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(57) ABSTRACT 
(75) Inventor: Davld H‘ LEWIS’ Fort Colhns’ CO (Us) A system for and methods of easily and securely inserting 

Correspondence Address and removing a fastener usable during orthopedic surgery to 
' promote proper healing of injured bone are disclosed. In at 

least one embodiment, the invention provides a system for 

FORT COLLINS CO’ 80521 (Us) positive, complete tri-modal retention of a bone media 
’ fastener element by a bone media fastener driver element so 

- _ - - that three types of positional divergence of the driver relative 73 As . H h P] T h l G LLC ( ) slgnee Fgrgt co?lilnnss CBC (ggfgy roup’ ’ to the fastener—bi-aXial, bi-rotational, and bi-lateral—may 
’ be prevented. At least one embodiment of a bone media 

(21) APPL No. 10/326,701 fastener apparatus may comprise a shaft element, a threaded 
bone engagement element, and a head element that itself 

(22) Filed; Dec_ 20, 2002 may comprise a fastener-side, positive, complete tri-modal 

(51) 

Publication Classi?cation 

Int. Cl.7 ................................................... .. A61B 17/56 

retention element that is engageable With a driver-side, 
positive, complete tri-modal retention element of a bone 
media fastener driver element to prevent bi-lateral diver 
gence, bi-rotational divergence, and bi-aXial divergence. 
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Fig. 3 
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Fig. 7 
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Fig. 8 
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Fig. 10 
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BONE SCREW FASTENER AND APPARATUS FOR 
INSERTING AND REMOVING SAME 

BACKGROUND OF THE INVENTION 

[0001] Generally, this invention relates to a system for and 
methods of easily and securely inserting and removing a 
fastener that in at least one application is used during 
orthopedic surgery to promote proper healing of injured 
bone. Speci?cally, the invention focuses upon a fastener and 
a corresponding driver that is usable to insert and remove the 
fastener in a manner that reduces the chance of slippage of 
the driver from the fastener—a problem in orthopedics, 
other branches of health care, and fastening generally. 

[0002] Fasteners With threads, or screW fasteners, are 
commonly used to hold broken bones in place during 
healing and to attach orthopedic healing aids such as plates 
or rods to broken bones. In many healing applications, the 
fastener should have the ability to draW pieces of the bone 
into intimate contact, and/or the orthopedic healing aid into 
intimate contact With the bone(s) or bone pieces. The torque 
required to achieve this may be delivered by an insertion 
device or driver. Ideally, the fastening system Will alloW for 
quick insertion to minimiZe the time required for the pro 
cedure and Will have suf?cient engagement With the inser 
tion device to prevent positional divergence such as slippage 
of the driver from the fastener Which could cause the 
fastener to be improperly positioned and/or cause additional 
damage to the bone, among other problems. Additionally, 
the system Will alloW for secure non-slip insertion of the 
fastener Without requiring an improperly high compressive 
force be imparted by a user to the driver. Finally, a removal 
device (Which may be the same as the insertion device) must 
be able to securely reengage the fastener so it can be 
removed from the bone With a minimiZed chance of posi 
tional divergence of the driver from the fastener, also 
Without requiring the application of an improperly high 
compressive force into the fastener to assure secure removal 
of the fastener. 

[0003] Efforts in the driver/fastener system ?eld have 
tended to focus on the design of thread systems to ensure 
intimate contact of bone fragments and/or of the orthopedic 
healing aid With bone(s). Examples of these efforts may be 
illustrated in US. Pat. Nos. 6,022,352, 6,083,227, and 
5,871,486. While these technologies address an important 
problem, considerably less effort has been applied to the 
equally important problem of quickly, safely, and securely 
inserting and removing bone screW fasteners. Examples of 
efforts in this speci?c area are illustrated in US. Pat. Nos. 
5,885,286; 6,048,343; 6,183,472; and 5,997,538. Several of 
these approaches are complex mechanical assemblies con 
sisting of many small parts Which may be dif?cult to 
assemble and manipulate, and that pose a haZard to the 
patient during orthopedic surgery. Often, the physician must 
take additional time to use these devices and ensure their 
proper assembly and disassembly. Thus, there is a need for 
a fastener/driver device that is not a complex mechanical 
assembly and that exhibits a positive, non-slip engagement 
betWeen driver and fastener. Although this problem is Well 
knoWn on orthopedics and other ?elds of endeavor, the need 
for a simple system that facilitates the rapid, reliable and 
secure insertion and removal of fasteners has not been 
adequately met. 
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SUMMARY OF THE INVENTION 

[0004] The present invention includes a variety of aspects 
and features Which may be applied in various Ways depend 
ing on the exact application or need to be addressed. At least 
one embodiment of his invention involves a system for the 
rapid and reliable insertion and removal of fasteners for use 
in orthopedic surgery and other applications requiring such 
capability. This system may include a fastener and a tool 
such as a driver that is usable for insertion and removal of 
the fastener. In one basic form, the invention provides a 
system for positive, complete tri-modal retention of a fas 
tener by a fastener driver so that during operation of the 
system in a fully engaged con?guration and under design 
loads, three types of positional divergence of the driver 
relative the fastener—bi-axial, bi-rotational, and bi-lateral— 
are prevented. Thus, relative to conventional fastener/driver 
systems, the fastener can be inserted and removed by the 
driver more quickly and With a reduced possibility of 
slippage, stripping, or other haZardous, undesired positional 
divergence of the driver from the fastener. The system is 
designed to better meet the needs of both the patient and the 
physician in orthopedic surgery and other areas of health 
care. It may also ?nd use in other fastening applications such 
as structural assembly, Whether in ?elds such as aerospace, 
aircraft or carpentry, as but a feW examples. 

[0005] An object of at least one embodiment of the 
invention is to provide an insertion/removal device such as 
a bone fastener driver that can be easily inserted into the 
head of a bone fastener, With a resultant positive, complete 
tri-modal retention of the driver to the fastener, Where 
positive, complete tri-modal retention may include the pre 
vention of each bi-lateral, bi-rotational, and bi-axial diver 
gence of the driver from the fastener. 

[0006] Another goal of at least one embodiment of the 
invention is to provide a positive retention driver/fastener 
system that is operable by a user Who prefers to (or must) use 
only one hand. 

[0007] A further feature of at least one embodiment of this 
invention may be to provide a positive retention element that 
may also facilitate proper alignment of the driver With the 
fastener. 

[0008] Another goal of the invention is to enable the 
application of increased driving torques When necessary or 
desired Without resulting in positional divergence of the 
driver from the fastener. Such increased torques may not 
have been possible With prior systems Whose designs may 
have resulted in positional divergence (such as bi-axial, 
bi-lateral, or bi-rotational slippage) of the driver from the 
fastener during higher applied torque load operation, or 
Whose designs may have required the application of an 
improperly high compressive axial force to assure secure 
driver-to-fastener engagement throughout the driving pro 
cess. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] All draWings are intended merely as examples of at 
least one embodiment. 

[0010] FIG. 1a is a vieW of at least one embodiment of the 
fastener apparatus. 

[0011] FIG. 1b is a vieW of at least one embodiment of the 
fastener apparatus. 
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[0012] FIG. 1c is a vieW of at least one embodiment of the 
fastener apparatus showing different elements. 

[0013] FIG. 2 is a vieW of at least one embodiment of the 
fastener driver apparatus, including close up vieWs of dif 
ferent embodiments of the end of the fastener driver appa 
ratus. 

[0014] FIG. 3 is another vieW of at least one embodiment 
of the fastener driver apparatus, including close up vieWs of 
different embodiments of the end of the fastener driver 
apparatus. 

[0015] FIG. 4 is a vieW of at least one embodiment of the 
fastener and driver system. 

[0016] FIG. 5a is a vieW of at least one embodiment of the 
fastener and driver system in an engaged con?guration. 

[0017] FIG. 5b is a vieW of at least one embodiment of the 
fastener and driver system in an engaged con?guration, and 
including an orthopedic plate. 

[0018] FIG. 5c is a vieW of at least one embodiment of the 
fastener and driver system in an engaged con?guration, and 
including an orthopedic rod. 

[0019] FIG. 6 is a vieW of at least one embodiment of the 
fastener as it is used to fasten an orthopedic plate. 

[0020] FIG. 7 is a vieW of at least one embodiment of the 
fastener and driver system. 

[0021] FIG. 8 is a vieW of at least one embodiment of the 
fastener and driver system in an engaged con?guration. 

[0022] FIG. 9 is a vieW of at least one embodiment of the 
fastener and driver system. 

[0023] FIG. 10 is a vieW of at least one embodiment of the 
fastener and driver system. 

[0024] FIG. 11 is a vieW of at least one embodiment of the 
fastener and driver system. 

[0025] FIG. 12 is a vieW of at least one embodiment of the 
fastener apparatus. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] At least one embodiment of a bone media fastener 
apparatus 1 may comprise a shaft element 2, a threaded bone 
engagement element 3 responsive to the shaft element 2, and 
a head element 4 responsive to the shaft element 2. The head 
element 4 may have a larger Width dimension 5 than does the 
threaded bone engagement element 3 and the shaft element 
2, and may comprise a fastener-side, positive, complete 
tri-modal retention element 6 that is engageable With a 
driver-side, positive, complete tri-modal retention element 7 
of a bone media fastener driver element 8. This fastener 
side, positive, complete tri-modal retention element may 
prevent bi-lateral divergence 9, bi-rotational divergence 10, 
and bi-aXial divergence 11. Note that in at least one embodi 
ment, each of these terms refer to driver-from-fastener 
divergence. The terms “bone”, “bone media”, and “bone 
medium” may refer to bone, bone fragments, osseous tissue, 
?brous connective tissue, and/or calci?ed tissue. As long as 
at least one of the tWo or more parts that are to be fastened 
is bone or bone media (as but tWo examples, one part may 
be an orthopedic plate 62 or rod 63), then the term bone or 
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bone media is properly applicable. Bi-lateral divergence 9 
may refer to positional divergence or motion of the driver 
aWay from the fastener in a lateral direction. Note that 
bi-lateral divergence prevention may not only refer to pre 
vention of divergence in either of the tWo directions along 
any slot-like receptors 15 that either the fastener 22 or the 
driver 14 may comprise, but may also include prevention of 
lateral divergence in other directions. Bi-rotational diver 
gence 10 may refer to angular displacement of the driver 
relative to the fastener in either a clockWise or counterclock 
Wise direction. Bi-aXial divergence 11 may refer to posi 
tional divergence or motion of the driver 14 aWay from or 
toWards the fastener 22 in an aXial direction, Where aXial 
direction may refer to along the length aXis 35,29 of the 
driver 14 and/or fastener 22. 

[0027] The fastener-side, positive, complete tri-modal 
retention element 6 may comprise a fastener-side, positive 
complete tri-modal obstructive retention element 101. The 
term obstructive retention indicates that the retention of the 
driver 14 by (or to) the fastener 22 is achieved primarily 
through obstruction of at least one part by at least one other 
part, as opposed to through friction betWeen parts. The mere 
presence of some friction Will not render inapplicable the 
characteriZation of a retention element as obstructive, as the 
term obstructive merely indicates that more than half of the 
retention force is achieved through obstruction instead of 
friction. Frictional retention is deemed to occur Whenever at 
least one of tWo substantially parallel contacting surfaces is 
prevented from moving in a direction parallel to the plane of 
the contacting surfaces by a force that compresses the 
contacting surfaces against one another. Note also that, e.g., 
tWo contacting spheres can be prevented from moving 
relative to one another by frictional (or frictive) retention 
because the contacting surfaces are substantially parallel 
(notWithstanding the fact that the surfaces of Which the 
contacting surfaces are a part are not planar). 

[0028] The fastener-side, positive complete tri-modal 
retention element 6, in addition to the fastener-side positive 
complete tri-modal obstructive retention element 101, may 
comprise a fastener-side bi-lateral divergence prevention 
element 102, a fastener-side, bi-rotational divergence pre 
vention element 103, and a fastener-side, bi-aXial divergence 
prevention element 104. The fastener-side bi-lateral diver 
gence prevention element 102 may be any part or element 
(including one shaped to create a void, space, slot, recess or 
receptor) located on the fastener 22 that is usable to prevent 
bi-lateral divergence 9; the fastener-side, bi-rotational diver 
gence prevention element 103 may be any part or element 
(including one shaped to create a void, space, slot, recess or 
receptor) located on the fastener 22 that is usable to prevent 
bi-rotational divergence 10; and the fastener-side, bi-aXial 
divergence prevention element 104 may be any part or 
element (including one shaped to create a void, space, slot, 
recess or receptor) located on the fastener 22 that is usable 
to prevent bi-aXial divergence 11. These elements (as Well as 
any other elements presented in the claims) are not neces 
sarily different and discrete elements (although they may 
be), but instead tWo or more elements may be the same 
structural part, e.g. Of course, certain claims may limit 
certain elements as discrete elements, or may limit one 
element as comprising one or more other elements. For 

eXample, in at least one embodiment, at least a portion of the 
fastener-side bi-lateral divergence prevention element 102 
may comprise a portion of the fastener-side bi-aXial diver 
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gence prevention element 104, as may be the case Where, 
e.g., an extendable driver part 67 is extendable into a 
receptor located on the fastener and the extendable driver 
part end 141 contacts the fastener receptor bottom 142 in an 
extended con?guration 58. 

[0029] The fastener-side bi-lateral divergence prevention 
element 102 may comprise a bi-lateral divergence preven 
tion receptor element 12, Which may be engageable With an 
extendable, bi-lateral divergence prevention element 13 of 
the driver-side, positive retention element 7 to prevent 
bi-lateral divergence 9. The term extendable may indicate 
that the referenced element or part is extendable relative to 
a device such as the driver 14 that the extendable element 13 
is a part of. The fastener-side, bi-rotational divergence 
prevention element 103, and the fastener-side, bi-axial 
divergence prevention element 104 may together form a 
fastener-side, combined bi-rotational and bi-axial diver 
gence prevention element 16. This fastener-side combined 
element 16 may be engageable With a driver-side, combined 
bi-rotational and bi-axial divergence prevention element 17 
of the driver-side, positive retention element 7 of the bone 
media fastener driver element 8 to prevent bi-rotational and 
bi-axial divergence 10, 11. 

[0030] In at least one embodiment, at least a portion of the 
fastener-side bi-lateral divergence prevention element 102 
may comprise a portion of the fastener-side bi-axial diver 
gence prevention element 104. Further, at least a portion of 
the bi-lateral divergence prevention receptor element 12 
may comprise a portion of the fastener-side bi-axial diver 
gence prevention element 104, as may be the case Where, 
e.g., an extendable driver part 67 is extendable into a 
receptor located on the fastener and the extendable driver 
part end 141 contacts the fastener receptor bottom 142 in an 
extended con?guration 58. 

[0031] Additionally, at least a portion of the fastener-side 
bi-lateral divergence prevention element 102 may comprise 
a portion of the fastener-side, combined bi-rotational and 
bi-axial divergence prevention element 16. Also, the bi 
lateral divergence prevention receptor element 12 may com 
prise a portion of the fastener-side, combined bi-rotational 
and bi-axial divergence prevention element 16. In any of 
these designs, the fastener-side bi-lateral divergence preven 
tion element 102 may be adapted and dimensioned to 
interact With a driver part in order to prevent at least some 
bi-axial divergence (such as movement of the driver 14 
toWards the fastener 22 along a driver and/or fastener axis 
35, 29). Such a design may alloW for a tighter retention ?t 
upon engagement of the driver 14 With the fastener 22, 
including a design Where the driver part that the fastener 
side bi-lateral divergence prevention element 102 interacts 
With is an extendable, bi-lateral divergence prevention ele 
ment 13 that is responsive to an incrementally adjusting 
engagement activation element 47. 

[0032] The fastener-side bi-axial divergence prevention 
element may comprise an axis-orthogonal appendage recep 
tor element 18 established at least partially along a diameter 
19 of the fastener face 20; the axis-orthogonal appendage 
receptor element 18 may comprise at least tWo distally 
divergent, diameter-parallel Walls 21. The term axis-or 
thogonal may indicate that the length axis of the referenced 
term is orthogonal or perpendicular to the driver length axis 
35 or fastener length axis 29, Whichever device the refer 
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enced term is a part of. The term distally is used to indicate 
in a direction aWay from the attachment of the driver 14 to 
the fastener 22, and although the precise location of attach 
ment betWeen the tWo may be a general area 23 at the 
terminus of each 24, 25, the very end 26, 27 of each of the 
termini 24, 25 is deemed the attachment for the purposes of 
clarity. Thus, distally divergent Walls diverge in the direction 
aWay from the very end of the relevant device (in the 
immediately preceding case, the fastener 22). It is important 
to note that Walls can be diameter-parallel Walls even though 
they extend along only a portion of the diameter. The 
axis-orthogonal appendage receptor element 18 may be 
adapted to surround at least a portion 28 of the bi-lateral 
divergence prevention receptor element 12 and may be 
symmetric about a fastener length axis 29. As used here, 
symmetric about a fastener length axis 29 indicates that the 
referenced part or element may be the same on one side of 
the axis as it is on the other side. 

[0033] It is important to understand that an element that 
acts to prevent divergence in any direction need not be able 
to prevent divergence under all forces, but only under design 
forces—those forces that might be expected in a certain 
application. For example, an axis-orthogonal appendage 
receptor element 18 may prevent bi-axial divergence 11 
during orthopedic surgery under a tension load of tWo lbs. 
applied by the driver to the fastener, but may not prevent 
bi-axial divergence 11 under a tension load of tWo-hundred 
lbs. because application of such an extreme force is not to be 
expected during orthopedic surgery. 

[0034] In at least one embodiment of the bone fastener 
apparatus 1, the axis-orthogonal appendage receptor element 
18 may be adapted to surround at least a portion of the 
fastener-side bi-lateral divergence prevention element 102. 
Further, the bi-lateral divergence prevention receptor ele 
ment 12 may comprise a circular cross-sectional bi-lateral 
divergence prevention receptor element 30, or it may com 
prise a non-circular cross-sectional bi-lateral divergence 
prevention receptor element 31. As such a non-circular 
cross-sectional bi-lateral divergence prevention receptor ele 
ment 31 may be usable to prevent bi-rotational divergence 
10 of the driver from the fastener upon engagement With a 
non-circular driver part, the fastener-side, bi-rotational 
divergence prevention element 103 may be said to comprise 
at least a portion of the non-circular cross-sectional bi-lateral 
divergence prevention receptor element 31. Further, the 
bi-lateral divergence prevention receptor element 12 may be 
engageable With a tapered, extendable, bi-lateral divergence 
prevention element 32 of the driver-side, positive complete 
tri-modal retention element 7 (regardless of the cross-sec 
tional shape of the extendable, bi-lateral divergence preven 
tion receptor element 12). The taper may also be termed a 
chamfer. In at least one embodiment of the bone fastener 
apparatus 1, the bi-lateral divergence prevention receptor 
element 12 may also exhibit a depth 36 along the fastener 
length axis 29 that is approximately the same as the depth 37 
of the axis-orthogonal appendage receptor element 18 along 
the fastener length axis. 

[0035] It is important to note that in a preferred embodi 
ment, the bone fastener apparatus 1 may be a single com 
ponent Which may be made by a variety of means including 
machining, casting, molding, or other techniques. It may be, 
e.g., of a generally cylindrical shape 33 into Which may be 
formed threads 34 of various types appropriate to the 


























