. The coupling element 

216 can be monolithic to the first clamping body 2.13 or it can be attached to the first clamping 

body 213 using any number of known methods.
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[0094] The tensioning instrument 250 includes a bearing member 254 and an actuator 

252 spaced from the bearing member 254 in the proximal direction 7 that is aligned with the 

longitudinal direction L. The tensioning instrument 250 includes an instrument body 262 that 

defines a distal end 264, and an opposed proximal end 266 spaced from the distal end 264 along 

the longitudinal direction L. The actuator 252 extends from the proximal end 266 to the bearing 

member 254. The instrument distal end 264 can define the bearing member 254. As discussed 

above, the actuator 252 can define the select location 185, which may be the location from where 

the coupling element 216 is attached to and extends from the actuator 252. The instrument 250 

may include a cutting assembly that includes at least one blade 101 carried by the bearing 

member 254 and configured to cut tlie retained portion of the bone fixation implant 210 (or 

coupling element) when the bone fixation implant 210 has been urged into the clamping 

configuration (Fig. 21). Further, the instrument 250 may include a limiter assembly that is 

similar to the limiter assemblies 195 and 1095 described above and illustrated in Figs. 18A and 

18B.

[0095] The ac tuator 252 is configured to, in response to application of the compresses 

forces Fl and F2, transition from a first configuration, wherein a portion of the actuator 252 is 

spaced from the retainer in direction perpendicular to the proximal direction, into the second 

actuated configuration, wherein the portion of the actuator deforms so as to increase the distance 

between the selection location 185 and the bearing member 254. The actuator 252 includes 

flexible portion 289 that deforms when the forces Fl an F2 are applied thereto. The actuator 

flexible portion 289 includes a fsrst actuation member or first arm 270 and a second actuation 

member or second arm 272 opposed to the first actuation member 270. In accordance with the 

illustrated embodiment, the first and second actuation members 270 and 272 may flex at spaced 

apart locations along each actuation member when the compressive forces Fl, F2 are applied to 

the actuator 252. Accordingly, the first and second actuation members 270 and 272 may include 

one or more articulations 274 (not shown), such as a plurality of articulations. The first and 

second actuation members 270 and 272 include proximal ends 277a and 277b and opposed distal 

ends 278a and 278b, respectively. Actuation member proximal ends 277a and 277b may be 

disposed adjacent the proximal end 266 of the instrument body and actuation member distal ends 

278a and 278b may be adjacent to the bearing member 254. In alternative embodiments, the first 

and second actuation members 270 and 272 can be curved so as to extend along a curved axis, 

similar the actuation members 74 and 76 described with respect to instrument 22. The actuator 

252 can therefore have a similar structure to and function similar to the actuator 82.
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[0096] Turning to Fig. 20, the bearing member 254 is configured to abut the support 

surface 2.69 of the second clamp body 217 so as to brace the instrument 250 for actuation and 

displacement of the attached coupling element 216. The bearing member 254 of the instrument 

250 includes spaced apart walls 280 and 282. The walls 280 and 282 define a channel 285 that 

extends along the longitudinal direction L and is sized and configured to receive a portion of the 

bone fixation implant 210, for instance the coupling element 216. At least the walls 280 and 282 

may carry one, for instance a pair of blades 100. The instrument body 262 also includes gripping 

members 284a and 284b (Fig. 19) that extend from the walls 280 and 282 along the lateral 

direction A.

[0097] Referring to Figs. 19-22, the coupling element 216 may be elongate along an 

axis 203 and further defines a proximal end 286 and a distal end 288 spaced from the proximal 

end 286 along the axis 203. The coupling element proximal end 286 may be coupled to the 

location 185 of the actuator 252. The coupling element distal end 288 can be attached to or 

monolithic ’with first clamp body 213. In alternate embodiments, the instrument 250 can include 

a retainer that extends from the location 185 toward the bearing element. In such an 

embodiment, the coupling element proximal end 286 can be attached to the retainer.

[0098] Turning to Figs. 21 and 22, the instrument body 262 can define a throughbore 

241 sized to receive the coupling element proximal end 286. The instrument body 262 includes 

an outer body surface 263a, an inner body surface 263b, and a transverse surface 263c that 

extends between the outer and inner body surfaces 263a and 263b. The transverse surface 

defines the throughbore 241. The throughbore 241 includes a proximal portion 242a and a distal 

portion 242b spaced from the proximal portion 242a along the axis 203 toward the distal end 

268. The instrument body 262 includes opposed sides surfaces 267a and 267b spaced apart along 

the transverse direction T. The cavity 244 extends from the surface 267b in the transverse 

direction T toward surface 267a, and from the surface 263b toward surface 263a in the 

instrument longitudinal direction L so to define the open cavity 244. For instance, the cavity 244 

is open to define a U-shaped cavity (Fig. 20b). The throughbore 241 thus defines a neck 245 

between the proximal portion 242a and distal portions 242b of the throughbore 241. The cavity 

244 has a first cross-sectional dimension Z that extends from a first point along surface 263c to 

an opposing point on surface 263c along a lateral direction A. The proximal end 286 of the 

coupling element 216 carries an expanded bearing member 246 sized to fit within the cavity 244. 

When the expanded bearing member 246 is seated in the cavity 244, the coupling element 216 is 

coupled to the instrument body 262 such that compressing the actuator 252 causes the coupling 
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element 216 to translate along the axis 203 in the proximal direction 7, thereby clamping the 

bone segments 204 and 206 between the first and second clamp members 212 and 2.14. Further, 

because the cavity 244 is open along the side surface 267b, the bearing member 246 can bias into 

and out of engagement with instrument body 262 as needed. For instance, the coupling element 

216 can be inserted through the bore 232 of the second implant member 214 into the cavi ty 244.

[0099] In accordance with an embodiment, the instrument 250 is configured so that 

when opposing compressive forces Fl and F2 are applied to the flexible portion 289 of the 
actuator 252 along the lateral direction A, the coupling element 216 is displaced the relative to 

the bearing member 254 in the proximal direction 7, 201 . Displacement of the coupling 

element 216 in the proximal direction 7 urges the first clamp member 212. and the second clamp 

member 214 toward each other.

[0100] Turning now to Figs. 23-25, the bone fixation system 300 include the bone 

fixation implant 310 and a tensioning instrument 350 configured to urge the bone fixation 

implant 310 into a clamping configuration against the bone segments 204 and 206. The bone 

fixation implant 310 includes a first or inner clamping member 312 and a second or outer 

clamping member 314. The bone fixation implant 310 can include a clamp engagement assembly 

311 that extends from the inner clamping member 312 and is configured to engage the second 

clamping member 314. The bone fixation implant 310 can be made of any suitable 

biocompatible material as noted above.

[0101] Turning to Figs. 23 and 2.4, in accordance with the illustrated embodiment, the 

first clamping member 312 includes a first clamp body 313 having an inner surface 318 and an 

outer bone facing surface 320. The inner surface 318 may be convex and the outer surface 320 

may be concave. The outer surface 320 may include one or more engagement teeth (not shown) 

configured to engage with the inner surfaces 2.05a and 205b of the bone segments 2.04 and 206. 

The first clamp body 313 defines throughbore 338 that extends along the axis 203. The 

throughbore is sized to receive a distal end 388 of the instrument 350, such as a retainer 356. 

The throughbore 338 includes a proximal portion 339a and a distal portion 339b spaced from the 

proximal portion 339a along the axis 203. The distal portion 339a defines a cavity 340.

[0102] Continuing with Figs. 23 and 24, the second clamping member 314 includes a 

second clamp body 317 that defines an inner bone facing surface 328 and an outer surface 330 

opposed to the inner bone facing surface 32.8. The second clamp body 317 defines a central 

opening 332c that is aligned with the throughbore 338 of the first clamp body 313 along the axis 

203, and the first and second openings 332a and 332b spaced from the central opening 332c.
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The central opening 332c can receive therethrough the retainer 356. The first and second 

openings 332a and 332b extend along curved bore axes (not shown) in a direction away from the 

axis 203. The second clamp body 317 includes a pair of guide members 335a and 335b coupled 

to or monolithic with the body 317 and are configured to span across the openings 332a and 

332b (Fig. 25) and are spaced from the outer surface of the clamp member 314 so as define 

respective path that is aligned with the openings 332a and 332c. The first and second openings 

332a and 3 32b are configured to receive and guide the engagement assembly 311.

[0103] In accordance with the illustrated embodiment, the engagement assembly 311 is 

monolithic with the first clamping member 312 or it can be attached to the first clamping 

member 312 and can extend through the second clamp member 314. The clamp engagement 

assembly 311 includes at least one flexible member, for instance first and second flexible 

members 316a and 316b. The first and second flexible members 316a and 316b are configured 

to extend through the first and second openings 332a and 332b of the second clamp member 314, 

respectively. Because the first and second flexible members 316a and 316b are configured 

similarly, only the flexible member 316a is described herein for ease of illustration. The flexible 

member 316a includes a body 319 that includes a base 32.2, a terminal end 324 spaced from the 

base 322 along the axis 321, and an outer surface (not numbered). The body 319 can cany one 

or more engagement members 326, such as teeth. The engagement members 326 are configured 

to couple to the second damp member 314. For instance, the engagement members 326 can 

engage with an inner surface (not numbered) of the second clamp body 317 in the opening 332 

or the guide members 335a. The engagement member 326 is configured to couple to the second 

clamp member 314 so as to 1) permit the flexible member 316a to translate through the opening 

332a along the bore axis in a first direction, and 2) prevent the flexible member 316a from 

reversing direction and translating out the opening 332a in a second direction that, is opposite the 

first direction.

[0104] The tensioning instrument 350 is configured to attach to a portion of the implant 

310, and upon actuation of the instrument, urge the first and second clamp members 312 and 314 

toward each other so as to clamp the bone segments 204 and 206 together. The instrument 350 is 

similar to the instrument 22 and instruments 250 describe above. For instance, the instrument 

350 includes a bearing member 354 and an actuator 352 spaced from the bearing member 354 in 

in the longitudinal direction L, and a retainer 356 that extends from a location 385 of the actuator 

352 toward the bearing member 354 and is configured to attach to a portion of the bone implant 

310. Unlike instrument 250 described above where the coupling element 216 can be part of the 
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implant 210, the retainer 356 can be part of the instrument 350 and can be attached to the implant 

310. Further, the instrument 350 may include a cutting assembly, such as blade 101 that is 

configured to cut the portion of retainer 356 after the bone fixation implant 310 has been urged 

into the clamping configuration. The instrument can also include a force limiter assembly that is 

similar to the force limiter 195 and 1095 described above and illustrated in Figs. ISA and 18B.

[0105] The instrument 350 includes an instrument body 362 that includes a proximal 

end 366 spaced from the bearing member 354 along the longitudinal direction L, such that body 

362 defines at least a portion of the actuator 352 and at least portion of the bearing member 354. 

The bearing member 354 includes a distal surface 368 of that is configured to abut the support 

surface 369 of the second clamp member 314 and brace the instalment 350 against the second 

clamp member when the actuator 352 is actuated as discussed below.

[0106] The actuator 352 can include a flexible portion 389 that can be deformed so as 

to cause the location 385 to move in the proximal direction 7 away from the bearing member 

354. The location 185 and bearing member 354 can define a distance extending therebetween as 

described above in connection with instrument 22 and Figs. 4A-4D. As such, deformation of the 

actuator 352, and in particular of the flexible portion 389, causes the distance between the 

location 185 and the bearing member 354 to increase.

[0107] The flexible portion 389 can include first and second actuation members 370 

and 372. The first and second actuation members 370 and 372 can be curved so to extend along 

curved axes with respect to a point (not shown) defined by the retainer 356. The actuator 352 

can therefore transition from the first configuration where the first and actuation members 370 

and 372 are spaced apart from the retainer 356 and have a first or a curved shape, into an 

actuated configuration where the actuation members 370 and 372 are deformed and have a 

second or more linear shape and positioned toward the retainer 356. In an alternative 

embodiment, the first and second actuation members 370 and 372 may include at least one 

articulation (not shown), such as a plurality of articulations. Thus, the first and second actuation 

member 370 and 372 can be constructed and function similar to the first and second actuation 

members 72 and 74 described above with respect to instalment 22.

[0108] In accordance with the illustrated embodiment, the retainer 356 extends from the 

proximal end 366 of the instrument body 362 toward the bearing member 354 through the 

opening 332c and is coupled the first clamp member 312. The retainer 356 is elongate along the 

axis 203 and further defines a retainer proximal end 386 and a retainer distal end 388 spaced 

from the retainer proximal end 386 along the axis 203. The retainer distal end 388 is attached to 
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the first clamping member. The distal end 388 of the retainer 356 includes an enlarged portion 

346 sized to fit within the cavity 340 of the first clamping member 312.

[0109] Continuing with Figs. 23 and 24, in operation, the bearing member 368 can abut 

the surface 369 of the second implant member 314 when the actuator 352 is in the first 

configuration. Compressing the actuator 352 in a direction toward the retainer 356 deforms the 

flexible portion 389 and causes the location 185 to displace away from the bearing member 354. 

Displacement of the location 185 of the actuator 352 causes the retainer 356 to translate through 

the opening 332c relative to the bearing member 354 in the proximal direction 7. The distal end 

388 of the retainer 356 then urges the first clamping member 312 to advance toward ihe bone 

surface 205, while the second clamping member 314 advances toward the opposing bone 

surfaces 209 and 211. As the retainer 356 translates through the second clamp member 314, the 

flexible members 316a and 316 translate through the respective openings 332a and 332b and 

slide along ihe surface 330 away from the axis 203 so ihai ihe terminal ends 322a and 332b are 

oriented toward an outer periphery of the clamping member 314 positioning the bone fixation 

implant 310 in the clamping configuration. Thereafter, the instrument 350 can be rotated about 

axis 203 to cause the blade 101 to cut the retainer 356, leaving the implanted bone fixation 

implant 310 as shown in Fig. 25. An alternative to cutting the retainer 356 is to bias the bearing 

member 346 out of engagement with the cavity 340 and pull the retainer through the opening 

332c. In such an embodiment, the engagement assembly 311 is configured to lock the first 

clamp member 312 to the second clamp member 314.

[0110] With respect to the bone implants 210 and 310 described above and shown in 

Figs. 19-25, reference to “first” or “second” are used for purposes of illustrating the various 

embodiments of the bone fixation system 2.10, 310. Thus, the inner clamp member 212, 312 can 

be referred to as a first clamp member or a first portion of the implant 210, 310 and the outer 

clamp member 214,314 can be referred to as the second clamp member or a second portion of 

the implant 210,310. Alternatively, the inner clamp member 212, 312 can be referred to as a 

second clamp member or a second portion of the implant 210, 310 and the outer clamp member 

214,314 can be referred to as the first clamp member or a first portion of the implant 210,310.

[OUT] Another embodiment of the present disclosure can include a method for 

applying tension to an element. The element can be an implant or a portion of the implant, such 

as the implant 24 shown in Figs 1 -18B, such that the method can be performed using any one of 

the instruments illustrated in Figs. 1 through 18B. In addition, the element, can be the implant 

shown with bone fixation system 300 illustrated in Figs. 23-25, such that the method can be 
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performed using instrument 350 illustrated in Figs. 23-25. The method includes placing a 

bearing member, such as bearing member 84 or any other similar bearing member, against a first 

portion of the element. A second portion of the element can be coupled to the retainer, for 

instance retainer 86, or any other similar retainer described above. When the second portion of 

the element is coupled to the retainer, the retainer extends from a location of the actuator that is 

spaced from the bearing member in a proximal direction. The actuator can be similar to the 

actuator 82 or other similar actuators described above. The method can include the step of 
applying an actuation force to the portion of the ac tuator toward the retainer, causing the actuator 

to deform and mo ve the location of the actuator and the retainer relative to the bearing member 

in the proximal direction, thereby applying a tensile force to the second portion of the element. 

The applying step can further include moving the retainer from a first position relative to the 

bearing member to a second position that is spaced from the first position in the proximal 

direction, thereby applying the tensile force to the second portion of the element. The method 

can include the step of limiting further movement of the retainer relative to the bearing member. 

In accordance with a particular embodiment of the method, the elemen t is a bone fixation 

member, wherein the first portion of the element is a lock and the second portion of the element 

is a strap. In accordance with the embodiment of the method for applying tension to an element 

using the bone fixation system illustrated in Figs. 23-25, the element is an implant, and the first 

portion is a first bone implant configured to face a first surface of a bone, the second portion is a 

second bone implant that is configured to face a second surface of the bone that is opposite the 

first surface. Such a method can include and the coupling the retainer to the second bone 

implant.

[0112] Another embodiment of the present disclosure includes a method for securing an 

implant to bone using the bone fixation system illustrated in Figs. 19-22, which includes an 

implant having a first portion configured to face a first surface of a bone, a second portion 

configured to face second surface of the bone that opposite the first surface, and a coupling 

element that extends from the second portion through the first portion of the implant. In 

accordance with such an embodiment, the method includes placing a bearing member against the 

first portion of the implant. The method includes attaching the coupling element to the actuator 

at a location that is spaced from the bearing member in a proximal direction, such that a flexible 

portion of actuator is spaced from the coupling element in a direction that is perpendicular to the 

proximal direction. The method includes applying an actuation force to the flexible portion of 

the actuator toward coupling element, which causes the actuator move the coupling element 

- 36 -



WO 2015/167920 PCT/US2015/027266

relative to the bearing member in the proximal direction, thereby urging the second portion of the 

implant toward the first portion of the implant.
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0 Claims:

1. An instrument comprising:

a bearing member configured to abut a first portion of an implant;

an actuator spaced from the bearing member in a proximal direction, the actuator 

including a flexible portion, the flexible portion including a first actuation member and a 

second actuation member that is opposed to the first actuation member in a direction 

that is perpendicular to the proximal direction; and

a retainer configured to attach to a second portion of an implant, the retainer 

extending from a location on the actuator toward the bearing member, the location 

spaced from the bearing member a distance in the proximal direction, wherein the 

retainer is configured such that a portion of the retainer is extendable to an inside of a 

receptacle defined by the bearing member, the receptacle is sized so as to provide a 

frictional fit between the retainer and bearing member, and the retainer is disposed 

between the first actuation member and the second actuation member,

wherein application of a force to the actuator deforms the flexible portion so as 

to increase the distance between the location and the bearing member,

wherein, in response to the force applied to the actuator, the actuator transitions 

from a first configuration where the retainer is in a first position relative to the bearing 

member to a second actuated configuration where the retainer is in a second position 

relative to the bearing member that is spaced from first position along a longitudinal 

direction that defines the proximal direction,

wherein the first and second actuation members each include at least one 

articulation, and the first and second actuation members are bendable at each of the at 

least one articulation so as to cause the actuator to transition from the first configuration 

into the second actuated configuration.

2. The instrument according to claim 1, wherein when the force is applied to the 

flexible portion of the actuator toward the retainer, the flexible portion of the actuator 

deforms so as to increase the distance between the location and the bearing member.
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0 3. The instrument according to claim 2, wherein the actuator is configured such that 

deformation of the flexible portion causes the distance to increase along a longitudinal 

direction that defines the proximal direction.

4. The instrument according to claim 1, wherein the actuator includes a proximal 

end spaced from the bearing member in the proximal direction, the proximal end 

including the location, wherein the flexible portion is coupled to the proximal end of the 

actuator and to the bearing member, such that, when the flexible portion is deformed, 

the proximal end of the actuator is displaced relative to the bearing member, thereby 

increasing the distance between the location and the bearing member.

5. The instrument according to claim 1, wherein the first and second actuation 

members are elongate along respective first and second axes, wherein when the actuator 

is in the first configuration, the first and second actuation members are each curved such 

that each of the first and second axes define a respective curvature, and when the 

actuator is in the second actuated configuration, the first and second actuation members 

are deformed such that the respective curvature of the first and second axes decreases.

6. The instrument according to claim 1, wherein the first and second actuation 

members each include at least one rigid member adjacent to a respective one of the at 

least one articulation, wherein the at least one rigid member is less flexible than the at 

least one articulation.

7. The instrument according to any one of the claims 1 to 6, wherein the retainer 

includes at least one locking member, the at least one locking member configured to 

attach the second portion of the implant to the retainer.

8. The instrument according to claim 7, wherein the at least one locking member 

carries a set of teeth configured to engage the second portion of the implant.

9. The instrument according to claim 1, further comprising a release actuator that 

is configured to selectively release the implant from the retainer when the retainer is 

attached to the second portion of the implant.
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0 10. The instrument according to claim 1, wherein the portion of the retainer is 

received within the receptacle when the retainer is in the first position.

11. The instrument according to claim 1, wherein the bearing member carries at 

least one blade configured to cut the second portion of the implant when the second 

portion of the implant is attached to the retainer.

12. The instrument according to claim 1, further comprising a cutting assembly 

supported by the bearing member, the cutting assembly including the at least one blade 

and a blade actuator, wherein actuation of the blade actuator causes the at least one 

blade to cut the implant when the retainer is attached to the implant.

13. The instrument according to claim 1, wherein the implant includes third portion, 

wherein the instrument further comprises a removable stabilization member configured 

to couple the third portion of the implant to the bearing member such that the second 

portion of the implant can be attached to the retainer.

14. The instrument according to claim 2, further comprising a force limiter 

configured to prevent the actuator from increasing the distance between the location of 

the actuator and the bearing member when a force along the retainer exceeds a 

predetermined force threshold when the retainer is attached to the second portion of the 

implant.

15. The instrument according to claim 1, wherein the retainer is monolithic with the 

actuator.

16. The instrument according to claim 1, wherein the implant is a cable tie that 

includes a lock and a strap that extends from the lock, and the retainer is configured to 

attach to the strap.

17. A bone fixation system, comprising:

the instrument according to any one of the claims 1 to 16; and
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0 the implant, wherein the implant comprises a bone fixation member that includes 

a locking mechanism and a flexible member that extends from the locking mechanism, 

the flexible member defining a body that defines a terminal end at the first portion of the 

implant, the terminal end configured to extend through the locking mechanism so as to 

define a loop disposed at a first side of the locking mechanism, wherein the terminal end 

extends away from a second side of the locking mechanism that is opposite the first side 

of the locking mechanism and into the retainer.
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