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ORTHOPEDIC BREAK-OFF SCREWS, TOOLS FOR INSERTING SUCH
SCREWS, AND RELATED SYSTEMS AND METHODS

{CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of US. Patent Application No.
15/370.409, fuled Decomber 6, 2016, 1n the name of Daly et al ., the entire disclosure of which

1s mceorporated herem by reference.

FIELD OF THE DISCLOSURE
[0002] The present disclosure gencrally relates to bone fixation, and in particular

relates to a bone fixation element with depth control features.

BACKGROUND

[0003] Bone fixation members, mcluding bone screws, arc conventionally utilized to
correct a number of conditions or mjuries mvolving the “lesser rav™ bones of the hands and
feet. Bv way of one non-himiting example, bone screws may be utihized m hallus valgus
correction procedures of the foot, such as an osteotomy to correct a deformity of one or more
of the hallus valgus angle (HVA) and the micrmetatarsal angle (IMA}, and/or an
interphalangeal deformity. In particular, followimmg the osteotomy, one or more bone SCrews
may be utihized to attix osteotomized bone segments together. With bones sizes on the order
of the smaller ravs of the hands and feet, precise depth control and torque control of the
associated bone screws mav prevent damage caused 1o the bone segments 1 wihich the screws
are mserted.  However, precise depth and torgue control 15 beneficial for bone screws
designed for msertion m other bones as well, mcluding so-called long bones, such as femurs,

tibias, fibulas, humert, radu, uinas, metacarpals, metatarsals, and phalanges, and the like.

SUMMARY

[0004] In accordance with onc cmbodiment, a system for mserting an anchor
member mnto bone mcludes a receiving member and an anchor member receivable within the
receiving member. The recerving member is clongate along a longitudmal axis and has a
proximal end and a distal end spaced from the proximal end along the longitudmmal axis. The
receiving member has an mternal surface that defines a transmussion element. The anchor
member mcludes an engagement element configured to rotatably engage the transmission
clement such that the transmission clement 15 configured to drive the anchor member in a
distal direction relative to the transmussion clement so as to rofatably decouple the

1
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engagement element from the transnussion element. The distal direction extends from the
proxumal end to the distal end of the receiving member and 15 paraliel with the longitudinal
axis.

[0005] In accordance with an additional embodunent, a tool for drnving an anchor
member into bone during cach of a first mode of operation and a second mode of operation
includes a driver and a receiving member that has a proximal end and a distal end spaced from
the proximal end along a longitudinal axis. The driver 1s attachable to the proximal end of the
receiving member so at o rotate the receiving member about the longitudinal axas. The
receving member meludes at least one torque transmission ¢lement.  In the first mode of
operation, the at least one torgue transmussion clement 15 configured to engage at least one
first engagement clement and at least one second engagement clement of a bone fixation
clement 1 a manner to rotate the anchor member about the longitudinal axis. In the second
mode of operation, the at least one torque transmission clement 15 contigured to be decoupled
from the at least one first engagement clement and remain coupled to the at least one second
engagement element. The fool mmcludes a coupler coupled to cach of the dniver and the
recerving member such that, dunng a first portion of the first mode of operation, the driver
and the recerving member are translatably fixed relative {o one another along the longrtudinal
axis, and, durng a second portion of the first mode of operation, the dniver and the receiving
member are translatable relative to one ancther along the longtudmal axis,

[0006] In accordance with a further embodiment. a fixation element mcludes an
anchor member having a proximal end and a distal end spaced from the proxumal end along a
central axis. The anchor member has a hirst plurality of engagement elements sized and
configured to recerve a driving torgue that dnves the anchor member. The fixation eclement
icludes a removable member having a proximal end and a distal end that 1s spaced from the
proxumal end of the removable member along the central axis. The removable member is
adiomed with the anchor member at an miterface, and the removable member mcludes a
second plurality of engagement clements sized and contigured to recerve the driving torgue.
the interface is configured to fracture responsive 10 a predetermiuned torque differential
between the removable member and the anchor member. The first plurality of engagement
clements comprises a first plurality of projections. The seccond plurality of engagement
clements comprises a second phurality of projections. Each of the projections of the first and

second plurality of projections extends radiallv outward and detines a pair of opposed surfaces
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and a penpheral surface extending between the pawr of opposed surfaces. 'The opposed

surtaces of each pair are substantially parallel with one another and with the central axis.

DESCRIPTION OF THE DRAWINGS

[0007] The toregoing summary, as well as the following detatled description of
preferred embodiments of the application, will be better understood when read m conjunciion
with the appended drawings. For the purposes of illustrating the embodiments of the present
application, there 15 shown m the drawings certaim embodiments. I should be understood,
however, that the apphication 15 not linuted to the precise arrangements and instrumentaiitics
shown. In the drawings:

[0008] Fig. 1 is a side view of a fixation e¢lement for msertion mto a bone, according
to an embodiment of the present disclosure:

[0009] FIG. 2 1s a perspective view of the fixation element of FIG. 1]

[0010] FI{. 3 18 a sectional end view of an anchor member of the fixation element of
FI(z. 1, taken along section ling 3-3 of FIG. |

[0011] FIG. 4 1s sectional end view of a removable member of the fixation ¢lement
of ¥iG. |, taken along section hine 4—4 of FIG. 1;

[0012] KI5 18 a magnified secctional view of an attachment location between an
anchor member and a removable member of the fixation clement of FlG. 1, taken along a
longttudmnal axis of the fixation element;

[0013] FIG. 6 15 a perspective view of a driving tool that mcludes a drive adapter
and a drive sleeve, wherein the driving tool configured for mserting the fixation clement of
F1(G. 1 into a bone, according to an embodiment of the present disclosure;

[0014] G 7 1s a perspective, exploded view of the driving tool of FiG. 6;

[0015] FIG R 15 a sectional view of the dnving tool of FIG. 6, taken along a
longitudinal axis of the driving tool;

[0016] FIG. 9A 1s a magmitied sectional view of a portion of the driving tool, as
shown by dashed rectangle B o FIG. §;

[0017] FIG. 9B 13 a magnified sectional view of a portion of the driving tool
according to another embodiment of the present disclosure:

[0018] FIG. 10 1s a side view of the driving tool of FIG. 6 posifioned adjacent a
bone, wherem the dnve adapter and the fixation ¢lement are depicted m an wutial position

relative to the dnve sleeve;

tod
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[0019] FIG. 11 15 a suide view of the dnving tool of FIG. 10, with the fixation
clement partially mserted 1 the bone, and the drive adapter and the fixation ¢lement
rematung in the mitial position relative to the drnive slecve;

[0020] FIG 12 15 a side view of the dnving tool of FIG. 11, with the fixation
clement fully mserted 1 the bone, and the drive adapier and the fixation element depicied m a
second position relative to the dnve sieeve:

[0021] FiG 13 1s partially cutaway, perspective view of the distal end of the drive
stegve thustrated mn FIGS. 7-8;

[0022] FI{. 14 15 a sectional end view of a distal portion of the drive sleeve, taken
along section hine 14-14 of FiG. 11;

[0023] FIEG. 15 1s a bottom view of the distal end of the drive slecve shown
Fils. 7;

[0024] FiG. 16 15 a side, partially cutaway view of the distal end of the drive sleeve,
with the fixation clement shown m a fully mserted position;

[0025] FIiG. 17 15 a sectional view of the distal end of the dnve sleeve, taken along
the longitudmal axas of the drive slecve, according o another embodiment of the present
disclosure: and

[0026] FIG. 18 1s a sectional view of the dniving tool, taken along the longitudinal

axis of the driving tool, accordmmg to an additional embodiment of the present disclosure;

DETAILED DESCRIPTION

[0027] The present disclosure can be understood more readily by reference to the
following detailed description taken m connection with the accompanying figures and
cxamples, which form a part of this disclosure. H 15 to be understond that this disclosure 1s
not himited to the specific devices, methods, applications, conditions or parameters described
and/or shown herein, and that the teromnology used herein 1s for the purposce of descrnibing
particular embodiments by wayv of example only and i1s not micnded to be Linuting of the
scope of the present disclosure. Also, as used in the specification mncluding the appended
clatms, the smgular forms “a,” “an,” and “the” mclude the plural, and reference to a particular
numertcal value mehudes at least that particular value. unless the context clearly dictates
otherwise.

[0028] The term “plurahity”™, as used heremn, means more than one. When a range of
values 18 expressed, another embodiment mcludes from the one particular vahie and/or to the

other particular value. Similarly, when values are expressed as approximations, by use of the
4
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antecedent “about,” i will be understood that the parficular value forms another embodument.
All ranges are mclusive and combinable.

[0029] Fig. 1 illustrates a fixation element 2 for mscrtion mnto a bone according 1o an
embodiment of the present disclosure. The fixation element 2 can be elongate along a central
axis 4 and can mclude a proxumal end 6 and a distal end 8 spaced from the proximal end 6
along the central axis 4. The central axis 4 can define a longitudinal direction X of the
fixation element 2. A radial direction R can be perpendicular to the longitudinal direction X,
A distal direction can be defined as extending from the proximal end 6 of the fixation element
2 toward the distal end 8 thereot and being paraliel with the central axis 4. The fixation
clement 2 can mclude a removable member 10 coupled to an anchor member 12 that s
iocated distally of the removable member 10 along the central axis 4. The removable member
10 can be coupled to the anchor member 12 1 such a manner 50 as to facibtate insertion of the
anchor member 12 to a desired depth within a target bone. The fixation element 2 can be
configured to receive axial and rotational drive forces to facilitate mserfion o the target
bone. The fixation element 2 can be contigured such that, once the anchor member 12
reaches a predetermuned final depth within the target bone, the removable member 10
detaches cleanly from the anchor member 12, leaving the anchor member 12 mserted within
the target bone at the tinal depth.

[0030] The removable member 10 can include a proximal end 14 and a distal end 16
spaced from the proximal end 14 along the central axis 4. The proxumal end 14 of the
removabic member 10 can form the proximal end 6 of the fixation clement 2. The anchor
member 12 can include a proxamal end 1¥ and a distal end 20 spaced from the proxamal end
18 along the central axas 4. The distal end 20 of the anchor member 12 can form the distal
end 8 of the fixation clement 2.

[0031] 'tThe removable member 10 can be joined to the anchor member 12 at an
attachment location 21 positioned thercbetween.  The attachment location 21 mayv be
characterized as an “interface” or “jount” between the removabic member 10 and the anchor
member 12 and may be contigured to taciiutate detachment of the removable member 10 from
the anchor member 12 responsive 1o a predetermined condition of operation. For example,
the predetermined condifion of operation can be the predetermmed final depth of the anchor
member 12 or a torce differential, such as a torque diffcrential, cxerted between the

removabic member 10 and the anchor member 12, bv way of non-limiting exampie.
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[0032] The fixation element 2 can nclude one or more engagement elements 27
configured to engage force transmission ¢lements of a dnving tool and transicr rotational
driving forces from the drniving tool to the fixation clement 2. In this manner, the anchor
member |2 can be driven into the target bone by the drniving tool. The engagement clements
22 can be located on one or both of the removable member 10 and the anchor member 12 of
the fixation element 2.

[0033] The removable member 10 and the anchor member 12 can be monolithic
with one another. In such embodiments, the attachment location 21 can mclude a neck 23
joming the distal end 16 of the removable member 10 and the proxumal end 18 of the anchor
member 12, The removable member 10 can include a post 24 located proxamally of the neck
23. The post 24 can be cvlindrical, as depicted; however, other post geometries are within the
scope of the present disclosure.  The neck 23 can have a reduced width n relation to a
remainder of the removable member 10, includmg the post 24, and can be configured to
fracturc responsive to the predetermmed condition of operation, as discussed mn more detail
below., However, other frangible or detachable couphings can be utilized to join the anchor
member 12 and the removable member 10

[0034] As dlustrated. the anchor member 12 can be a bone screw 25 having a head
26 and a shaft 28 extending distally from the head 26 along the central axis 4. The shatt 28
can termimate distally at a pomted tip 30 that can also be characterized as the distal end 20 of
the anchor member 12 and the distal end 8 of the fixation clement 2. The pomnted tip 30 can
be configured to penctrate a cortical wall of bone. The shaft 2% can mclude a helical thread 37
extending between the head 26 and the tip 30, The pomnted tip 30 and the thread 32 can
provide the bone screw 23 with self-dnlling tunctionality. Addiionally, at least one flute 34
can be formed i the shaft 28 adjacent the pointed tip 30, providing the bone screw 25 with
scii-tapping funchionality through both cortical bone material and cancelious bone matenal.

[0035] The engagement clements 22 of the fixation element 2 can include a plurality
of projections extending radially from one or both of the removable member 10 and the
anchor member 12, as also shown i FiG. 2. For example, the anchor member 12 can mclude
a first plurality of projections 36 that are located adjacent the proxamal end 18 of the anchor
member 12 and extend radially outward from the anchor member 12, In embodiments where
the anchor member 12 1s a bone screw 25, the projections 36 can form the structure of the
head 26. iIn the illustrated embodiment of FIG. 1, the first plurality of projections 36 can

iciude four (4) projections 36 spaced at 90° intervals about the central axis 4

6
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[0036] As shown in Fi{. 3, the first plurahity of projections 36 can form a Cross
paticrn when viewed from the central axis 4. Each of the first plurality of projections 36 ¢an
inciude a pair of opposed lateral surfaces 3%a, 380 and a peripheral surface 40 extending
between the pair of opposed lateral surfaces 383, 38b. One of the lateral surfaces 38a can be
on a rotationally leadmg side 42 of the associated projection 36 and the other of the lateral
surfaces 380 can be on a rotationally trathing side 44 of the associated projection 36, Each
icading lateral surface 38a can form a night angle (YU°) with the traihing lateral surface 38b of
the precedmmg projection 36, The boundary between each adjacent rotationally leading and
trathing side 44, 42 may optionally be radiused to reduce stress concentrations within the
anchor member 12

[0037] 'the lateral surfaces 38a, 38D can cach extend in the longitudmal direction X
In some embodiments, the lateral surfaces 38a, 38b can each be substantially planar. In such
cmbodiments, cach of the lateral surfaces 338a, 38b can extend along a plane defined by a first
direction that is paralicl with the longitudinal direction X and a second direction that is
perpendicular to the first direction and parallel with the radial direction R, In embodiments
where the threading 32 of the anchor member 12 18 conligured according to the “rnight hand
rule,” the rotationally leading side 42 of cach projection 36 faces counterclockwise when
viewed trom the central axis 4 at a location distal the distal end ¥ of the fixation clement 2,
while the rotationally trailing side 44 of each projection 36 faces clockwise when viewed from
the central axis 4 at a location distal the distal end 8 of the fixation clement 2. Thus. the
tratlmg latcral surfaces 38b can directly receive the rotational dniving force from the dnving
tool.

[0038] The engagement clements 22 of the fixation element 2 can also mclude a
second plurality of projections 46 extending radially from the removable member 10, The
sccond plurality of projections 46 can be located adjacent the attachment location 21 and can
also mclude four {(4) projections 46 spaced at 90° mtervals about the central axis 4. As shown
i FI{ 4, the sccond plurality of projections 46 can also form a cross paticrn.  In the
itlustrated embodiment, the second plurality of projections 46 can be aligned with the first
piurality of projections 36 about the central axis 4. However, it 15 to be appreciated that, o
other embodiments (not shown)}, the first and second plurality of projections 36, 46 can be
offset from cach other about the central axis 4.

[0039] Each of the second plurality of projections 46 can mclude a pair of opposed

lateral surfaces 43a, 48b and a peripheral surface 50 extending between the pair of opposed

7
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lateral surtaces 48a, 48b. Une of the lateral surtaces 48a of the second plurality of projections
46 can be on a rotationally leading side 52 of the associated projection 46 and the other of the
lateral surfaces 48b can be on a rotationally trating side 54 of the associated projection 46.
Each leadmg lateral surface 48a can form a right angle (90°) with the trailing lateral surface
486 of the preceding projection 46.

[0040] The lateral surfaces 48a, 480 of the second plurality of projections 46 can
cach extend n the longitudinal direction X. 'The lateral surfaces 48a, 48b of the second
plurality of projections 46 can each be substantially planar. For example, each of the lateral
surfaces 48a, 430 can extend along a planc defined by a thurd direction that is parallel with the
longitudinal direction X and a fourth direction that 1s perpendicular to the third direction and
paralicl with the radial direction R, In emboduments where the second plurality of projections
46 1s aligned with the first plurality of projections 36 about the central axas 4, the first and
third directions are paraliel with one another, and the second and fourth directions are parallicd
with on¢ another. Thus, the trading lateral surfaces 48b can directly receive the rotational
dnving force from the dnving tool

[0041] Furthermore, when the first and second plurality of projections 36, 46 are
aligned about the central axis 4, a projection 36 of the first plurality and an associated
projection 36 of the second plurality may be charactenized as a pair of projections 36, 46,
Moreover, the lateral surfaces 38a, 38b, 48a, 48b on the same side 42, 44, 52, 54 ot one of the
pairs of projections 36, 46 mav be characterized as a pawr of lateral surtaces 38, 48.
Accordingly, a pair of lateral surfaces 38, 48 can be engaged by the same force transmission
clement of the dniving tool, as set forth m more detail below.

[0042] Optionally, the post 24 of the removable member 10 can have a radius Ry that
1s substantially equivalent to an mner radwus By of cach of the lateral surfaces 4%a, 48b of the
sccond plurality of projections 46, allowing cach lateral surface 48a. 48b of the sccond
plurality of projections 46 to be configuous with the lateral surface 48b, 48a of the successive
projection 46 about the central axas 4. Additionally, an mner radmus Rs of each of the lateral
surfaces 38a, 380 of the first plurality of projections 36 can be substantiallv equivalent to the
mner radius Rz of cach of the lateral surfaces 48a, 48b of the second plurality of projections
46. In thas manner, the force transnmssion elements of the driving tool can fit snuggly against
cach associated pair of iateral surfaces. Thus, the force transmission ¢lements of the driving

tool can apply substantially the same amount of torguc to cach associated pair ot projections
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36, 46, and thus the same amount of torgue to anchor member 12 and the removable member
10 prior to the predeternuned condition of operation.

[0043] FIG. 3 depicts an enlarged sectional view of the attachment location 21 and
the engagement clements 22 of the fixation element 2. As descnibed above, the attachment
location 21 can mclude a neck 23 having a reduced width i relation to a width of the
remainder of the removable member 10, In this manner, the fixation element 2 s configured
to tracture cleanly at the neck 23 responsive to the predetermined condition of operation.

[0044] Durmg msertion of the fixation clement 2 mto bone n a first mode of
operation, the force transmission elements of the driving tool can apply a rotational force 1o
the pairs of lateral surfaces 38, 48, resulting i a driving torque applied direction cach of the
anchor member 12 and the removable member 10, In a sccond mode of operation, the force
transmussion elements of the dnving tool can disengage from the trading lateral surfaces 33b
of the projections 36 of the anchor member 12 apply substantiaily all of the rotational dnving
force to the trating latcral surfaces 48b of the projections 46 of the removable feature 10,
creating a differential i the amount of torque apphied between the removable member 10 and
the anchor member 12,

[0045] The fixation element 2 can be configured such that stress from the forque
diffterential 1s concentrated within the neck 23, causing mechanical failure (1.¢., fracture) at the
neck 23 when the torque ditferential exceeds a predetermmed value. The fixation element 2
and the driving tool can be cooperatively configured such that the torque differential exceeds
the predetersuned value when the predetermined condition of operation occurs,

[0046] The geometrics of the distal end 16 of the removable member 10, the neck
23, and the proximal end 18 of the anchor member 12 can be configured to ensure that
fracture of the fixation clement 2 occurs at the neck 23, In particular, the neck 23, the
proxunal end 18 of the anchor member 12, and the distal end 16 of the removable member 140
can be cooperatively shaped and sized to concentrate stresses within the neck 23 when a
torgue differential 1s imparted between the removable member 10 and the anchor member 12.
For example, the peripheral surface 50 of cach of the projections 46 of the removable member
10 can mclude a rear segment 53, an miermediate scgment 36 located distally of the rear
segment 55, and a front scgment 58 located distally of the intermediate scgment 36, As
shown, the mtermediate segment 36 can be substantially paralicl with the central axis 4. The

front scgment 38 can taper mwardly foward the central axis 4 m the distal duection.  As

\{&
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shown, the front segment 38 can faper distally 1 a manner 8o as to be contiguous with the
neck 23

[0047] 'tThe penipheral surtace 40 of cach of the projections 36 of the anchor member
12 can include a rear segment 60, one or more mtermediate segments 62 located distally of the
rear segment 60, and a front segment 64 located distally of the one or more intermediate
scgments 62. The rear segments 60 can also be characterized as the proxamal-most end of the
associated projections 36, of the head 26, and of the anchor member 12, At least a portion of
the rear segment 60 can be located proxamally of the neck 23 so that, after the neck 23
fractures responsive to the predeternuned condiion of operation, and afier the removable
member 10 15 removed, the fractured region of the anchor member 12 preferably does not
inciude any protrusion, such as a nub, shard, or jagged edge, that exiends proximally beyond
the rear scgment 60, It 15 to be appreciated that any such nub, shard, jageed edge, or other
protrusion  extending proxymally beyond the rear segment 60 could pierce, abrade, or
otherwise damage soit tissue of the patient overlying the inserted anchor member 12, 'The
toregoimng geometries of the removable member 10 and the anchor member 12 adjacent the
neck 23 may substantially reduce the hikehhood of such occurrences.

[0048] With continued reference to Fi{s. 3, the shatt 28 of the anchor member 12 can
include a tapered portion 66 located distally of and adjacent the head 26, The tapered portion
66 of the shaft 28 can taper mwardly toward the central axis m the distal dwection. The
tapered portion 66 can be sized and configured to provide the anchor member 12 with a
gradual transiion between the diameter {32 of the shaft 28 and an increasing diamcter of the
front segment 64 of the head 26 as the anchor member 12 15 mserted and the head 26 1s seated
within the target bone. Mated ditfcrently, the tapered portion 66 provides gradual scating of
the head 26 of the anchor member 12, as well as reduces hoop stress durmyg msertion. 'The
tapered portion 66 can reduce the hikelihood of the target bone sphitting or cracking at or
adjacent the location where the anchor member 12 1s inserted mnto the bone. The angle of
taper o of the tapered portion 66, relative to the central axis 4, can be constant or can vary
aiong the distal direction. By way of non-limiting example, 10 some embodumnents, the angic
ot taper ¢ can be constant and can be in the range of about U° and about 43%. in other
emboduments, the angle of taper o can be between about 57 and about 25°. Additionally, the
front segment 64 of the penpheral surtace 40 of cach of the first plurality of projections 36

can have a convex arcuate profile to further provide gradual seating of the head 26 of the
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anchor member 12 within the target bone. It 1s to be appreciated that the tapered portion 66
may be omuited.

[0049] The predetermined condition of operation, which triggers detachment of the
removable member 10 from the anchor member 12, can be subject {0 a number of factors,
mcluding, but not hmmted to, the wdentity, size, shape and/or density of the target bone; the
desired depth, axaal and/or rotational nsertion speed, and/or angle of msertion of the anchor
member 12 mio the target bone, the material condition and/or optional heat treatment of any
on¢e of the fixation clement 2, the removable member 10, and/or the anchor member 12; the
angle at which the front scgment 38 and/or the rear segment 60 of the projections 46 are
orignted relative to the central axas 4, ¢ic. The dimensions and material composition of the
fixation clement 2, mcludimg the neck 23, for example, can be tailored to account for the
foregomg factors. I 18 to be appreciated that the predetermined condifion of operation can
aiso be triggered uwnilaterally by a user, such as a physician, by manually fractunng the neck
23

[0050] The removable member 10 can have a length Ly m the range of about 20 mm
io about 50 mm or greater, measured from the proxumal end 14 to the distal end 16 of the
removable member 1. In some embodiments, the removable member 10 can have length L
10 the range of about 20 mm to about 35 mum. in further ecmbodiments, the removable member
10 can have a length L: i the range of about 33 mun to about 30 mm. In additional
cmbodiments, the removable member 10 can have length L greater than 50 mum or even
grcater than 100 mm. in other embodments, the removable member 10 can have a length Lo
in the range of about 1 mm to about 20 mm, mcluding a range between about 1 mm and about
> i,

[0051] "The post 24 of the removable member 10 can have a diameter 31 1 the range
of about 0.5 mm to about 4.0 mm. In some embodiments, the post 24 can have a diameter I
in the range of about 0.5 mm to about 0.8 mm. In other embodiments, the post 24 can have a
diameter B m the range of about 0.8 mm to about 1.5 mum. In additional embodiments, the
post 24 can have a diamcter D1 the range of about 1.3 nun to about 2.5 mm. In turther
embodiments, the post 24 can have a diameter 31 in the range of about 2.5 mm to about 4.0
mm. In vet additional embodiments, the post 24 can have a diameter Dy greater than 4.0 mm.
it 1s to be appreciated that i embodiments where the diameter D of the post 24 1s 1 the range
of about (.8 mum to about 2.5 mm, the post 24 can provide the benefit of being engagable and

drivable by a wue dnive, such as a Karschner wire {("K-wire”) dnive.
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[0052] The shaft 78 of the anchor member 12 can have a diameter D2 m the range of
about 0.5 mm to about 4.0 mm or greater. For example, the shaft 28 can have a diameter Do
1n the range of about (.5 mm to about 1.5 mo. In other emboduments, the shaft 28 can have a
diameter Dz mn the range of about 1.5 mum to about 2.0 mam. In other embodiments, the shaft
28 can have a diameter Do in the range of about 2.0 mun to about 2.7 mm. In additional
embodiments, the shaft 28 can have a diameter D in the range of about 2.7 mum to about 3.5
nun. In further embodiments, the shaft 28 can have a diameter B2 in the range ot about 3.5
mm {o about 4.0 mam. In vet addifional embodiments, the shaft 28 can have a diameter Dy
grcater than 4.0 mm. Additionally, the threads 32 can be formed of a size and thread piich
that facilitates smooth msertion as well as self-drnilling and/or seli-tapping tunctionality.

[0053] The fixation clement 2 can be formed of a matenal that mcludes one or more
of a titamum-alummume-vanadiam alloy {such as Ti-6Al-4V, also referred to as "TAV"), a
titanmm-alununum-niobium alloy {such as Ti-6Al-7TNb. commonly referred to as "TANT),
steel, such as stamless steel, or any alloys comprising the forecgomg thercof. In additional
ermmbodiments, the fixation element 2 can be tormed of thermoplastic polymer, such as a
polvetherctherketone (PEEK) matenial, although it 18 to be appreciated that, m such
embodiments, pre-dniling can be requured before mserting the anchor member 12 1nto bone.
it 1s to be appreciated that the fixation clements 2 can be composed of any suitabic
biocompatiblec materials known in the art.

[0054] In one non-limiting cxample embodiment, the post 24 can have a diameter
ot about | 4 mm and a length Li of at least about 20 mum; the shaft 28 of the anchor member
§2 can have a diameter D of about 2.0 numn; and the neck 23 can have a diameter D of about
0.8 mm. In this example, the neck 23 can fracture when the torque differential between the
removable member 10 and the anchor member 12 15 about 0.93 N*m. Furthermore, through
numerous iests, the mventors discovered, surprisimgly and uncxpectedly, that, at the forcgoing
dimensions of this example embodiment, the fixathon element 2 composed of TAN produced a
tlatter, iess jagged fracture profile in the neck 23 than other materials, reducing the hikelihood
ot nubs, shards, or other protrusions projecting proxumally bevond the rear surtace 60 of the
head 26 of the anchor member 12, The fixation element 2 sized and configured according {0
the toregoing example embodiment can be advantageously sinted for insertion within a “lesser
ray’ of a foot, such as 1s common i certain hallus valgus correction procedures, mcluding
osteotonues. it 1s to be appreciated that the forcgomg exampic embodiment can also be

advantageously suited for other surgical procedures.
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[0055] 1t 1s to be appreciated that the fixation element 2 disclosed herem 1s not
limited to any particular size, as the fixation element 2 and its constituent components ¢an be
scaled to vutually anv size to accommodate any use, including use mn longbones, by way of
non-imiting example. Accordingly, at anv size of the fixation element 2, the diameter D of
the post 24, the diameter D¥: of the shaft 28, the diameter D5 of the neck 23, and/or the size of
any or all of the engagement elements 22 ¢an each be tailored to achieve detachment of the
removablic member 10 when the predetermuned condition of operation occurs.

[0056] 1t 1s also to be appreciated that whale the fixation ¢lement 2 depicted m
FIGh. -4 dhustrate the cngagement clements 22 of each of the removable member 10 and the
anchor member 12 formung a cross-paticrn, any geometry of the engagement clemenis 1s
within the scope of the present disclosure. For example, in other embodiments (not shown},
the engagement clements 22 can form a hex pattern, a star pattern, or any other paticrn
conducive to recerving a driving torgue from the drive tool and transnutting the torgue to the
fixation clement 2. In further embodiments, instead of projections 36, 46 extending from the
anchor member 12 and the removable member 10, respectively, the head 26 of the anchor
member 12 and an assoctated head of the removable member 10 can each have a generally
circular cross-sectional protfile 1 a plane orthogonal to the central axis 4, wherein the
cngagement elements 22 mclude recesses extending into the respective heads in the radial
direction R. In such embodiments, the respective circular heads of the anchor member 12 and
the removable member 10 can cach mnclude two or more recesses evenly spaced from each
other about the central axis 4. In turther embodiments, other geometrics of the engagement
elements 22 are contemplate

[0057] FIG. 6 illustrates an msertion svstemn 100 for mserting the fixation element
wto 2. The system 100 mclhudes a driving tool 102 that i1s configured to recerve the fixation
clement 2 and dnve the fixation clement 2 wmito the target bone until the fixation clement 2
reaches a predetermmuned depth within the bone. The dniving tool 102 can detine a longitudinal
axis Z and can include a drnive adapter 104 and a drive slecve 106 that 15 carnied by the drive
adapter 104, 'The dnve adapter 104 can mclude a proximal end 108 and a distal end 110
separated from the proxamal end along the longitudinal axis Z. The dnve sleeve 106 can
mclude a proxamal end 112 recewvable over the distal end 110 of the drive adapter 104, As
shown, the distal end 110 of the dnve adapter 104 can be recerved within the drnive sleeve 106,
the dnve siceve 106 can include a distal end 114 separated from the siceve proximal end 112

along the longitudinal axis 2. With respect to the drive ool 2, and also with respect to the
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fixation ¢lement 2 received therem, the distal direction can be defined as extending from the
proximal end 108 of the dnive adapter toward the distal end 114 of the drive sleeve 106 and
being parallel with the longitudmal axis Z.

[0058] The dnve adapter 104 can be translatable relative to the drnive slceve 106
along the longitudinal axis £ between an initial position and a fully mseried position, the latter
postiton occurring when the anchor member 12 s inserted within the target bone at a
predetermined final depth. The dnve adapter 104 can be configured to apply the axial dnving
torce directly to the fixation element 2, and the drive sleeve 106 can be contigured to apply
the rotational driving force directly to the fixation element 2.

[0059] 'The fixation element 2 can be at least partially received within and coupled to
the drve adapter 104, For example, the distal end 110 of the drive adapter 104 can mciude a
chuck 116 {(sce Fi{s. 7} configured to receive the proximal end 14 of the post 24 of the
tixation element 2. The drive sleeve 106 can detine a central bore 118 and can have a length
sufficient to receive and surround a majority of the fixation clement 2 when the fixation
clement 2 15 loaded within the chuck 116, Accordimgly, the drive sleeve 106 may be termed a
“recerving member.” In the imtial position, the proxamal end 14 of the removable member 10
of the fixation clement 2 can be received within and coupled to the drive adapter 104 while
onlv the shaft 28 of the anchor member 12 extends beyond a distal end 114 of the drive siceve
106, When the drnive sleeve 106 15 1 the fully mserted posttion relative to the drnive adapter
104, the entire anchor member 12, except for a portion of the head 26, can be located distally
of the distal cnd 114 of the dnive slecve 106, as described 1 more detail below.

[0060] Referning now to FI(G. 7, the drive adapter 104 can mclude a body 120, also
termed an “adapter body,” that can be generally ¢vimdrical, although other geometries are
within the scope of the present disclosure. The adapter body 120 mav be characterized as
having a proxamal portion 122 adjacent the adapter proximal end 108, a distal portion 126
adiacent the adapter distal end 110, and an mtermediate portion 124 located longitudmally
between the proxamal portion 122 and distal portion 126,

[0061] it is to be appreciated that a proximal end 128 of the adapter bodyv 120 can
torm the proxamal end 108 of the dnve adapter 104, The adapter body 120 c¢an have a distal
end 130 spaced from the proxamal end 123 of the adapter body 120 along the longitudinal axis
Z. 'The distal end 130 of the adapter body 120 can coincide with a distal end of the chuck 116,
An end cap 131 can be coupled to the chuck 116, such that a distal end 132 of the end cap 131

can torm the distal end 110 of the drive adapter 104, Thus, the proximal end 108 of the dnive
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adapter 104 can be synonymous with the proxamal end 128 of the adapter body 120; the distal
end 130 of the adapter body 120 can be synonymous with the distal end of the choack 116; and
the distal end of the drive adapter 104 can be svnonvmous with the distal end of the end cap
131,

[0062] The proximal portion 122 of the adapter body 120 can define an ouler surface
144 and one or more grip featurcs formed 1o the outer surtace 144, The one or more grp
features can provide purchase for a user’s hand or a power tool for operating the driving ool
102 to msert the anchor member 12 info the target bone. By way of non-himiting example, the
orip features can mclude a platform 136 recessed mio the adapter body 120 adjacent the
proximal end 108 thereof. The platform 136 can extend m a direction paraliel with the
iongitudinal axis £ and can be contiguous with the outer surface 144 of the adapter body 120,
As shown, the plattorm 136 can be substantially planar, although it 13 to be appreciated that
other goometrics are within the scope of the present disclosure. The grip features can also
mcilude an annudar recess 133 formed m the outer surtace 144 of the adapter body 120 at or
adjacent the proximal end 108 thereot. The adapter bodv 120 can include and/or carry ong or
more coupling elements for coupling with vanous components of the dnve sleeve 106 and the
fixation element 2.

[0063] 'The dnive sleeve 106 can have a sleeve body 140 having a tubular, generallv
cylindrical shape and detining the siceve central bore 118, which extends from the proximal
end 112 to the distal end 114 of the sleeve body 140. Accordingly, the sleeve body 140 may
be characterized as a “tubular bodv.” The sieeve body 140 can mnclude a siceve wall 147
extending radially between an outer surface 144 of the sleeve body 140 and an nner surface
146 of the slecve body 140. The slecve body 140 may be characierized as having a proximal
portion 148 adjacent the proxamal end 112 of the drive sleeve 106, a distal portion 132
adiacent the sleeve distal end 114, and an mtermediate portion 150 located longitudinally
between the proxamal porfion 148 and distal portion 1532, The outer surface 144 of the sleeve
body 140 i the distal portion 152 thereot can have a reduced diameter in relation to that of
the outer surtace 144 m the proximal portion 148, The mtermediate portion 150 of the sieeve
body 140 may be characterized as tapering mn the distal direction. Stated differently, the outer
surface 144 of the sleeve body 140 may mclude a taper 153 coimncident with the mtermediate
portion 130 of the sleeve body 140,

[0064] 'The drive siecve 106 can also mmclude one or more attachment clements that
are complementary with and are contigured to dirvectly or mdirectly engage with at least one

Fo
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of the one or more coupling elements of the adapter bodv 120, For example, the proximal
portion 148 of the drive sleeve 106 can include a first attachment element 1534 configured {o
cngage a first coupling clement 156 of the distal portion 126 of the adapter body 120, In
particular, the first attachment clement 154 of the sleeve bodv 140 can mclude the mner
surface 146 of the sleeve body 140 withm the proxamal portion 148 thercot, as shown in
FIG. 8, which dlustrates a sectional view of the driving tool 2 along the longitudingl axis Z.
With continued reference to FIGS. 7 and 3, the associated fust coupling clement 136 of the
adapter body 120 can mclude a cvimdncal outer surface 158 of the adapter body 124 within
the distal portion 126 thereot. The cvhndrical cuter surtace 153 of the distal portion 126 of
the adapter body 120 and the inner surtace 146 of the proximal portion 148 of the sleeve body
140 can be cooperatively sized and configured such that the mner surtace 146 of the siceve
body 140 at the proximal portion 148 thercof shdably engages with and translates over the
cylindrical outer surface 138 of the distal portion 126 of the adapter body 120 during use of
the driving tool 102, For example, the cvimdnical outer surface 158 of the distal portion 126
of the adapter bodv 120 can have a diameter substantially eguivalent to or shghtly smaller
than a diameter of the inner surface 146 of the proxamal portion 148 of the slegve body 140,
facilitating transiational engagement between the distal portion 126 of the adapter body 120
and the proximal portion 14% of the slccve body 140,

[0065] The distal portion 126 of the adapter body 120 can also carrv a second
coupling clement 160, which can be configured {o retamn the drive sleeve 106 on the drive
adapter 104 during operation. The second coupling clement 160 can wmclude a pmn 162
received mn a first transverse bore 164 extending through the distal portion 126 of the adapter
body 120 and mtersecting the longitudinal axas £ of the dnving tool 102, The pmn 162 can
have a length greater than the diamcter of the cylindrical outer surface 138 of the distal
portion 126 of the adapter bodv 120, such that cach opposed end of the pin 162 protrudes
from the cvimdrical outer surface 158,

[0066] The one or more attachment ciements of the drive sleeve 106 can mclude a
pair of opposed siots 166 cach tormed through the sleeve wall 142 and extending
longitudinally along at least a porfion of the sieeve body 140, When the proxamal end 112 of
the sleeve body 140 1s received over the evimdrical outer surface 138 of the distal portion 126
of the adapter body 120, the opposed ends of the pin 162 can extend radially through the pair
of opposed slots 166 of the siceve body 140 1 a manner retaming the proximal portion 148 of

the drive sleeve 106 on the distal portion 126 of the dnive adapter 104, The opposed ends of
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the pm 162 can ecach have a diameter substantially equivalent to or shightly less than a
circumferential width of each of the pair of opposed slots 166, such that the pm 162 can
translate along the slots 166 durnng use of the driving tool 102, In thus manner, the orientation
of the opposed slots 166 along the sleeve bodv 140 can govermn at least an extent of
translational and rotational movement of the dnve sleeve 106 relative to the dnive adapter 104,
as set forth more tully below. Accordingly, the slots 166 may be termed “guide slots,” and
the pmn 162 may be termed a “follower pin” or a “tollower.”

[0067] The dniving tool 102 can nclude a bwasing member 170 biasmg the dnve
steeve 106 m the mutial postion relative to the drive adapter 104, The biasing member 170
can be disposed between a first shoulder 172 located on the distal portion 126 of the adapter
bodv 120 and a second, opposed shoulder 174 formed on the mner surface 146 of the siceve
body 140, as shown i FI. 3. The first shoulder 172 can be posttioned distally of the first
transverse bore 164, The second shoulder 174 can be located proximally of the taper 153 of
the outer surface 144 of the sleeve body 140, and thus may be characterized as being located
in the proxamal portion 148 of the sleeve body 1440, as shown in the tlustrated embodiment.
Alternatively, the second shoulder can be located in the mtermediate portion 1350 or the distal
portion 152 in other embodiments. The first shoulder 172 can substantially face the distal
direction and the second shoulder can substantially face the proximal direction. The biasing
member 170 can mnclude a compression spring 176, although other types of biasing members
170 are within the scope of the present disclosure.

[0068] 'The onc or more couphing ciements of the adapter body 120 can include a
thard coupling element 178, whach can be contigured to receive the proxamal end 14 of the
post 24 of the fixation element 2. The third coupling element 178 can mnclude the chuck 116,
which can define a central bore 130 formed m the distal portion 126 of the adapter body 120,
the central bore 180 can cxiend from the distal end 130 of the adapter body 120 m the
proximal direction. The central bore 180 can optionally miersect a second transverse bore 182
extending through the distal portion 126 of the adapter body 120. The second transverse bore
187 can be posttioned longitudinally between the first transverse bore 164 and the distal end
130 of the adapter body 120, The second transverse bore 182 can also be located distally of
the first shoulder 172 on the attachment body 120, In the illustrated embodiment, a central
axis of the second transverse bore 182 can optionally be offset by an angle of about 45° from a
central axus 184 of the first transverse bore 164 about the longitudinal axis 7. However, in

other ecmbodiments {not shown), the first and sccond transverse bores 164, 187 can be parallel
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with one another, or can have anvy other onentation relative to one another. As shown mn
FIGS. 7 and 3, the second transverse bore 182 can comcide with the termmal end of the
central bore 180 of the chuck 116, Thus, a rear miner surface of the second fransverse bore
182 can transnut the axial drniving force to the anchor member 12 through the post 24, The
central bore 130 can have an inner diameter substantially equivalent to or shightly greater than
the diameter D1 of the post 24 so that the proxamal end 14 of the post 24 can be recerved {(1.¢..
“loaded”) within the central bore 180,

[0069] The third coupling element 178 of the dnive adapter 104 can include a
retention clement 186 configured to hold the post 24 of the fixation ¢lement 2 within the
central bore 180 of the chuck 116, The retention ¢lement 186 can tmpart the post 24 with a
retention force (1.¢., mn the proximal direction) that 1s at least greater than the gravitational
torce of the tixation clement 2, thus preventing the post 24 from shdmng out of the central bore
1830 under gravity. 'Fhe retention force can also be sufficient to prevent the post 24 from
shding out of the central bore 180 due to additional incrfial forces associated with regular use
of the dniving tool 102, Accordingly, the retention element 186 can aliow a physician to msert
the fixation clement 2 at an mchned angle without the post 24 shiding out of the chuck 116,
the retention element 186 can be disposed within the end cap 131 mounted on the chuck 116

[0070] FIG. YA 15 a magnificd view of the portion of the dniving tool 102 indicated
by dashed rectangle B of FI{s. 8. The end cap 131 can deling a central bore 188 sized to
reccive the post 24, 1t 1s to be appreciated that any manner of coupling the end cap 131 o the
chuck 116 1s within the scope of the embodiments disclosed heremn. The refention clement
f&6 can be received within an annular recess 18Y formed in the central bore 18Y of the chuck
116 at the distal end 130 thereof. The retention clement 136 can abut agammst a proxumal end
133 ot the end cap 131 m a manner retamming the retention element 186 i the annolar recess
189 The retention clement 186 can be a spring 192 having a resilient body with an mner
diameter shghtly smaller than the diameter D1 of the post 24 1o provide the retention force to
the post 24. The spring 192 can be a polymeric nng member that 1s compressed within the
annular recess 189 by the proximal end 133 of the end cap 131 when the end cap 131 1s fully
seated n relation to the chuck 116 so as to provide the spring 192 with the nner diameter
shightly less than the diameter D1 of the post 24, However, it 18 to be appreciated that other
types of retention clements for preventing the post 24 from shipping out of the cylindrical bore
180 during normal use ot the dniving tool 102 are within the scope of the present disclosure.

By way of non~-binuting ¢xample, the retention element 186 can mclude a circular coil sprng,
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a rubber ning scal sized to provide a fniction it with the post 24, a spring-ioaded ball and
croove detent arrangement on the post 24 and central bore 188, respectively, and a tapered
distal end of the chuck 116 sized to pinch onto the post 24,

[0071] FIG. 9B dlustrates an alternative end cap 131 arrangement, wheremn the end
cap 131 defines a sleeve received over the chuck 116, In this arrangement, the sprning 192 can
be disposed within the central bore 188 of the end cap 131 between the distal end 130 of the
chuck 116 and an opposed abutment surface 191 formed within the central bore 183 of the
end cap 131, The abutment surface 191 can be onented perpendicular 1o the longitudmal axis
Z ot the driving tool 102, The spring 192 can be compressed between the distal end 130 of
the chuck 116 and the abutment surface 190 when the end cap 131 is fully seated in relation to
the chuck 116 so as to provide the spring 197 with the mner diameter shghtly iess than the
diameter D1 of the post 24.

[0072] Refernng again to FIG. %, dnve sleeve 106 can mclude force transmission
ciements 200 located m the distal portion 152 of the sleeve bodv 140. The force transmission
clements 200 can be formed on the wnner surface 146 of the siceve body 140 and can be
configured to engage the cngagement elements 22 of the fixation element 2 mn a manner
providing the rotational dnving torce to the fixation clement 2, as discussed in more detail
below.

[0073] Reternng now to FIGS. 10-12, vanous stages of the dnving tool 102 during
the first mode of operation {1¢.. durmng nserfion of the anchor member 12 to the
predetermined final depth) are illustrated. In particular, FIG. 10 idlustrates the dnving tool
102 holding the anchor member 12 adjacent an outer surface 300 of a target bone 302 at the
origntation at which the anchor member 12 1s to be mserted. The dnve adapier 104 and the
drive sleeve 106 1n FIG. 10 are shown 1o the mtial position. Each of the opposed slots 166
can mclude a first portion 166a and a third portion 166¢ scparated by a second, mtermediate
portion 166b. The first and thard portions 166a, 166¢ of cach slot 166 can cach extend i a
direction paraliel with the longitudinal axis 7, and can be curcumicrentially offset from ong
another about the fongitudinal axis 7. The second portion 166b of cach slot 166 can extend i
a circurnferential direction.

[0074] In the first slot portion 1664, the slceve wall 142 can define a first end 251, a
second end 232 opposed to and distally spaced from the furst end 231, and lateral sides 261,
262 extending between the first and second ends 251, 232, In the second siot portion 166b,

the slecve wall 142 can defime a third end 2533, a fourth end 254 opposed 1o and
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circumiferentially spaced from the third end 253, and lateral sides 263, 264 extending between
the third and fourth ends 253, 254, In the thurd slot portion 166¢, the slecve wall 142 can
detine a fifth ond 235, a sixth end 256 opposed to and distallv spaced from the fifth end 255,
and lateral sides 265, 266 extending between the fifth and sixth ends 235, 256, Une of the
lateral sides 261, 262 of the slecve wall 142 in the first portion 166a of the slots 166 can be a
rotationally leading side 261, and the other can be a rotationally trathing side 262, In
ermmbodiments where the drniving tool 102 1s configured to msert the anchor member 12
according to the “night hand rule,” the rotationally lecading side 261 of the wall 142 i the first
stot portion 166a 1s located on the left side of the slot 166 as deprcted i FIGS, 10-12, and the
rotationally trathing side 262 of the wall 142 m the first siot portion 166a is located on the
right side of the slot 166, The pin 162 can transter the majority, or even substantially all, of
the rotational driving force from the adapter body 120 fo the sleeve body 140 by dnving
agamnst the rotationally leading side 261 of the sleeve wall 142 1n the first siot portion 166a of
cach of the slots 166, It 1s to be appreciated that, on a fixation ciement 2 designed for
imnsertion according to the night hand rule, the threads 32 of the shaft 28 of the anchor member
12 arc angled such that clockwise rotation of the anchor member 12, as viewed from the
central axis 4 or longitudimal axis Z at a location proximally of the proximal end 18 of the
anchor member 12, causes the threads 32 to engage the bone {or whatever matenal in which
the anchor member 12 is being mserted) in a manner dnving the anchor member 12 mnto the
bone.

[0075] in the matial position, the pin 162 can abut the first end 251 of the furst siot
portion 166a. As the dnve adapter 104 15 pushed distally and rotated about the longitudinal
axis £, the axaal and rotational driving forees are applied to the fixation element 2, causing the
anchor member 12 to engage and penctrate the target bone 302, The biasing member 170 can
provide an axially opposed biasmg torce greater than the axial force necessary 1o penetrate the
target bone 302, such that, as the anchor member 12 1s mserted deeper m 1o the target bong
302, the drive adapter 104 remams in the initial position relative to the drive sleeve 106 as the
distal end 114 of the drive siceve 104 approaches the outer surface 300 of the target bone 302
Thus, during a first portion of the tirst mode of operation (.¢., until the distal end 114 of the
drive siceve 106 contacts the outer surface 300 of the target bone 302), the biasing member
170 can mamtawn the dnive adapter 104 and the dnive sleeve 106 1 a translatably fixed
position reiative to cach other along the longitudinal axis Z. It 1s to be appreciated that the

basing member 170 may be characterized as a “coupler” or a “coupling ¢lement.”
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[0076] As can be scen m FIG. 11, the drive adapter 104 and the fixation clement 2
remain 1 the mitial position until the distal end 114 of the dnve siceve 106 contacts the outer
surface 300 of the target bone 302, Refermng now to FiG. 12, as the dniving tool 102
continues to drnve the anchor member 12 mto the target bone 302, abutment of the drive
sleeve 106 agamnst the outer surface 300 of the target bone 302 can mympede further distal
translation of the drive siceve 106 relative to the target bone 302, However, the axial biasmg
force of the biasing member 170 is selected so as to be overcome by the axial driving force
reguired for the anchor member 12 to further penetrate the target bone 302 after the distal end
114 of the drive sleeve 106 contacts the target bone 302, Thus, after the distal end 114 of the
drive sleeve 106 abuts the outer surtace 300 of the target bone 302, and the driving tool 102 5
pressed with sufficient axial force to drive the anchor member 12 further into the target bone,
(1.¢., during a second porfion of the first mode of operation} the drive adapter 104 and the
tixation clement 2 can transiate longitudmally relative to the drive sleeve 106 m the distal
direction. Concurrentiv, the pin 162 moves distally along the opposed slots 166 from the furst
end 151 toward the second end 252 of the first portion 166a of each of the slots 166. Thus,
the pm 162 can provide the user with direct visual indication of the longitudinal position of
the drive adapter {and thus an indirect visual indication of the longitudmal position of the
fixation clement 2} relative to the drive sleeve 106, The cvimdrical outer surface 138 at the
distal portion 126 of the adapier body 120 may also mclade markings 340, such as sequential
lines, to provide the user with another visual 1ndication of the varnous longitudmal position of
the fixation element 2 relative to the dnive siceve 106,

[0077] The sleeve body 140 can also define a second plurality of opposed slots 193
located at least partially 1 the distal portion 1532 of the siceve body. The second pair of
opposecd slots 193 can ecach extend radially through the sleeve wall 142 and can provide the
uscr with a direct visual indication of the longitudinal position of the fixation clement 2 within
the drive sleeve 106, even after the distal end 114 of the drive sleeve 106 contacts the bone
302, The second pair of opposed skots 193 can also provide an opening for ettluent, such as
blood, marrow, and/or other bone cuttings, 1o escape from the distal portion 152 of the siceve
body 140 and avoid clogging or impeding use of the doving tool 102

[0078] FI{(. 12 dlustrates the drive adapier 104 and the fixation element 2 m the
fully mserted posttion relative to the drive sleeve 106, at which position the anchor member
12 1s fully mserted at the predetermined final depth within the target bone 302, and the drniving

tool 102 enters the second mode of operation, wherein each projection 36 of the anchor
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member 12 clears the rotationally leadmng surtace 208 of cach tab 202, as set torth more fully
below. Additionally, at the folly mserted position, the pm 162 can be spaced from the first
end 231 and located proximate the second end 232 of the first portion 166a of cach slot 166,
yvel can also remam m contact with the rotationally trailing side 262 of the sleeve wall 142
within the first portion 1662 of cach of the slots 166. Additionally, as the drive adapter 104
and the fixation clement 2 translate distally with respect to the drive sleeve 106 from the
uutial position to the fully mserted position, the engagement cicments 30 of the fixation
clement 2 translate distally along the force transmussion elements 200 of the driving tool 102,

[0079] TThe thurd portions 166¢ of the pair of opposed slots 166 can allow the user {o
fully retract the dnve siceve 106 relative to the drive adapter 104 for cleaning or other
PUrposes prior 1o, subsequent to, or during use of the driving tool durmg the first and second
modes of operation. For example, the user can manually retract the drive sleeve 106 relative
to the adapter 104 to clean or mspect the fixation ¢lement 2 dunng use. The intermediate
portion 124 of the adapter body can mciude a boss 194 defining a shoulder 196 contigured to
abut the proxumal end |12 of the siceve 106 m a manner hmiting proxumal translation of the
drive slceve 106 relative {o the adapter body 120, The second portions 166b of the pair of
opposed slots 166 allow the user to rotate the drive sleeve 106 relative to the adapter body 104
to transition the pin 162 from the first 1663 to the second portions 166b of the siots 166, In
some embodiments (not shown), the lower lateral side 263 of the second portion 166b of cach
of the slots 166 can be canted m the distal direction i a manner causing the pm 162 {o
automaticatly transition from the sccond portions 1660 of the slots 166 to the first portions
j66a responsive o the biasing force of the brasmg member 170 1f the user madvertently
icaves the adapter 104 and the slecve 104 m relative positions such that the pin 162 s
positioned i the second 166b or thurd 166¢ portions of the slots 166,

[0080] Retfermng now to Fi(s. 13, the force transmission elements 200 can mnclude a
plurality of tabs 202 extending radially mward from the inner surface 146 of the sleeve body
140 toward the longitudinal axis Z of the driver tool 102, Each of the tabs 202 can also
extend substantiallv longitudinally from a tab proxumal end 204 fo a tab distal end 206, The
distal ends 206 of the tabs 207 can be comncident with the distal end 114 of the drive sleeve
106, Each tab 202 can mclude a rotationally leading surface 208 and a rotationally traihing
surface 210. The rotationally lecading and tratling surfaces 208, 210 can each be substantially

planar, although other geometrics are withun the scope of the present disclosure.
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[0081] The tabs 202 can cach have a longitudinal length greater than a maxamum
longitudinal distance between the rear segment 33 of the projections 46 of the removable
member 10 and the front scgment 64 of the projections 36 of the anchor member 12, Thus,
when the sleeve 106 18 m the mutial position relative to the dnve adapter 104, cach tab 207 can
span at least the entire length of cach pair of projections 36, 46, In this manner, the tabs 202
can provide radial support to the fixation element 2 and prevent buckling at the neck 23 under
the axial dnving force,

[0082] As shown in FiG 14, the number of tabs 202 of the drive slecve 106 can
comncide with the number of associated pairs of projections 36, 46 of the fixation element 2.
For example, 1n embodiments where the fixation element 2 mcludes tour {4} associated pairs
of projections 36, 46, the sleeve body 140 can include four tabs 202 spaced at 90° miervals
about the longitudinal axis Z of the dnver (ool 2. Additionally, the rotationally leading and
tratlmg surtaces 208, 210 of cach tab 202 can exiend at nght angles (Y%} relative to each
other. In such cmbodiments, the rotationally leading surface 208 of each tab 202 can be
paraticl with the associated pair of lateral surfaces 38b, 48b on the rotationally trathng sides
44, 34 of the associated pairs of projection 36, 46 of the fixation element 2 when the leading
surtace 208 of cach tab 202 abuls the associated pair of trathing iateral surtaces 38b, 43b.
Additionally, the rotationally tratling surface 210 of cach tab 202 can be paraliel with the
associated pair of lateral surfaces 3R%a. 43a on the rotationally leading sides 42, 52 of the
associated pairs of projection 36, 46 when the trailing surtace 210 of cach tab 202 abuts the
associated pair of lcading latcral surtaces 38a, 48a. In further embodiments, the tabs 202 of
the sleeve body 140 and the pairs of projections 36, 46 of the fixation element 2 can each be
cooperatively sized and configured such that tabs 207 nest snuggly between the adjoining
lateral surfaces 38, 48 of the associated pairs of projection 36, 46 of the fixation element 2,
providing stability to the dnving tool 2 and the hixation element 2 dunng insertion of the
anchor member 12 in the target bone.

[0083] As the drive adapter 104 and the fixation element 2 move relative to the drive
sieeve 106 from the mmtial position to the fully mserted posiion, the pairs of lateral surfaces
38, 48 of the engagement clements 22 of the fixation member 2 travel distally along the tabg
2072 of the dnive slecve 106.

[0084] Referning now to FIGS. 13 and 135, the distal end 206 of cach tab 202 can
define a ramped surface 212 mchined toward the direction of rotation. A rotationally leading
edge 214 of each ramped surface 212 can be contiguous with the rotationally leading surface
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208 of the associated tab 202, A rotationally traihng edge 216 of cach ramped surface 2172
can be contiguous with the distal end 114 of the drive slecve 106, The ramped surface 212 of
cach tab 2027 can be sized and oriented s as to provide a space located {ongitudinally between
cach ramped surface 212 and the distal end 114 of the dnive slecve 106, The rotationally
leading edge 214 of cach ramped surtace 212 can be spaced from the distal end 114 of the
drve sleeve 106 bv a clearance distance, measured i the longitudinal direction. The
cicarance distance can be cquivalent to or shghtly greater than a secating distance of the anchor
member 12, measured between the rear segment 60 of the projection 36 and the outer surtface
300 of the bone 302 when the anchor member 12 15 inserted at the predetermmed final depth.
the portion of the anchor member 12 positioned above the outer surface 300 of the bone 302
when the fixation member 12 15 mserted at the predetermined final depth may be termed the
“outboard portion.” The ramped surfaces 212 of the tabs 202 can each be ortented at an angle
g between about §° and about 90° relafive to a direction perpendicular to the longitudimal axas
Z. in other embodiments, the ramped surfaces 212 can cach be oniented at an angle 8 between
about 33 and about 63° relative to the direction perpendicular to the longitudinal axis 7.
[0085] FIG. 16, dlustrates a magmitied side view of the distal end 114 of the drive
sieeve 106, wheremn the drive sleeve 106 15 parbally cut away m a manner depicting the
fixation element 2 1n the fully mserted position relative to the drive sleeve 106 {1.¢, the anchor
member 12 1s mserted m the target bone 302 at the predetermuned final depth). As can be
sgen, a portion of the projection 36 of the anchor member 12 18 positioned longitudimnally
undemeath the rotationally leading edge 214 of the ramped surface 212 at the distal end 206
of an adjacent tab 202. In this manner, once the anchor member 12 reaches the final
predetemmined depth (1., the tully mserted position}, the driving tool 102 enters the second
mode of operation, wherein each projection 36 of the anchor member 12 clears the
rotationally lecading surface 208 of cach tab 202, However, the rotationally leading surfaces
208 of the tabs 202 can remam engaged with the rotationally traithng surfaces of the
projections 46 of the removable member 10, imparting a majonty, or even substantially all, of
the rotational dniving force to the projections 46 of the removable member 10, In thus manner,
a torque dufferential 1s mmparted between the removable member 10 and the anchor member
12, The diameter D1 of the neck 23 can be sized such that the torque differential sutficient to
tracture the neck 23 1s less than the torque differential required to further rotate the anchor
member 12 after the projections of the anchor member 12 have cleared the rotationally

lcading surfaces 208 of the tabs 202, Thus, the msertion system 100 can be precisely
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designed and configured to cause the fixation element 2 to fracture at the attachment location
21 once the anchor member 12 reaches the predeternuned final depth i the bone 302,

[0086] Additionally, once the neck 23 factures, the drive adapter 104 and the drive
siceve 106, with the removable member 10 of the fixation ¢lement 2 remaming coupled
thereto, can continue to rotate relative to the fully mseried anchor member 12 about the
longtudinal axis 7. The ramped surtaces 212 of the tabs 202 can engage the outboard portion
ot the projections 36 of the anchor member 12 i a manner allowing the distal ends 206 of the
tabs 202 to shde up and over the outboard portions without providing enough torgue to the
outboard portions to further rotate the anchor member 12, In this manner, continucd rotation
of the drive sleeve 106 after the anchor member 12 has reached the predetermuned final depth
may not result i over-rotation of the anchor member 12 within the target bone 302, Thus, it
can understood that, 1n some embodiments, after the neck 23 fracturcs, the tabs 202 do not
drnve the anchor member 12 further mto the bone 302 when the rear segments 60 of the
projections 36 of the anchor member 12 are distally separated from the rotationally lcading
surfaces 208 of the tabs 202. Accordingly, harmful ettects on the patient resulting from over-
rotation of over-seating of the anchor member 12 can be prevenied. Morcover, the tabs 202,
their ramped surfaces 212 and distal ends 206 may be characterized as depth control features,
as the clearance distance at the distal ends 206 of the tabs, and the size and onentation of the
ramped surfaces 212, can effectively determune the insertion depth at which the anchor
member 12 ceases to rotate and drive further uto the target bone 302, Additionally, the tabs
2072, thewr ramped surfaces 212 and distal ends 206 mayv be charactenized as torque control
teatures, as the maximum forgue apphied to the anchor member 12 can be deternunative based
upon the final predetermined depth at whach the anchor member 12 15 mseried.

[0087] Referring again to FIG. 13, the rotationally tratling surface 210 of each tab
202 can detine, at the distal end 206 thercof, can define a portion 220, also termed a “reverse
engagement portion,” that can be flush with the distal end 114 of the dnive sleeve 106, The
reverse engagement portions 220 of the tabs 202 will now be discussed. As set forth above.,
the rotationally trailing surface 210 of cach tab 202 can be parallel with the iateral surface 38a
on the rotationally leading side 42 of the associated projection 36 of the anchor member 12
when the trading surface 210 of the tab 202 abuts the leading lateral surtaces 38a. Thus, once
the anchor member 12 15 mnserted to the predeternuned final depth, the ramped surtaces 212

allow the tab distal ends 206 to shide up and over the outboard portions of the projections 36
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of the anchor member, and subsequently down agamn mto engagement with the outer surface
300 of the bone 302, once the tabs 202 rotate to the space between successive projections 36.
[0088] it the physician desires to back~out (1.¢., unscrew) the anchor member 12, he
or she can position the distal end 114 of the dnve sleeve 106 over the outboard portion of the
anchor member, such that the tabs 202 are positioned between successive outboard portions of
the projections of the anchor member 12 and the distal end 114 of the drive sleeve 106 15 i

contact with the bone surtace 254, The physician can dnve the sleeve 106 m the reverse

direction, wherein the reverse engagement portions 220 of the tabs 202 can engage outboard
portions of the rotationally leading lateral surtaces 38a of the associated projections 36 with
sutficient torque to cause the anchor member 12 to back-out from the target bone. In this
manner, the msertion system 100 descnbed herein can provide an operator, such as a
phvsician, with finely tuned depth control m the forward {(1.¢., distal} and reverse {1¢.,
proximal} directions.

[0089] Referning now to FI(G. 17, a distal end 114 of the dnive sleeve 106 15 shown
according to an additional embodument, wherem ke reference numbers refer to like
components of the embodiments set forth above. In particular, 1 the embodiment of FIG. 17,
the tabs 202" do not include ramped surtfaces 212 contiguous with the distal end 114 of the
drive slecve 106, Instead, m this addifional embodiment, the cntfire distal end 206 of cach tab
202" can be located proxumally of the distal end 114 of the drive siceve 106 by the clearance
distance. In such an embodiment, the tabs 202" can apply the forque ditferential between the
anchor member 12 and the removable member 12 sufficient to fracture the neck 23
therebetween, but will not provide back-out functionality once the anchor member 12 has
cleared the distal ends 206" of the tabe 202", However, as with the embodiments tlhustrated
above, over-rotation of the anchor member 12 within the target bone can be prevented.

[0090] FIG. 18 dlustrates a driving svstem 100 according to a further embodiment,
wherein hike reference numbers refer to hike components of the embodiments set forth above.
In the embodiment of FIG. 13, the anchor member 12" 15 not be coupled to a removable
portion 10, Instead, the dniving fool 102" can carry a pusher member 400 configured to abut
the proxamal end 18" of the anchor member 127 i a manner providing the axaal dnving {orce
to the anchor member 12" during msertion. The rotational driving force can be apphied to the
projections 36 of the anchor member 127 by the tabs 202 1n the manner set forth above.

[0091] In vet another embodiment, a kit can inciude a plurality of fixation clements

2, wheremn ¢ach of the plurality of fixation elements 2 compnses a different contiguration,
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size, or material. The kit can further contamn a plurality of drive sleeves 106 associated with
the various sizes of the fixation elements 2. the kit can be especially uschul in trauma
cnvironments, for case of use and sumplicity.

[0092] 1t s to be appreciated that the fixation elements 2 and associated driving tools
102 disclosed herem can also be configured and utihzed for atfixang bone plates of various
sizes and configurations to bone.

[0093] Although various cmbodiments have been descnbed in detail, i should be
understood that varnious changes, substitutions, and alterations can be made herem without
departing from the spirit and scope of the disclosure as defined by the appended clamms.
Moreover, the scope of the present application 1s not mtended to be limited to the particular
cmbodiments of the process, machine, manufacture, compostiion of matter, methods and steps
described mn the specification. As one of ordinary skill m the art will readily appreciaie from
the present disclosure, processes, machines, manufacture, composition of matter, methods, or
steps, presently existing ot later to be developed that pertorm substantially the same function
or achieve substantially the same result as the corresponding embodiments described heren
can be utilized.

[0094] It will be appreciated bv those skilled in the art that vanous modifications
and attcrations to the embodiments descnibed heremn can be made without departing from the
broad scope of the appended claims. Some of these have been discussed above and others

will be apparent to those skilled m the art.
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We clai:

i, A system for mnserting an anchor member mio bone, the system comprising:

a recerving member elongate along a longitudmal axis, the receiving member having a
proximal end and a distal end spaced from the proximal end along the longitudinal axas, the
receiving member having an internal surface that defines a transmission element; and

an anchor member receivable within the receiving member, the anchor member having
an engagement element configured to rotatably engage the transmission ¢lement such that the
transmission element 1s configured to drive the anchor member in a distal direction relative to
the transnussion clement so as o rotatably decouple the engagement element from the
transmission eiement, wherein the distal direction extends from the proximal end to the distal

end of the receiving member and 1s paraliel with the longitudinal axus.

2. the system of claim 2, further comprisimg a driver configured to abut a proximal end
of the anchor member so as to apply an axial dniving force to the anchor member m the distal

direction while the engagement element is rotatably engaged with the transmission element.

3. The system of claim 2, wheremn the transmission element 1s configured to apply a
rotational driving force to the anchor member when the transnission element and the

engagement clement are engaged.

+ The system of claim 1, wheremn the anchor member comprises a bone screw having a
head and a shaft extending from the head m the distal direction, and the head defines the

engagement element.

3. The system of claim 2, wherein the engagement element comprises a plurahity of
projections extending radially outward from the anchor member, and cach of the plurality of
projections 1s separated from a cucumicrentiallv successive projection of the plurality ot

projections by a recess.

A. The system of claim 5, wherem the transmission element comprises a plurality of tabs

cxtending radialiv mward from the internal surface of the receiving member, and cach ot the
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plurahity of tabs 1s disposable 1n the recess between circumiferentially successive projections

of the plurality of projections.

7. The system of claim 6, wherem cach ot the plurality of projections comprises a
rotationally leading surface and a rotationally trathing surface that 15 parallel with the

rotationally leading surface.

8. The system of claim 7, wherein ¢cach rotationally leading surface of the plurality of
projections 15 perpendicular {0 a rotationally trathing surface of a circumterentially saccessive
projection of the plurality of projections when each rotationally leading surface of the
plurality of projections abuts the associated rotationally trailling surtace of the

circumferentially successive projection.

9. The system of claim 8, wherein cach of the plurality of tabs defines a rotationally
icading surface and a rotationally trailing surface, and the plurality of tabs and the plurahity of
projections are cooperatively sized and contigured such that cach of the rotationally leadmg
surfaces of the plurality of tabs 1s parallel with an associated rotationally tratling surtace of the
plurahity of projections when cach of the rotationallv leading surtaces abuts the associated

rotationally trailing surface.

i0. A ool for dniving an anchor member mnto bone during cach of a first mode of
operation and a second mode of operation, the tool comprising:

a driver;

a recetving member having a proximal end and a distal end spaced from the proxamal
cnd along a longitudinal axis, the drnver attachable to the proxamal end of the receiving
member so at to rotate the receving member about the longitudinal axis, the receiving
member further compnsing at least one torgue transmission ¢lement, wherein,

in a first mode ot operation, the at feast one torque transmission clement 15
configured to engage at least one first engagement element and at least one second
engagerent element of a bone fixation clement in @ manner {o rotate the anchor

member about the longitudinal axis, and
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i the second mode of operation, the at least one torgue transmission element 1S
configured to be decoupled trom the at least one first engagement element and remam
coupled to the at icast one second engagement clement; and
a coupler coupled to cach of the driver and the receiving member such that, dunng a

first portion of the first mode of operation, the dnver and the recerving member are
translatably fixed relative to one another along the longitudinal axus, and, during a second
portion of the first mode of operation, the driver and the receiving member are transiatable

relative {o one another along the longitudinal axis.

i1, The tool of clamm 10, wherem the at least one torque transmussion clement 1s located

adiacent the distal end of the receving member.

12, Thetool of claxm 11, wherein the at least one torque transnssion element Comprises a
tab extending radially mward from an mner surface of the recerving member toward the

longitudinal axus.

13,  'The tool of claim 12, wherem the tab defines a proximal end and a distal end, the
distal cnd of the tab 1s spaced from the proximal end of the tab mn a distal direction. the distal
direction extends from the proxumal end of the receiving member to the distal end of the
recciving member and 1s parallel with the longitudinal axus, and the distal end of the tab is

contiguous with the distal end ot the receiving member.

{4, The tool of clamm 13, wherem the tab further comprises:

a rotationally leading surface and a rotationally trathing surtace when the receiving
member 18 rotated about the longtudinal axis; and

a ramped surface having a rotationally leading edge contiguous with the rotationally
leading surface, and a rotationally trathing edge contiguous with the distal end of the tab.
i3, The tool of claim 14, wherem:

the distal end of the recerving member 18 spaced from the rotationally leading edge of
the ramped surface in the distal direction by a first distance; and

the tab 1s configured to drive the bone fixation clement into bone responsive 1o

rotation of the receiving member about the longitudinal axas until the distal end of the
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receiving member 15 spaced from a proxamal end of cach of the first pluralitv of engagement

clements m the distal direction by a second distance that 1s less than the first distance.

16.  'The tool of clawm 10, wherem the coupler 1s configured to bias the receiving member

in the distal direction relative to the driver.

i7.  The ool of claim 10, wheren the receiving member comprises a guide clement, and
the dniver comprises a follower configured to travel within the guide element so as to control a

rotational position of the recerving member relative to the dniver.

18, 'The tool of clamm 10, wherem the driver comprises:

a bore having a central axis comcident with the longibudinal axus, the bore sized and
configured to receive a proxamal end of the bone fixation clement; and

a retention eiement received within the bore, the retention element configured fo
engage the bone fixation element so as to prevent the bone fixation element from dislodging

from the bore responsive {0 a gravitational force of the bone fixation element.

19, A fixation clement, comprising:

an anchor member having a proxamal end and a distal end spaced from the proxamal
end along a central axis, the anchor member having a first plurality of engagement clements
sized and configured to receive a driving torque that drives the anchor member; and

a removable member having a proxamal end and a distal end spaced from the proxumal
end along the central axis, the removable member adjoined with the anchor member at an
wtertace, the removable member mcluding a second plurality of engagement clements sized
and configured to receive the drniving torque, wherein the mitertace 1s configured to fracture
responsive 1o a predetermuned torque differential between the removable member and the
anchor member, and

wherem the first plurality of engagement clements comprises a first piurality of
projections, the second plurality of engagement elements compnises a second pluraiity of
projections, each of the projections of the first and sccond phurality of projections extends
radrally outward and defines a pair of opposed surfaces and a pernipheral surface extending
between the pair of opposcd surfaces, and the opposed surfaces of each pair are substantially

paralicl with one another and with the central axas.
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20, The fixation clement of claim 19, wherein the anchor member detines a head at the

proximal end thereof, the first plurality of projections arc disposed on the head, the second
plurality of projections are disposed on the removable member at a location adjacent the distal
end of the removable member, the miertace defines a radius measored from the contral axis,
and the radius is less than a nunimum radial distance measured from the central axis to each

ot the opposed surfaces of the second plurality of projections.
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