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ORTHOPEDIC SCREWS COMPRISING A TIP, A HEAD, AND A SHAFT

THAT COMPRISES A THREAD HAVING A PLURALITY OF GROOVES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.

62/470,546, filed March 13, 2017, the entire disclosure of which is hereby incorporated

herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to orthopedic screws and cannulated orthopedic screws,

and more particularly to orthopedic screws and cannulated orthopedic screws that include a

tip, a head, and a shaft extending between the tip and the head, wherein: (i) the shaft

comprises a shaft core and at least one thread; (ii) the at least one thread is disposed helically

along the shaft, extends radially from the shaft, and has a plurality of grooves oriented

transversely with respect to the at least one thread; (iii) the plurality of grooves define a series

of thread segments and thread slots along the at least one thread; and (iv) the shaft core is

solid from the tip to the head.

BACKGROUND OF THE INVENTION

[0003] Orthopedic screws, including cannulated orthopedic screws, are hard-tissue

implants that can be used to fix bone or bone fragments relative to each other and/or to

position other hard-tissue implants with respect to bone. Many types of orthopedic screws

have been disclosed.

[0004] For example, Prien et al., U.S. Pat. No. 9,198,701, discloses a bone fastener

for use in orthopedic surgery for anchoring an intramedullary nail to bone. The bone fastener

has a shaft with a front region and a rear region. The front region has an anchoring thread for

attaching the bone fastener to bone. The front region has a first core diameter and the

anchoring thread has a thread pitch. The rear region has one or more explantation grooves

helically arranged at a pitch substantially corresponding to the pitch of the anchoring thread

for facilitating explantation of the bone fastener. Two axially spaced apart grooves or groove

sections are separated by a flat shaft portion defining an outside diameter of the rear region.

The rear region has a second core diameter greater than the first core diameter.

[0005] Also for example, Christen et al., U.S. Pub. No. 2010/021 1118, discloses a



self-tapping bone screw for use as a compression screw or a locking screw for an implant.

The self-tapping bone screw has a screw shank, which has a front tip, a cutting region, an

intermediate region, and a rear head region. A thread extends, in a threaded portion of the

screw shank, over a transition region comprising mutually adjoining parts of at least the

cutting region and the intermediate region. An outside diameter and a root diameter of the

screw shank are defined by the thread in the threaded region. In the transition region the root

diameter of the screw shank in the cutting region is greater than the root diameter of the

screw shank in the intermediate region. Furthermore, in the transition region the outside

diameter of the screw shank is constant.

[0006] General purpose screws can be used for fixation of workpieces generally.

Many types of general purpose screws also have been disclosed.

[0007] For example, Hsu, U.S. Pat. No. 6,789,991, discloses a screw that is shaped to

be screwed into a workpiece easily, without causing cracks on the workpiece, while the

tightness of connection is not reduced. The screw includes a rod-shaped portion, and a spiral-

shaped thread winding around the rod-shaped portion. Several cutting trenches are formed on

the rod-shaped portion for cutting bits from a workpiece when the screw is being screwed

into the workpiece. A tapering front end portion of the rod-shaped portion is provided with a

notch, and cutting teeth are provided on that portion of the thread corresponding to the

tapering front end portion.

[0008] Also for example, Lajewardi et al., U.S. Pat. No. 9,581,183, discloses a multi-

thread screw. The screw includes a head end, a shank and a tapered end. The head end

includes a tool engaging part. The head end is located at one end of the shank and the tapered

end is located at an opposite end of the shank. Multiple threads are formed along the screw

including a high thread, a low thread and a set of intermediate threads.

[0009] Unfortunately orthopedic screws are not generally designed to both provide

immediate load transfer upon implantation and prevent stress shielding over time. This can

result in delayed healing of bone following implantation of an orthopedic screw and/or result

in loosening of the orthopedic screw with respect to bone over time. Moreover, general

purpose screws are not generally designed for orthopedic applications at all. Accordingly, a

need exists for improved orthopedic screws, including cannulated orthopedic screws.

SUMMARY

[0010] An orthopedic screw is provided. The orthopedic screw includes a tip, a head,

a shaft extending between the tip and the head. The shaft comprises a shaft core and at



least one thread. The at least one thread is disposed helically along the shaft, extends radially

from the shaft, and has a plurality of grooves oriented transversely with respect to the at least

one thread. The plurality of grooves define a series of thread segments and thread slots along

the at least one thread. The shaft core is solid from the tip to the head.

[0011] A method of use of an orthopedic screw for fixation of a hard tissue in an

individual in need thereof also is provided. The orthopedic screw is as described above. The

method comprises a step of rotationally driving the orthopedic screw into the hard tissue of

the individual.

[0012] A cannulated orthopedic screw also is provided. The cannulated orthopedic

screw comprises a tip having a tip opening, a head having a head opening, and a shaft

extending between the tip and the head. The shaft comprises a shaft core and at least one

thread. The at least one thread is disposed helically along the shaft, extends radially from the

shaft, and has a plurality of grooves oriented transversely with respect to the at least one

thread. The plurality of grooves define a series of thread segments and thread slots along the

at least one thread. The shaft core is hollow from the tip to the head and defines a lumen

extending from the tip opening to the head opening.

[0013] A method of use of a cannulated orthopedic screw for fixation of a hard tissue

in an individual in need thereof also is provided. The cannulated orthopedic screw is as

described above. The method comprises a step of rotationally driving the cannulated

orthopedic screw into the hard tissue of the individual.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features, aspects, and advantages of the present disclosure are

better understood when the following detailed description is read with reference to the

accompanying drawings, in which:

[0015] FIG. 1 is a side view of an orthopedic screw as disclosed herein;

[0016] FIG. 2 is an enlarged side view of a portion of the orthopedic screw of FIG. 1;

[0017] FIG. 3 is a side view of another orthopedic screw as disclosed herein;

[0018] FIG. 4 is an enlarged side view of a portion of the orthopedic screw of FIG. 3 ;

[0019] FIG. 5 shows bottom perspective views of portions of orthopedic screws

having slot depths of (A) 250 µπ , (B) 500 µπ , and (C) 750 µ .

[0020] FIG. 6 is a further enlarged side view of a portion of the orthopedic screw of

FIG. 3 ;



[0021] FIG. 7 is a perspective view of an orthopedic screw corresponding to a

trochanteric screw;

[0022] FIG. 8 is a bottom view of the trochanteric screw of FIG. 7 ;

[0023] FIG. 9 is a first side view of the trochanteric screw of FIG. 7 ;

[0024] FIG. 10 is a second side view of the trochanteric screw of FIG. 7 ;

[0025] FIG. 11 is another perspective view of the trochanteric screw of FIG. 7 ;

[0026] FIG. 12 is a side view of a cannulated orthopedic screw as disclosed herein;

[0027] FIG. 13 is a perspective view of a cannulated orthopedic screw corresponding

to a cannulated trochanteric screw;

[0028] FIG. 14 is a bottom view of the cannulated trochanteric screw of FIG. 13;

[0029] FIG. 15 is a first side view of the cannulated trochanteric screw of FIG. 13;

[0030] FIG. 16 is a second side view of the cannulated trochanteric screw of FIG. 13;

[0031] FIG. 17 is another perspective view of the cannulated trochanteric screw of

FIG. 13;

[0032] FIG. 18 is a top view of the cannulated trochanteric screw of FIG. 13; and

[0033] FIG. 19 is a sectional view of the cannulated trochanteric screw of FIG. 14.

DETAILED DESCRIPTION

[0034] As set forth in the figures, example orthopedic screws and cannulated

orthopedic screws are provided. The orthopedic screws and cannulated orthopedic screws

provide advantages, including for example that the orthopedic screws and cannulated

orthopedic screws can promote hard-tissue remodeling and growth of the hard tissue at the

site of implantation and that the interface of the orthopedic screws or cannulated orthopedic

screws and the hard tissue can withstand substantial yield/elongation and load before failure.

Without wishing to be bound by theory, it is believed that these advantages are based on

properties of the orthopedic screws and cannulated orthopedic screws and the interface

resulting from implantation thereof.

[0035] This is because the interface can have a continuous phase corresponding to the

hard tissue and a discontinuous phase corresponding to the orthopedic screws or cannulated

orthopedic screws. The hard tissue can also make up at least 40% of the volume of the

interface, and the product of the Young's modulus of elasticity of the hard tissue and the

volume of the tissue and the product of the Young's modulus of elasticity of the screws and

the volume of thread segments of the screws can be well matched. Thus, the interface can

exhibit mechanical properties similar to those of the bulk hard tissue adjacent to the interface.



Also, the thread segments may be driven into the hard-tissue, e.g. based on rotationally

driving the screws during implantation, potentially eliminating micro-motion and migration

of the screws over time. In addition, the screws may promote rich vascularization of the hard

tissue of the interface, enhancing wound healing, providing nutritional support, accelerating

healing, remodeling, and integration of the hard tissue, and limiting the potential for infection

of the hard tissue. Rapid or immediate integration of the hard tissue into the space between

the thread segments of the screws may also prevent detrimental cellular reactions at the

interface, such as formation of fibrous tissue, seroma, or thrombosis.

[0036] It is believed that implantation of the orthopedic screws and cannulated

orthopedic screws will result in the thread segments of the screws contacting the hard tissue.

The thread segments may penetrate the hard tissue, e.g. partially or completely, upon

implantation of the screws. In such cases, the screws can provide immediate load transfer

upon implantation and prevent stress shielding over time, thus promoting hard-tissue

remodeling and growth at the site of implantation. Alternatively or additionally, in some

cases the thread segments may penetrate the hard tissue later, under physiological loading.

Also alternatively or additionally, over time the hard tissue may grow in and around the

thread segments, thus occupying thread slots between the thread segments, e.g. during

healing.

[0037] The interface resulting from implantation of the orthopedic screws and

cannulated orthopedic screws into the hard tissue will be, or can become, an interface that is

continuous with respect to the hard tissue and discontinuous with respect to the screws. Such

an interface will further exhibit properties similar to those of the bulk hard tissue adjacent to

the interface, e.g. high resilience to load. The result is that the interface following

implantation of orthopedic screws and cannulated orthopedic screws into a hard tissue is

surprisingly long-lasting and resilient to load.

[0038] It is believed that this will be particularly beneficial for use in people having

bone with a low bone mass and/or a deteriorated bone structure, due for example to one or

more of age-related osteoporosis, idiopathic primary osteoporosis, secondary osteoporosis, or

a neoplastic condition of the musculoskeletal system.

[0039] As used herein, the term "orthopedic screw" means a screw suitable for

implantation into a hard tissue, for example in methods of fixation of a hard tissue in an

individual in need thereof. Exemplary orthopedic screws include cortical bone screws, which

can have a fine pitch, and cancellous bone screws, which can have a coarse pitch, among

others.



[0040] As used herein, the term "cannulated orthopedic screw" means an orthopedic

screw that has a lumen extending therethrough, such that the cannulated orthopedic screw can

be introduced to a hard tissue over a guide wire or a guide pin. Exemplary cannulated

orthopedic screws include cannulated trochanteric screws, cannulated pedicle screws (e.g.

cannulated posterior cervical pedicle screws and cannulated posterior lumbar pedicle screws),

and cannulated trauma plate screws.

[0041] Exemplary hard tissues suitable for implantation of the orthopedic screws and

cannulated orthopedic screws include bone, cartilage, calcified cartilage, non-calcified

cartilage, and tissue that has become mineralized. Exemplary hard tissues also include long

bone, maxillary bone, mandibular bone, and membranous bone. Exemplary hard tissues also

include tibia, femur, shoulder, small joints, skull, and metatarsal. Exemplary hard tissues

also include spine. Exemplary hard tissues also include bones of the foot/ankle in addition to

metatarsal, including talus, navicular, cuneiform bones, and phalanges.

[0042] As used herein, the term "interface resulting from implantation of the

orthopedic screws and/or cannulated orthopedic screws into a hard tissue," or more simply

"interface," means the product of implantation wherein the thread segments of the screws are

contacting a hard tissue and the thread slots (and if present, channels) of the screws are

occupied, partially or completely, by the hard tissue. The interface includes the thread

segments, hard tissue that occupies the thread slots (and if present, the channels) of the

screws, and any remaining unoccupied space in the thread slots (and if present, the channels).

[0043] In some example embodiments, e.g. immediately after implanting the

orthopedic screw or cannulated orthopedic screw with at least some penetration of the thread

segments into the hard tissue and/or after at least some remodeling and growth of the hard

tissue to partially fill in space between the screw and the hard tissue, the thread segments are

contacting the hard tissue, and the thread slots are partially occupied by the hard tissue. In

other example embodiments, e.g. immediately after implanting the orthopedic screw or

cannulated orthopedic screw with extensive penetration of the thread segments into the hard-

tissue and/or after extensive remodeling and growth of the hard tissue to fill in all space

between the screw and the hard tissue, the thread segments are contacting the hard tissue, and

the thread slots are completely occupied by the hard tissue. In other example embodiments,

the thread segments contact the hard tissue over time, based on remodeling and growth of

hard tissue in and around the thread segments, e.g. during healing.

[0044] As used herein, the term "continuous," when used for example in reference to

the hard-tissue of an interface, means that the hard tissue forms a single continuous phase,



extending throughout and across the interface. As used herein, the term "discontinuous,"

when used for example in reference to the orthopedic screw or cannulated orthopedic screw

of an interface, means that the screw does not form such a single continuous phase.

Orthopedic Screws

[0045] Considering the features of an example orthopedic screw in more detail,

FIGS. 1-6 provide illustrations in various views of an example orthopedic screw 100, and

FIGS. 7-11 provide illustrations in various views of an example orthopedic screw 100

corresponding to a trochanteric screw 1001.

[0046] As shown in FIG. 1, the orthopedic screw 100 includes a tip 110, a head 120,

and a shaft 130 extending between the tip 110 and the head 120. The shaft 130 comprises a

shaft core 140 and at least one thread 150. The at least one thread 150 is disposed helically

along the shaft 130, extends radially from the shaft 130, and has a plurality of grooves 160

oriented transversely with respect to the at least one thread 150. The plurality of grooves 160

define a series of thread segments 170 and thread slots 180 along the at least one thread 150.

The shaft core 140 is solid from the tip 110 to the head 120.

[0047] By the shaft core 140 being solid from the tip 100 to the head 120, it is meant

that the shaft core 130 does not include hollow portions internal thereto. This can promote

structural integrity of the orthopedic screw 100 despite the plurality of grooves 160.

[0048] As shown in FIG. 1, in some examples the orthopedic screw 100 is tapered

from the shaft 130 to the tip 110. In other examples, the orthopedic screw 100 is not so

tapered.

[0049] As shown in FIG. 7, in some examples (including, for example, the

trochanteric screw 1001, among others) the head 120 comprises a tool engaging portion 190

for rotationally driving the orthopedic screw 100. In other examples, the head 120 does not

comprise a tool engaging portion.

[0050] As shown in FIG. 6, in some examples at least one thread 150 has a thread

height 152 of 100 µ to 10,000 µ . The thread height 152 corresponds to the distance

between a minimal diameter of the thread 150 and a maximal diameter of the thread 150.

The minimal diameter of the thread 150 can be defined by the circumference of the shaft 130

at a position at which the thread 150 extends radially from the shaft 130. The maximal

diameter of the thread 150 can be defined by the thread 150 at a furthest point at which the

thread 150 extends radially from the shaft 130. As will be appreciated, the thread height 152

can vary along the orthopedic screw 100, depending for example on dimensions of the shaft



130 and the thread 150 along the orthopedic screw 100. For example, the thread height 152

can vary along the orthopedic screw 100 in accordance with loads that the orthopedic screw

100 will need to carry and/or hard tissue with which the orthopedic screw 100 will interface.

In some examples, the thread 150 has a thread height 152 of 120 µιη to 5,000 µι ι, 150 µιη to

1,000 µτη, 200 µιη to 800 µτη , 250 µιη to 600 µτη , 300 µιη to 500 µτη , or about 400 µτη . Also

in some examples, the thread 150 has a thread height 152 of 100 µιη to 500 µτη , 300 µιη to

1,000 µιη , 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0051] As shown in FIG. 5, in some examples the thread segments 170 have a thread

segment width 172, measured as an arcuate length with respect to the shaft 130, of 100 µιη to

10,000 µτη . The thread segment width 172 can be measured along the thread 150 at a furthest

point at which the thread 150 extends radially from the shaft 130. The arcuate length can be

measured with respect to a center line along a major axis of the shaft 130. As will be

appreciated, the thread segment width 172 can vary along the orthopedic screw 100,

depending for example on dimensions of the shaft 130, the thread 150, and the plurality of

grooves 160 along the orthopedic screw 100. In some examples, the thread segments 170

have a thread segment width 172 of 120 µιη to 5,000 µτη , 150 µιη to 1,000 µτη , 200 µιη to

800 µτη , 250 µιη to 600 µτη , 300 µιη to 500 µτη , or about 400 µιη . Also in some examples,

the thread segments 170 have a thread segment width 172 of 100 µιη to 500 µτη , 300 µιη to

1,000 µιη , 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0052] As shown in FIG. 5, in some examples the thread slots 180 have a thread slot

width 182, measured as an arcuate length with respect to the shaft 130, of 100 µιη to 10,000

µτη . The thread slot width 182 can be measured analogously to the thread segment width

172, along the thread 150 at a furthest point at which the thread 150 extends radially from the

shaft 130. The arcuate length can be measured with respect to a center line along a major

axis of the shaft 130. As will be appreciated, the thread slot width 182 can vary along the

orthopedic screw 100, depending for example on dimensions of the shaft 130, the thread 150,

and the plurality of grooves 160 along the orthopedic screw 100. In some examples, the

thread slots 180 have a thread slot width 182 of 120 µιη to 5,000 µτη , 150 µιη to 1,000 µτη ,

200 µιη to 800 µτη , 250 µιη to 600 µ η , 300 µιη to 500 µτη , or about 400 µιη . Also in some

examples, the thread slots 180 have a thread slot width 182 of 100 µιη to 500 µτη , 300 µιη to

1,000 µιη , 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0053] As shown in FIG. 6, in some examples the thread slots 180 have a thread slot



depth 184 of 100 µη to 10,000 µη . The thread slot depth 184 corresponds to the distance

between a minimal diameter of the thread slot 180 and a maximal diameter of the thread slot

180. As shown in FIG. 6, the minimal diameter of the thread slot 180 can be defined by the

circumference of the shaft 130 at a position that defines the thread slot 180, for thread slots

180 that extend to the shaft 130. Alternatively, with reference to FIG. 7, the minimal

diameter of the thread slot 180 can be defined by the circumference of the thread 150 at a

position that defines the thread slot 180, for thread slots 180 that do not extend to the shaft

130. The maximal diameter of the thread slot 180 can be defined by the thread 150 at a

furthest point at which the thread 150 extends radially from the shaft 130. As will be

appreciated, the thread slot depth 184 can vary along the orthopedic screw 100, depending for

example on dimensions of the shaft 130, the thread 150, and the plurality of grooves 160

along the orthopedic screw 100. For example, the thread slot depth 184 can vary along the

orthopedic screw 100 in accordance with loads that the orthopedic screw 100 will need to

carry and/or hard tissue with which the orthopedic screw 100 will interface. Also, thread slot

depth 184 may differ from thread height 152, e.g. if the thread slots 180 extend into the shaft

core 140. In some examples, the thread slots 180 have a thread slot depth 184 of 120 µ to

5,000 µιη, 150 µιη to 1,000 µιη, 200 µιη to 800 µιη, 250 µιη to 600 µιη, 300 µιη to 500 µιη,

or about 400 µ . Also in some examples, the thread slots 180 have a thread slot depth 184 of

100 µιη to 500 µιη, 300 µιη to 1,000 µιη, 500 µιη to 5,000 µιη, or 1,000 µιη to 10,000 µιη .

[0054] The orthopedic screw 100 can be made to have thread segments 170 having

edge shapes suitable for a specific orthopedic application and/or hard tissue. For example, in

some embodiments the thread segments 170 can have an edge shape at a maximal diameter of

the thread segments 170, i.e. at a furthest point at which the thread segment 170 extends

radially from the shaft 130, corresponding to an acute angle form, e.g. a sharp V-form. This

may promote initial implantation of the orthopedic screw 100 into a hard tissue. Also in

some examples the thread segments 170 can have an edge shape at a maximal diameter of the

thread segments 170 corresponding to a radiused form, e.g. a rounded form. This may avoid

irritation to hard tissue during loading. Similarly, in some embodiments the thread segments

170 can have an edge shape at a minimal diameter of the thread segments 170, i.e. at a

position at which the thread segment 170 extends radially from the shaft 130, corresponding

to an acute angle form. Also in some embodiments the thread segments 170 can have an

edge shape at a minimal diameter of the thread segments 170 corresponding to a radiused

form. Additional edge shapes, e.g. a blunt form or an irregular form, among others, may also



be used. The orthopedic screw 100 also can be made to have grooves 160 having edge

shapes suitable for a specific orthopedic application and/or hard tissue, like for the thread

segments 170.

[0055] In some examples, the orthopedic screw 100 has a plurality of leads, e.g. two,

three, or more leads. In other examples, the orthopedic screw 100 has one lead.

[0056] As noted, the orthopedic screw 100 has a plurality of grooves 160, i.e. two or

more grooves 160. In some examples, the plurality of grooves 160 comprises three or more

grooves 160, e.g. 4-6, 7-10, 11-20, 20-40, or more than 40 grooves 160.

[0057] As shown in FIGS. 3-5, in some examples the shaft 130 has a plurality of

channels 200 therealong, the plurality of channels 200 corresponding to portions 210 of the

plurality of grooves 130 that extend into, and along, the shaft 130.

[0058] As shown in FIG. 7, in some examples (including, for example, the

trochanteric screw 1001, among others) the shaft 130 further comprises a non-threaded shaft

portion 220 between the head 120 and at least one thread 150.

[0059] In some examples, the orthopedic screw 100 is self-tapping. As shown in

FIG. 1, this can be based, for example, on the orthopedic screw 100 comprising a self-

tapping feature 230. In other examples, the orthopedic screw 100 is not self-tapping.

[0060] In some examples, the orthopedic screw 100 is self-locking. This can be

based, for example, on the orthopedic screw 100 comprising a reverse thread adjacent the

head 120, for engagement with a thread adjacent a hole in an implant. In other examples, the

orthopedic screw 100 is not self-locking.

[0061] As shown in FIG. 1, in some examples, at least one thread 150 comprises a

non-grooved thread portion 240 between the tip 110 and the plurality of grooves 160 and/or

between the head 120 and the plurality of grooves 160.

[0062] The orthopedic screw 100 can be made of one or more materials and/or hard

tissues. The one or more materials and/or hard tissues can have a Young's modulus of

elasticity, i.e. a tensile modulus of elasticity, of at least 3 GPa, as measured at 21° C . Thus,

for example, the orthopedic screw 100 can be made of one or more materials such as

implantable-grade polyaryletherketone that is essentially unfilled (such as implantable-grade

polyetheretherketone or implantable-grade polyetherketoneketone), titanium, stainless steel,

cobalt-chromium alloy, titanium alloy (such as Ti-6A1-4V titanium alloy or Ti-6Al-7Nb

titanium alloy), ceramic material (such as silicon nitride (Si3N4)), or implantable-grade

composite material (such as implantable-grade polyaryletherketone with filler, implantable-



grade polyetheretherketone with filler, implantable-grade polyetheretherketone with carbon

fiber, or implantable-grade polyetheretherketone with hydroxyapatite). Specific examples

include (i) implantable-grade polyetheretherketone that is essentially unfilled, which has a

Young's modulus of approximately 4 GPa, (ii) implantable-grade polyetheretherketone with

filler, e.g. carbon-fiber-reinforced implantable-grade polyetheretherketone, which has a

Young's modulus of elasticity of at least 18 GPa, (iii) titanium, which has a Young's

modulus of elasticity of approximately 110 GPa, (iv) stainless steel, which has a Young's

modulus of elasticity of approximately 200 GPa, (v) cobalt-chromium alloy, which has a

Young's modulus of elasticity of greater than 200 GPa, or (vi) titanium alloy, which has a

Young's modulus of elasticity of approximately 105-120 GPa, all as measured at 21° C . Also

for example, the orthopedic screw 100 also can be made of one or more hard tissues such as a

hard tissue obtained from a human or animal (such as autologous hard tissue, allogenic hard

tissue, or xenogeneic hard tissue), human cartilage, animal cartilage, human bone, animal

bone, cadaver bone, or cortical allograft. Such hard tissues obtained from a human or animal

can have a Young's modulus of elasticity of, e.g. 4 to 18 GPa. Such hard tissues obtained

from a human or animal can also be treated, in advance of implantation, to decrease or

eliminate the capacity of the hard tissue to elicit an immune response in an individual upon

implantation into the individual. Also for example, the orthopedic screw 100 can be made of

one or more materials such as resin for rapid prototyping, SOMOS (R) NanoTool non

crystalline composite material, SOMOS (R) 9120 liquid photopolymer, SOMOS (R)

Watershed XC 11122 resin, ACCURA (R) XTREME (TM) White 200 plastic, ACCURA (R)

60) plastic, or similar material. Also for example, the orthopedic screw 100 can be made of

one or more materials matching mechanical properties of bone into which the screw will be

implanted, with the one or more materials including one or more of a titanium coating, a

ceramic coating, or bone-inducing cpds. Also for example, the orthopedic screw 100 can be

made of further combinations of the above-noted materials and/or hard tissues.

[0063] As noted, the one or more materials and/or hard tissues of which the

orthopedic implant 100 is made can have a Young's modulus of elasticity of at least 3 GPa.

Accordingly, the orthopedic screw 100 also can have a Young's modulus of elasticity of at

least 3 GPa, for example 18 to 230 GPa, 18 to 25 GPa, 100 to 110 GPa, 190 to 210 GPa, 200

to 230 GPa, 105 to 120 GPa, or 4 to 18 GPa.

[0064] The orthopedic screw 100 can be made by methods such as laser cutting,

injection molding, 3D printing, and other fabrication methods that are known in the art. In



some examples, e.g. for an orthopedic screw 100 made by laser cutting, the thread 150 can be

interrupted by grooves 160 according to a regular pattern, such that the thread segments 170

are distributed along the shaft 130 also according to a regular pattern. Also in some

examples, e.g. for an orthopedic screw 100 made by 3D printing, the thread 150 can be

interrupted by grooves 160 not according to a regular pattern, e.g. randomly, such that the

thread segments 170 are distributed along the shaft 130 also not according to a regular

pattern, e.g. randomly.

[0065] In some examples additional hard tissue can be added to the thread 150 and/or

the grooves 160 of the orthopedic screw 100 prior to implanting. For example, shavings of

hard tissue of a patient, generated during preparation work including sawing or drilling of

hard tissue of the patient, can be added. This may promote growth of tissue into the grooves

160 of the orthopedic screw 100 following implantation.

[0066] Also in some examples additional compositions can be added to the thread 150

and/or the grooves 160 of the orthopedic screw 100 prior to implanting. Such compositions

include, for example, blood, one or more antibiotics, one or more osteogenic compounds,

bone marrow aspirate, and/or surface chemistry for inducing early bone ingrowth. For

example, the thread 150 and/or the grooves 160 can be coated with one or more such

compositions, with the thread 150 and/or the grooves 160 retaining the compositions during

implantation. This also may promote growth of tissue into the grooves 160 of the orthopedic

screw 100 following implantation.

[0067] With reference to FIGS. 7-11, the trochanteric screw 1001 exemplifies an

orthopedic screw 100 in which (1) the head 120 comprises a tool engaging portion 190 for

rotationally driving the orthopedic screw 100, (2) the plurality of grooves 160 comprises

three or more grooves 160, and (3) the shaft 130 further comprises a non-threaded shaft

portion 220 between the head 120 and at least one thread 150.

Methods of Using Orthopedic Screws

[0068] A method of use of the orthopedic screw 100 for fixation of a hard tissue in an

individual in need thereof also is disclosed. The orthopedic screw 100 is as described above,

including each of the examples as described above.

[0069] The method comprises a step of rotationally driving the orthopedic screw 100

into the hard tissue of the individual.

[0070] In some examples, the method further comprises, before the step of

rotationally driving the orthopedic screw 100, a step of drilling a pilot hole in the hard tissue

for the orthopedic screw 100. In accordance with these examples, the orthopedic screw 100



can then be rotationally driven into the pilot hole, for fixation of the hard tissue.

[0071] In some embodiments of these examples, the method further comprises,

between the step of drilling the pilot hole and the step of rotationally driving the orthopedic

screw 100, a step of tapping the pilot hole with a tapping device. In accordance with these

embodiments, the orthopedic screw 100 can then be rotationally driven into the tapped pilot

hole, for fixation of the hard tissue.

[0072] In some examples, the fixation comprises a lag screw technique for applying

inter-fragmentary compression within the hard tissue.

[0073] In some examples, the fixation comprises a positioning screw technique for

holding the hard tissue in a position with respect to another hard tissue.

[0074] In some examples, the fixation comprises attaching an implant to the hard

tissue.

[0075] In some examples the method further comprises, before the step of rotationally

driving the orthopedic screw 100, a step of adding additional hard tissue to the thread 150

and/or the grooves 160 of the orthopedic screw 100. Again, for example, shavings of hard

tissue of a patient, generated during preparation work including sawing or drilling of hard

tissue of the patient, can be added.

[0076] Also in some examples the method further comprises, before the step of

rotationally driving the orthopedic screw 100, a step of adding additional compositions to the

thread 150 and/or the grooves 160 of the orthopedic screw 100 prior to implanting. Again,

such compositions can include, for example, blood, one or more antibiotics, one or more

osteogenic compounds, bone marrow aspirate, and/or surface chemistry for inducing early

bone ingrowth. For example, the step of adding additional compositions can include coating

the thread 150 and/or the grooves 160 with one or more such compositions, with the thread

150 and/or the grooves 160 retaining the compositions during implantation.

[0077] In some examples, the individual comprises a person having bone with a low

bone mass and/or a deteriorated bone structure, due to one or more of age-related

osteoporosis, idiopathic primary osteoporosis, secondary osteoporosis, or a neoplastic

condition of the musculoskeletal system.

[0078] Exemplary hard tissues suitable for this method include bone, cartilage,

calcified cartilage, non-calcified cartilage, and tissue that has become mineralized.

Exemplary hard tissues also include long bone, maxillary bone, mandibular bone, and

membranous bone. Exemplary hard tissues also include tibia, femur, shoulder, small joints,

skull, and metatarsal. Exemplary hard tissues also include spine. Exemplary hard tissues



also include bones of the foot/ankle in addition to metatarsal, including talus, navicular,

cuneiform bones, and phalanges.

Cannulated Orthopedic Screws

[0079] As shown in FIG. 12, also disclosed is a cannulated orthopedic screw 300.

FIGS. 13-19 provide illustrations of an example cannulated orthopedic screw 300

corresponding to a cannulated trochanteric screw 3001.

[0080] As shown in FIGS. 12-19, the cannulated orthopedic screw 300 includes a tip

110 having a tip opening 310, a head 120 having a head opening 320, and a shaft 130

extending between the tip 110 and the head 120. The shaft 130 comprises a shaft core 140

and at least one thread 150. The at least one thread 150 is disposed helically along the shaft

130, extends radially from the shaft 130, and has a plurality of grooves 160 oriented

transversely with respect to the at least one thread 150. The plurality of grooves 160 define a

series of thread segments 170 and thread slots 180 along the at least one thread 150. The

shaft core 140 is hollow from the tip 110 to the head 120 and defines a lumen 330 extending

from the tip opening 310 to the head opening 320.

[0081] The tip opening 310, the head opening 320, and the lumen 330 allow the

cannulated orthopedic screw 300 to be introduced to a hard tissue of an individual in need

thereof over a guide wire or a guide pin because the shaft 130 is hollow from the tip 110 to

the head 120.

[0082] The cannulated orthopedic screw 300 is otherwise like the orthopedic screw

100 as described above.

[0083] Thus, in some examples the cannulated orthopedic screw 300 is tapered from

the shaft 130 to the tip 110, whereas in other examples the cannulated orthopedic screw 300

is not so tapered.

[0084] In some examples (including, for example, the cannulated trochanteric screw

3001, among others) the head 120 comprises a tool engaging portion 190 for rotationally

driving the cannulated orthopedic screw 300. In other examples, the head 120 does not

comprise a tool engaging portion.

[0085] In some examples at least one thread 150 has a thread height 152 of 100 µ to

10,000 µιη, e.g. 120 µιη to 5,000 µιη, 150 µιη to 1,000 µιη, 200 µιη to 800 µιη, 250 µιη to

600 µπι, 300 µ to 500 µπι, or about 400 µπι, or e.g. 100 µ to 500 µπι, 300 µ to 1,000

µιη, 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0086] In some examples, the thread segments 170 have a thread segment width 172



of 100 µιη to 10,000 µιη , e.g. 120 µιη to 5,000 µιη , 150 µιη to 1,000 µιη , 200 µιη to 800 µιη ,

250 µηι to 600 µτη , 300 µηι to 500 µηι , or about 400 µ , or e.g. 100 µιη to 500 µ , 300 µιη

to 1,000 µιη , 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0087] In some examples, the thread slots 180 have a thread slot width 182, measured

as an arcuate length with respect to the shaft 130, of 100 µιη to 10,000 µιτι, e.g. 120 µιη to

5,000 µιη , 150 µιη to 1,000 µιη , 200 µιη to 800 µιη , 250 µιη to 600 µιη , 300 µιη to 500 µιη ,

or about 400 µιτι, or e.g. 100 µιη to 500 µιτι, 300 µιη to 1,000 µιτι, 500 µιη to 5,000 µιτι, or

1,000 µιη ΐ ο 10,000 µιη .

[0088] In some examples, the thread slots 180 have a thread slot depth 184 of 100 µιη

to 10,000 µιη , e.g. 120 µιη to 5,000 µιη , 150 µιη to 1,000 µιη , 200 µιη to 800 µιη , 250 µιη to

600 µιη , 300 µιη to 500 µιτι, or about 400 µιτι, or e.g. 100 µιη to 500 µιτι, 300 µιη to 1,000

µιη , 500 µιη to 5,000 µιη , or 1,000 µιη to 10,000 µιη .

[0089] In some examples, the cannulated orthopedic screw 300 has a plurality of

leads, e.g. two, three, or more leads. In other examples, the cannulated orthopedic screw 300

has one lead.

[0090] In some examples, the plurality of grooves 160 comprises three or more

grooves 160, e.g. 4-6, 7-10, 11-20, 20-40, or more than 40 grooves 160.

[0091] In some examples the shaft 130 has a plurality of channels 200 therealong, the

plurality of channels 200 corresponding to portions 210 of the plurality of grooves 130 that

extend into, and along, the shaft 130.

[0092] In some examples (including, for example, the cannulated trochanteric screw

3001, among others) the shaft 130 further comprises a non-threaded shaft portion 220

between the head 120 and at least one thread 150.

[0093] In some examples, the cannulated orthopedic screw 300 is self-tapping, e.g.

based on comprising a self-tapping feature 230. In other examples, the cannulated orthopedic

screw 300 is not self-tapping.

[0094] In some examples, the cannulated orthopedic screw 300 is self-locking, e.g.

based on comprising a reverse thread adjacent the head 120. In other examples, the

cannulated orthopedic screw 300 is not self-locking.

[0095] In some examples, at least one thread 150 comprises a non-grooved thread

portion 240 between the tip 110 and the plurality of grooves 160 and/or between the head 120

and the plurality of grooves 160.



[0096] The cannulated orthopedic screw 300 can be made of one or more of the

materials and/or hard tissues noted above with respect to the orthopedic screw 100. The

cannulated orthopedic screw 300 also can have a Young's modulus of elasticity of at least 3

GPa, for example 18 to 230 GPa, 18 to 25 GPa, 100 to 110 GPa, 190 to 210 GPa, 200 to 230

GPa, 105 to 120 GPa, or 4 to 18 GPa.

[0097] The cannulated orthopedic screw 300 also can be made by methods such as

laser cutting, injection molding, 3D printing, and other fabrication methods that are known in

the art. In some examples, the thread 150 can be interrupted by grooves 160 according to a

regular pattern, such that the thread segments 170 are distributed along the shaft 130 also

according to a regular pattern. Also in some examples, the thread 150 can be interrupted by

grooves 160 not according to a regular pattern, e.g. randomly, such that the thread segments

170 are distributed along the shaft 130 also not according to a regular pattern, e.g. randomly.

[0098] In some examples, additional hard tissue also can be added to the thread 150

and/or the grooves 160 of the cannulated orthopedic screw 300 prior to implanting.

[0099] Also in some examples additional compositions also can be added to the

thread 150 and/or the grooves 160 of the cannulated orthopedic screw 300 prior to

implanting.

Methods of Using Cannulated Orthopedic Screws

[00100] A method of use of the cannulated orthopedic screw 300 for fixation of

a hard tissue in an individual in need thereof also is disclosed. The cannulated orthopedic

screw 300 is as described above, including each of the examples as described above.

[00101] The method comprises a step of rotationally driving the cannulated

orthopedic screw 300 into the hard tissue of the individual.

[00102] In some examples, the method further comprises, before the step of

rotationally driving the cannulated orthopedic screw 300, a step of drilling a pilot hole in the

hard tissue for the cannulated orthopedic screw 300. In accordance with these examples, the

cannulated orthopedic screw 300 can then be rotationally driven into the pilot hole, for

fixation of the hard tissue.

[00103] In some embodiments of these examples, the method further

comprises, between the step of drilling the pilot hole and the step of rotationally driving the

cannulated orthopedic screw 300, a step of inserting a guide wire or a guide pin into the hard

tissue, and a step of introducing the cannulated orthopedic screw 300 to the hard tissue over

the guide wire or the guide pin. In accordance with these embodiments, the cannulated

orthopedic screw 300 can then be rotationally driven, for fixation of the hard tissue.



[00104] In other examples, specific to spine, the method further comprises,

before the step of rotationally driving the cannulated orthopedic screw 300, a step of inserting

a guide wire or a guide pin into a hard tissue, e.g. a vertebral body, under direct visualization

or percutaneously, and a step of tapping over the guide wire or the guide pin. The method

can be carried out, for example, as follows: (1) targeting the pedicle percutaneously, for

example via fluoroscopic imagining or using a navigation system; (2) inserting a bone biopsy

needle, for example a JAMSHIDI (TM) bone biopsy needle, into the pedicle of the target

vertebral level; (3) inserting a guide wire into the vertebral body using the bone biopsy

needles as a guide; (4) removing the bone biopsy needle, leaving the guide wire; (5) dilating

to provide a channel from the skin to the surface of the bone; (6) tapping to the desired size

over the guide wire (and optionally drilling); and (7) inserting the screw over the guide wire

into the vertebral body.

[00105] In some examples, the fixation comprises a lag screw technique for

applying inter-fragmentary compression within the hard tissue.

[00106] In some examples, the fixation comprises a positioning screw

technique for holding the hard tissue in a position with respect to another hard tissue.

[00107] In some examples, the fixation comprises attaching an implant to the

hard tissue.

[00108] In some examples the method further comprises, before the step of

rotationally driving the cannulated orthopedic screw 300, a step of adding additional hard

tissue to the thread 150 and/or the grooves 160 of the cannulated orthopedic screw 300.

[00109] Also in some examples the method further comprises, before the step

of rotationally driving the cannulated orthopedic screw 300, a step of adding additional

compositions to the thread 150 and/or the grooves 160 of the cannulated orthopedic screw

300 prior to implanting.

[00110] In some examples, the individual comprises a person having bone with

a low bone mass and/or a deteriorated bone structure, due to one or more of age-related

osteoporosis, idiopathic primary osteoporosis, secondary osteoporosis, or a neoplastic

condition of the musculoskeletal system.

[00111] Exemplary hard tissues suitable for this method include bone,

cartilage, calcified cartilage, non-calcified cartilage, and tissue that has become mineralized.

Exemplary hard tissues also include long bone, maxillary bone, mandibular bone, and

membranous bone. Exemplary hard tissues also include tibia, femur, shoulder, small joints,

skull, and metatarsal. Exemplary hard tissues also include spine. Exemplary hard tissues



also include bones of the foot/ankle in addition to metatarsal, including talus, navicular,

cuneiform bones, and phalanges.

Exemplary Embodiments

[00112] The following are exemplary embodiments of the hard-tissue stem

implant, the method of making the hard-tissue stem implant, and the method of use of the

hard-tissue stem implant as disclosed herein.

[00113] Embodiment A : An orthopedic screw comprising:

(a) a tip;

(b) a head; and

(c) a shaft extending between the tip and the head,

wherein:

(i) the shaft comprises a shaft core and at least one thread;

(ii) the at least one thread is disposed helically along the shaft, extends radially from

the shaft, and has a plurality of grooves oriented transversely with respect to the at least one

thread;

(iii) the plurality of grooves define a series of thread segments and thread slots along

the at least one thread; and

(iv) the shaft core is solid from the tip to the head.

[00114] Embodiment B : The orthopedic screw of embodiment A, wherein the

orthopedic screw is tapered from the shaft to the tip.

[00115] Embodiment C : The orthopedic screw of embodiment A or

embodiment B, wherein the head comprises a tool engaging portion for rotationally driving

the orthopedic screw.

[00116] Embodiment D : The orthopedic screw of any one of embodiments A-

C, wherein the at least one thread has a thread height of 100 µ to 10,000 µ .

[00117] Embodiment E : The orthopedic screw of any one of embodiments A-

D, wherein the thread segments have a thread segment width, measured as an arcuate length

with respect to the shaft, of 100 µ to 10,000 µ .

[00118] Embodiment F : The orthopedic screw of any one of embodiments A-

E, wherein the thread slots have a thread slot width, measured as an arcuate length with

respect to the shaft, of 100 µ to 10,000 µ .

[00119] Embodiment G : The orthopedic screw of any one of embodiments A-

F, wherein the thread slots have a thread slot depth of 100 µ to 10,000 µ



[00120] Embodiment H : The orthopedic screw of any one of embodiments A-

G, wherein the orthopedic screw has a plurality of leads.

[00121] Embodiment I : The orthopedic screw of any one of embodiments A-

H, wherein the plurality of grooves comprises three or more grooves.

[00122] Embodiment J : The orthopedic screw of any one of embodiments A-I,

wherein the shaft has a plurality of channels therealong, the plurality of channels

corresponding to portions of the plurality of grooves that extend into, and along, the shaft.

[00123] Embodiment K : The orthopedic screw of any one of embodiments A-

J, wherein the shaft further comprises a non-threaded shaft portion between the head and the

at least one thread.

[00124] Embodiment L : The orthopedic screw of any one of embodiments A-

K, wherein the orthopedic screw is self-tapping.

[00125] Embodiment M : The orthopedic screw of any one of embodiments A-

L, wherein the orthopedic screw is self-locking.

[00126] Embodiment N : The orthopedic screw of any one of embodiments A-

M, wherein the at least one thread comprises a non-grooved thread portion between the tip

and the plurality of grooves and/or between the head and the plurality of grooves.

[00127] Embodiment O : The orthopedic screw of any one of embodiments A-

N, wherein the orthopedic screw is made of one or more materials selected from implantable-

grade polyaryletherketone that is essentially unfilled, implantable-grade

polyetheretherketone, implantable-grade polyetherketoneketone, titanium, stainless steel,

cobalt-chromium alloy, titanium alloy, Ti-6A1-4V titanium alloy, Ti-6Al-7Nb titanium alloy,

ceramic material, silicon nitride (Si3N4), implantable-grade composite material, implantable-

grade polyaryletherketone with filler, implantable-grade polyetheretherketone with filler,

implantable-grade polyetheretherketone with carbon fiber, or implantable-grade

polyetheretherketone with hydroxyapatite.

[00128] Embodiment P : The orthopedic screw of any one of embodiments A-

N, wherein the orthopedic screw is made of one or more materials selected from resin for

rapid prototyping, SOMOS (R) NanoTool non-crystalline composite material, SOMOS (R)

9120 liquid photopolymer, SOMOS (R) Watershed XC 11122 resin, ACCURA (R)

XTREME (TM) White 200 plastic, ACCURA (R) 60) plastic, or similar material.

[00129] Embodiment Q : The orthopedic screw of any one of embodiments A-

N, wherein the orthopedic screw is made of one or more materials matching mechanical

properties of bone into which the screw will be implanted, with the one or more materials



including one or more of a titanium coating, a ceramic coating, or bone-inducing cpds.

[00130] Embodiment R : A method of use of the orthopedic screw of any one

of embodiments A-Q for fixation of a hard tissue in an individual in need thereof, the method

comprising a step of rotationally driving the orthopedic screw into the hard tissue of the

individual.

[00131] Embodiment s : The method of embodiment R, the method further

comprising, before the step of rotationally driving the orthopedic screw, a step of drilling a

pilot hole in the hard tissue for the orthopedic screw.

[00132] Embodiment T: The method of embodiment S, the method further

comprising, between the step of drilling the pilot hole and the step of rotationally driving the

orthopedic screw, a step of tapping the pilot hole with a tapping device.

[00133] Embodiment U : The method of any one of embodiments R-T, wherein

the fixation comprises a lag screw technique for applying inter-fragmentary compression

within the hard tissue.

[00134] Embodiment V: The method of any one of embodiments R-T, wherein

the fixation comprises a positioning screw technique for holding the hard tissue in a position

with respect to another hard tissue.

[00135] Embodiment W : The method of any one of embodiments R-T,

wherein the fixation comprises attaching an implant to the hard tissue.

[00136] Embodiment X : The method of any one of embodiments R-W,

wherein the individual comprises a person having bone with a low bone mass and/or a

deteriorated bone structure due to one or more of age-related osteoporosis, idiopathic primary

osteoporosis, secondary osteoporosis, or a neoplastic condition of the musculoskeletal

system.

[00137] Embodiment AA: A cannulated orthopedic screw comprising:

(a) a tip having a tip opening;

(b) a head having a head opening; and

(c) a shaft extending between the tip and the head; and

wherein:

(i) the shaft comprises a shaft core and at least one thread;

(ii) the at least one thread is disposed helically along the shaft, extends radially from

the shaft, and has a plurality of grooves oriented transversely with respect to the at least one

thread;

(iii) the plurality of grooves define a series of thread segments and thread slots along



the at least one thread; and

(iv) the shaft core is hollow from the tip to the head and defines a lumen extending

from the tip opening to the head opening.

[00138] Embodiment BB: The cannulated orthopedic screw of embodiment

AA, wherein the cannulated orthopedic screw is tapered from the shaft to the tip.

[00139] Embodiment CC: The cannulated orthopedic screw of embodiment

AA or embodiment BB, wherein the head comprises a tool engaging portion for rotationally

driving the cannulated orthopedic screw.

[00140] Embodiment DD: The cannulated orthopedic screw of any one of

embodiments AA-CC, wherein the at least one thread has a thread height of 100 µ to

10,000 µιη .

[00141] Embodiment EE: The cannulated orthopedic screw of any one of

embodiments AA-DD, wherein the thread segments have a thread segment width, measured

as an arcuate length with respect to the shaft, of 100 µ to 10,000 µ .

[00142] Embodiment FF: The cannulated orthopedic screw of any one of

embodiments AA-EE, wherein the thread slots have a thread slot width, measured as an

arcuate length with respect to the shaft, of 100 µ to 10,000 µ .

[00143] Embodiment GG: The cannulated orthopedic screw of any one of

embodiments AA-FF, wherein the thread slots have a thread slot depth of 100 µ to 10,000

µ

[00144] Embodiment HH: The cannulated orthopedic screw of any one of

embodiments AA-GG, wherein the cannulated orthopedic screw has a plurality of leads.

[00145] Embodiment II: The cannulated orthopedic screw of any one of

embodiments AA-HH, wherein the plurality of grooves comprises three or more grooves.

[00146] Embodiment JJ: The cannulated orthopedic screw of any one of

embodiments AA-II, wherein the shaft has a plurality of channels therealong, the plurality of

channels corresponding to portions of the plurality of grooves that extend into, and along, the

shaft.

[00147] Embodiment KK: The cannulated orthopedic screw of any one of

embodiments AA-JJ, wherein the shaft further comprises a non-threaded shaft portion

between the head and the at least one thread.

[00148] Embodiment LL: The cannulated orthopedic screw of any one of

embodiments AA-KK, wherein the cannulated orthopedic screw is self-tapping.



[00149] Embodiment MM: The cannulated orthopedic screw of any one of

embodiments AA-LL, wherein the cannulated orthopedic screw is self-locking.

[00150] Embodiment NN: The cannulated orthopedic screw of any one of

embodiments AA-MM, wherein the at least one thread comprises a non-grooved thread

portion between the tip and the plurality of grooves and/or between the head and the plurality

of grooves.

[00151] Embodiment OO: The cannulated orthopedic screw of any one of

embodiments AA-NN, wherein the cannulated orthopedic screw is made of one or more

materials selected from implantable-grade polyaryletherketone that is essentially unfilled,

implantable-grade polyetheretherketone, implantable-grade polyetherketoneketone, titanium,

stainless steel, cobalt-chromium alloy, titanium alloy, Ti-6A1-4V titanium alloy, Ti-6Al-7Nb

titanium alloy, ceramic material, silicon nitride (Si3N4), implantable-grade composite

material, implantable-grade polyaryletherketone with filler, implantable-grade

polyetheretherketone with filler, implantable-grade polyetheretherketone with carbon fiber, or

implantable-grade polyetheretherketone with hydroxyapatite.

[00152] Embodiment PP: The cannulated orthopedic screw of any one of

embodiments AA-NN, wherein the cannulated orthopedic screw is made of one or more

materials selected from resin for rapid prototyping, SOMOS (R) NanoTool non-crystalline

composite material, SOMOS (R) 9120 liquid photopolymer, SOMOS (R) Watershed XC

11122 resin, ACCURA (R) XTREME (TM) White 200 plastic, ACCURA (R) 60) plastic or

similar material.

[00153] Embodiment QQ: The cannulated orthopedic screw of any one of

embodiments AA-NN, wherein the cannulated orthopedic screw is made of one or more

materials matching mechanical properties of bone into which the screw will be implanted,

with the one or more materials including one or more of a titanium coating, a ceramic

coating, or bone-inducing cpds.

[00154] Embodiment RR: A method of use of the cannulated orthopedic screw

of any one of embodiments AA-QQ for fixation of a hard tissue in an individual in need

thereof, the method comprising a step of rotationally driving the cannulated orthopedic screw

into the hard tissue of the individual.

[00155] Embodiment SS: The method of embodiment RR, the method further

comprising, before the step of rotationally driving the cannulated orthopedic screw, a step of

drilling a pilot hole in the hard tissue for the cannulated orthopedic screw.

[00156] Embodiment TT: The method of embodiment SS, the method further



comprising, between the step of drilling the pilot hole and the step of rotationally driving the

cannulated orthopedic screw, a step of inserting a guide wire or a guide pin into the hard

tissue, and a step of introducing the cannulated orthopedic screw to the hard tissue over the

guide wire or the guide pin.

[00157] Embodiment UU: The method of any one of embodiments RR-TT,

wherein the fixation comprises a lag screw technique for applying inter-fragmentary

compression within the hard tissue.

[00158] Embodiment VV: The method of any one of embodiments RR-TT,

wherein the fixation comprises a positioning screw technique for holding the hard tissue in a

position with respect to another hard tissue.

[00159] Embodiment WW: The method of any one of embodiments RR-TT,

wherein the fixation comprises attaching an implant to the hard tissue.

[00160] Embodiment XX: The method of any one of embodiments RR-WW,

wherein the individual comprises a person having bone with a low bone mass and/or a

deteriorated bone structure due to one or more of age-related osteoporosis, idiopathic primary

osteoporosis, secondary osteoporosis, or a neoplastic condition of the musculoskeletal

system.

[00161] It will be apparent to those skilled in the art that various modifications

and variations can be made without departing from the spirit and scope of the claimed

invention.



CLAIMS

What is claimed is:

1 . An orthopedic screw comprising:

(a) a tip;

(b) a head; and

(c) a shaft extending between the tip and the head,

wherein:

(i) the shaft comprises a shaft core and at least one thread;

(ii) the at least one thread is disposed helically along the shaft, extends radially from

the shaft, and has a plurality of grooves oriented transversely with respect to the at least one

thread;

(iii) the plurality of grooves define a series of thread segments and thread slots along

the at least one thread; and

(iv) the shaft core is solid from the tip to the head.

2 . The orthopedic screw of claim 1, wherein the orthopedic screw is tapered from the

shaft to the tip.

3 . The orthopedic screw of claim 1, wherein the head comprises a tool engaging portion

for rotationally driving the orthopedic screw.

4 . The orthopedic screw of claim 1, wherein the at least one thread has a thread height of

100 µιη ΐο 10,000 µιη .

5 . The orthopedic screw of claim 1, wherein the thread segments have a thread segment

width, measured as an arcuate length with respect to the shaft, of 100 µ to 10,000 µ .

6 . The orthopedic screw of claim 1, wherein the thread slots have a thread slot width,

measured as an arcuate length with respect to the shaft, of 100 µ to 10,000 µ .

7 . The orthopedic screw of claim 1, wherein the thread slots have a thread slot depth of

100 µιη ΐο 10,000 µιη



8 . The orthopedic screw of claim 1, wherein the orthopedic screw has a plurality of

leads.

9 . The orthopedic screw of claim 1, wherein the plurality of grooves comprises three or

more grooves.

10. The orthopedic screw of claim 1, wherein the shaft has a plurality of channels

therealong, the plurality of channels corresponding to portions of the plurality of grooves that

extend into, and along, the shaft.

11. The orthopedic screw of claim 1, wherein the shaft further comprises a non-threaded

shaft portion between the head and the at least one thread.

12. The orthopedic screw of claim 1, wherein the orthopedic screw is self-tapping.

13. The orthopedic screw of claim 1, wherein the orthopedic screw is self-locking.

14. The orthopedic screw of claim 1, wherein the at least one thread comprises a non-

grooved thread portion between the tip and the plurality of grooves and/or between the head

and the plurality of grooves.

15. The orthopedic screw of claim 1, wherein the orthopedic screw is made of one or

more materials selected from implantable-grade polyaryletherketone that is essentially

unfilled, implantable-grade polyetheretherketone, implantable-grade polyetherketoneketone,

titanium, stainless steel, cobalt-chromium alloy, titanium alloy, Ti-6A1-4V titanium alloy, Ti-

6Al-7Nb titanium alloy, ceramic material, silicon nitride (Si3N4), implantable-grade

composite material, implantable-grade polyaryletherketone with filler, implantable-grade

polyetheretherketone with filler, implantable-grade polyetheretherketone with carbon fiber, or

implantable-grade polyetheretherketone with hydroxyapatite.

16. The orthopedic screw of claim 1, wherein the orthopedic screw is made of one or

more materials selected from resin for rapid prototyping, SOMOS (R) NanoTool non

crystalline composite material, SOMOS (R) 9120 liquid photopolymer, SOMOS (R)



Watershed XC 11122 resin, ACCURA (R) XTREME (TM) White 200 plastic, ACCURA (R)

60) plastic, or similar material.

17. The orthopedic screw of claim 1, wherein the orthopedic screw is made of one or

more materials matching mechanical properties of bone into which the screw will be

implanted, with the one or more materials including one or more of a titanium coating, a

ceramic coating, or bone-inducing cpds.

18. A method of use of the orthopedic screw of claim 1 for fixation of a hard tissue in an

individual in need thereof, the method comprising a step of rotationally driving the

orthopedic screw into the hard tissue of the individual.

19. The method of claim 18, the method further comprising, before the step of

rotationally driving the orthopedic screw, a step of drilling a pilot hole in the hard tissue for

the orthopedic screw.

20. The method of claim 19, the method further comprising, between the step of drilling

the pilot hole and the step of rotationally driving the orthopedic screw, a step of tapping the

pilot hole with a tapping device.

21. The method of claim 18, wherein the fixation comprises a lag screw technique for

applying inter-fragmentary compression within the hard tissue.

22. The method of claim 18, wherein the fixation comprises a positioning screw

technique for holding the hard tissue in a position with respect to another hard tissue.

23. The method of claim 18, wherein the fixation comprises attaching an implant to the

hard tissue.

24. The method of claim 18, wherein the individual comprises a person having bone with

a low bone mass and/or a deteriorated bone structure due to one or more of age-related

osteoporosis, idiopathic primary osteoporosis, secondary osteoporosis, or a neoplastic

condition of the musculoskeletal system.



25. A cannulated orthopedic screw comprising:

(a) a tip having a tip opening;

(b) a head having a head opening; and

(c) a shaft extending between the tip and the head; and

wherein:

(i) the shaft comprises a shaft core and at least one thread;

(ii) the at least one thread is disposed helically along the shaft, extends radially from

the shaft, and has a plurality of grooves oriented transversely with respect to the at least one

thread;

(iii) the plurality of grooves define a series of thread segments and thread slots along

the at least one thread; and

(iv) the shaft core is hollow from the tip to the head and defines a lumen extending

from the tip opening to the head opening.

26. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is tapered from the shaft to the tip.

27. The cannulated orthopedic screw of claim 25, wherein the head comprises a tool

engaging portion for rotationally driving the cannulated orthopedic screw.

28. The cannulated orthopedic screw of claim 25, wherein the at least one thread has a

thread height of 100 µ to 10,000 µ .

29. The cannulated orthopedic screw of claim 25, wherein the thread segments have a

thread segment width, measured as an arcuate length with respect to the shaft, of 100 µ to

10,000 µιη .

30. The cannulated orthopedic screw of claim 25, wherein the thread slots have a thread

slot width, measured as an arcuate length with respect to the shaft, of 100 µ to 10,000 µ .

31. The cannulated orthopedic screw of claim 25, wherein the thread slots have a thread

slot depth of 100 µιη to 10,000 µιη



32. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw has a plurality of leads.

33. The cannulated orthopedic screw of claim 25, wherein the plurality of grooves

comprises three or more grooves.

34. The cannulated orthopedic screw of claim 25, wherein the shaft has a plurality of

channels therealong, the plurality of channels corresponding to portions of the plurality of

grooves that extend into, and along, the shaft.

35. The cannulated orthopedic screw of claim 25, wherein the shaft further comprises a

non-threaded shaft portion between the head and the at least one thread.

36. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is self-tapping.

37. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is self-locking.

38. The cannulated orthopedic screw of claim 25, wherein the at least one thread

comprises a non-grooved thread portion between the tip and the plurality of grooves and/or

between the head and the plurality of grooves.

39. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is made of one or more materials selected from implantable-grade polyaryletherketone

that is essentially unfilled, implantable-grade polyetheretherketone, implantable-grade

polyetherketoneketone, titanium, stainless steel, cobalt-chromium alloy, titanium alloy, Ti-

6A1-4V titanium alloy, Ti-6Al-7Nb titanium alloy, ceramic material, silicon nitride (Si3N4),

implantable-grade composite material, implantable-grade polyaryletherketone with filler,

implantable-grade polyetheretherketone with filler, implantable-grade polyetheretherketone

with carbon fiber, or implantable-grade polyetheretherketone with hydroxyapatite.

40. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is made of one or more materials selected from resin for rapid prototyping, SOMOS



(R) NanoTool non-crystalline composite material, SOMOS (R) 9120 liquid photopolymer,

SOMOS (R) Watershed XC 11122 resin, ACCURA (R) XTREME (TM) White 200 plastic,

ACCURA (R) 60) plastic, or similar material.

4 1. The cannulated orthopedic screw of claim 25, wherein the cannulated orthopedic

screw is made of one or more materials matching mechanical properties of bone into which

the screw will be implanted, with the one or more materials including one or more of a

titanium coating, a ceramic coating, or bone-inducing cpds.

42. A method of use of the cannulated orthopedic screw of claim 25 for fixation of a hard

tissue in an individual in need thereof, the method comprising a step of rotationally driving

the cannulated orthopedic screw into the hard tissue of the individual.

43. The method of claim 42, the method further comprising, before the step of

rotationally driving the cannulated orthopedic screw, a step of drilling a pilot hole in the hard

tissue for the cannulated orthopedic screw.

44. The method of claim 43, the method further comprising, between the step of drilling

the pilot hole and the step of rotationally driving the cannulated orthopedic screw, a step of

inserting a guide wire or a guide pin into the hard tissue, and a step of introducing the

cannulated orthopedic screw to the hard tissue over the guide wire or the guide pin.

45. The method of claim 42, wherein the fixation comprises a lag screw technique for

applying inter-fragmentary compression within the hard tissue.

46. The method of claim 42, wherein the fixation comprises a positioning screw

technique for holding the hard tissue in a position with respect to another hard tissue.

47. The method of claim 42, wherein the fixation comprises attaching an implant to the

hard tissue.

48. The method of claim 42, wherein the individual comprises a person having bone with

a low bone mass and/or a deteriorated bone structure due to one or more of age-related



osteoporosis, idiopathic primary osteoporosis, secondary osteoporosis, or a neoplastic

condition of the musculoskeletal system.
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