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Field Of The Invention

The present invention relates to screws for

generating, applying and maintaining compression to a

site in a human or animal body in order to effect

healing of diseased or damaged tissue. The invention

finds particular utility in the field of orthopedics



and specifically for generating and maintaining

compression between bone fragments. While the

invention has application throughout the body, its

utility will be illustrated herein in the context of

the repair of injured bone tissue, such as the

scaphoid of the wrist, the diaphysis of the fifth

metatarsal, the proximal interphalangeal joint of the

second, third, fourth, or fifth toe, the pelvis and

the femoral head.

Background Of The Invention

In the field of orthopedic surgery, it is common

to rejoin broken bones. The success of the bone

rejoinder procedure often depends on the successful

re-approximation of the bone fragments and on the

amount of compression achieved between the bone

fragments. If the surgeon is unable to bring the bone

fragments into close proximity, a gap will exist

between the bone fragments and the bone tissue will

need to fill that gap before complete healing can take

place. Furthermore, gaps between bone fragments that

are too large allow motion to occur between the bone

fragments, disrupting the healing tissue and thus

slowing the healing process. Optimal healing requires

that bone fragments be in close contact with each

other, and for a compressive load to be applied and

maintained between the bone fragments. Compressive

strain between bone fragments has been found to



accelerate the healing process in accordance with

Wolf's Law.

Broken bones can be rejoined using screws,

staples, plates, pins, intramedullary devices, and

other devices known in the art. These devices are

designed to assist the surgeon with reducing the

fracture and with creating a compressive load between

the bone fragments. Screws are typically manufactured

from either titanium or stainless steel alloys and may

be lag screws or headless screws. Lag screws have a

distal threaded region and an enlarged head. The head

contacts the cortical bone surface and the threaded

region reduces the fracture and generates a

compressive load. Headless screws typically have a

threaded proximal region and a threaded distal region.

A differential in thread pitch between the two regions

generates compression across the fracture site. There

also exist fully threaded headless compression screws

that have a thread pitch differential over the length

of the thread.

While the aforementioned fracture fixation

devices are designed to bring the bone fragments into

close proximity and to generate a compressive load

between the bone fragments, these fracture fixation

devices do not always succeed in accomplishing this

objective. Among other things, the distal thread and

proximal head on lag screws, and the differential

pitch on headless bone screws, are generally able to



reduce gaps between bone fragments and to create

initial compressive loads across the fracture line;

however, it is widely reported that this initial

compressive load dissipates rapidly as the bone

relaxes and remodels around the screw threads. As a

result, the compressive load is not maintained for the

full duration of the healing process.

Thus there exists a clinical need for fixation

devices that are able to generate a compressive load,

and maintain that compressive load for a prolonged

period of time while healing occurs.

Summary Of The Invention

The present invention provides a novel fixation

device which is able to bring bone fragments into

close proximity with one another, generate a

compressive load, and maintain that compressive load

for a prolonged period of time while healing occurs.

Among other things, the present invention

comprises the provision and use of a novel compression

screw manufactured from a material having a low

modulus of elasticity, e.g., an alloy such as Ti-Nb-

Zr, Ti-Mo-Zr-Fe or Nitinol, preferably having a

modulus of elasticity of less than about 90GPa. In

one preferred form of the invention, the low modulus

material is Nitinol, which is preferred because of its

low modulus of elasticity and because it exhibits

shape memory and/or superelastic properties. Nitinol



is capable of being strained elastically up to about

2% and also superelast ically up to about 8%. Nitinol

per ASTM F2063 is particularly preferred because of

its known biocompat ibility . The novel compression

screw is designed to engage bone fragments on either

side of the fracture line and to generate compression

between the bone fragments.

In one form of the invention, the novel

compression screw comprises a headless screw having a

proximal threaded region and a distal threaded region.

The pitch of the thread on the proximal threaded

region is finer (i.e., more threads per inch) than the

pitch of the thread on the distal threaded region.

This thread pitch differential reduces fractures and

generates compression between the bone fragments. The

geometry of the thread on the proximal threaded region

and the geometry of the thread on the distal threaded

region are preferably mirrored so as to create a

"book-end" effect that increases the compression-

holding capabilities of the compression screw (e.g.,

the geometry of the thread on the proximal threaded

region is inclined in the proximal direction and has a

flat surface in the distal direction wherein the flat

surface is substantially perpendicular to the

longitudinal axis of the compression screw, and the

geometry of the thread on the distal threaded region

is mirrored, being inclined in the distal direction

and having a flat surface in the proximal direction



wherein the flat surface is substantially

perpendicular to the longitudinal axis of the

compression screw) .

The proximal threaded region and the distal

threaded region of the compression screw are connected

by a central bridge region. The central bridge region

can be strained and reversibly elongated (i.e.,

stretched) through the elastic limit of the material

used to form the compression screw, e.g., up to about

8% strain where the compression screw is formed out of

a shape memory or superelastic alloy (e.g., Nitinol) .

It may be beneficial for the central bridge region to

be cannulated to control the cross-sectional area of

the central bridge region of the compression screw,

and thus control the amount of force required to

elongate the central bridge region of the compression

screw (and hence control the amount of force generated

by the central bridge region as the elastically-

stretched central bridge region returns to its

unstrained state) . Additionally, such cannulation

allows the compression screw to be implanted using a

k-wire for guidance.

It should be appreciated that the low modulus

compression screw strains as a compressive force is

generated between bone fragments, so that an

equivalent tensile force is generated within the

compression screw. Thus, depending on the stress-

strain relationship of the material which is used to



form the compression screw, the tensile force

experienced by the compression screw may cause the

central bridge region of the compression screw to be

strained and axially elongated (i.e., stretched)

during implantation. When the compression screw is

manufactured from shape memory or superelastic

Nitinol, the compression screw may be strained and

reversibly elongated up to about 8%.

For low modulus alloys (e.g., Ti-Nb-Zr, Ti-Mo-Zr-

Fe or Nitinol, preferably having a modulus of less

than about 90GPa) , the elongation of the central

bridge region may be limited to the linear elastic

region of the stress-strain relationship of the

material which is used to form the compression screw.

For shape memory or superelastic alloys (e.g.,

Nitinol), this elongation may be limited to the

stress-strain relationship of the austenitic region of

the material (e.g., about 2% strain) or, if the

compression screw is strained further, the compression

screw may undergo a transformation from austenite into

stress-induced martensite and hence may be able to be

strained and recover from up to about 8% strain.

Following implantation (i.e, after the

compression screw has been implanted into the bone and

thus strained) , the strained central bridge region of

the compression screw will attempt to recover from its

stretched state and return to its original unstrained

(i.e., unstretched) state. In other words, following



implantation, the stretched compression screw will

attempt to contract back to its unstretched state

(i.e., to recover from the strain induced by setting

the compression screw in bone) . This action provides

additional, therapeutic compression to the bone

fracture which is maintained even as the bone relaxes

and remodels around the threads of the compression

screw, whereby to provide superior healing.

In another form of the invention, the novel

compression screw comprises a lag screw having a

distal threaded region and an enlarged head, and a

central bridge connecting the distal threaded region

and the enlarged head, wherein the central bridge can

be strained and reversibly elongated through the

elastic limit of the material which is used to form

the compression screw.

In one preferred form of the invention, there is

provided a compression screw comprising:

a shaft, a screw thread formed on the shaft at a

distal location, and a bone-engaging feature formed on

the shaft at a proximal location, wherein at least a

portion of the shaft disposed between the screw thread

and the bone-engaging feature is capable of being

reversibly axially stretched; and

wherein the reversible axial stretching of the

shaft occurs during implantation of the compression

screw and is caused by the distal thread axially



stretching the compression screw while the proximal

bone engaging feature resists axial displacement.

In another preferred form of the invention, there

is provided a compression screw comprising:

a shaft, a screw thread formed on the shaft at a

distal region, and a screw thread formed on the shaft

at a proximal region, wherein the pitch of the thread

at the proximal region is finer than the pitch of the

thread at the distal region, and wherein at least a

portion of the shaft disposed between the proximal

thread and the distal thread is capable of being

reversibly axially stretched; and

wherein the reversible axial stretching of the

shaft occurs during implantation of the compression

screw and is caused by the differential between the

pitch of the proximal thread and the pitch of the

distal thread generating a sufficient axial load.

In another preferred form of the invention, there

is provided a method for treating a fracture, the

method comprising:

providing a compression screw;

inserting the compression screw into bone,

whereby when the compression screw is threaded into

the bone so that a distal thread and a proximal bone-

engaging feature both engage the bone, sufficient

axial stress is created in the central shaft region of

the compression screw to stretch that central shaft

region, whereby when the proximal bone-engaging



feature of the compression screw engages the bone, the

compression screw extends across the fracture and the

central shaft region has been reversibly stretched up

to 8%; and

following implantation, allowing the compression

screw to apply compression across the fracture as the

central shaft region attempts to recover the generated

strain .

In another preferred form of the invention, there

is provided a method for treating a fracture, the

method comprising:

providing a headless compression screw;

inserting the headless compression screw into

bone, whereby when the headless compression screw is

threaded into the bone, a differential in thread pitch

creates sufficient axial stress in the central shaft

region of the headless compression screw to stretch

that central shaft region, whereby when the proximal

thread of the headless compression screw is fully

threaded into the bone, the headless compression screw

extends across the fracture and the central shaft

region has been reversibly stretched up to 8%; and

following implantation, allowing the headless

compression screw to apply compression across the

fracture as the central shaft region attempts to

recover the generated strain.

In another preferred form of the invention, there

is provided a compression screw comprising:



a shaft capable of being stretched, said shaft

having a proximal end and a distal end, said proximal

end of said shaft comprising a bone-engaging feature

and said distal end of said shaft comprising a distal

screw thread, and said proximal end of said shaft

comprising a drive feature for turning said shaft;

wherein inserting said compression screw into

bone across a fracture line generates a force, and

wherein said force generates a stress in said shaft

that causes said shaft to stretch to less than its

elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line.

In another preferred form of the invention, there

is provided a method for treating a fracture, the

method comprising:

providing a compression screw comprising:

a shaft capable of being stretched, said

shaft having a proximal end and a distal end, said

proximal end of said shaft comprising a bone-engaging

feature and said distal end of said shaft comprising a

distal screw thread, and said proximal end of said

shaft comprising a drive feature for turning said

shaft; and

wherein inserting said compression screw

into bone across a fracture line generates a force,



and wherein said force generates a stress in said

shaft that causes said shaft to stretch to less than

its elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line;

and

inserting said shaft into a bone across a

fracture line.

In another preferred form of the invention, there

is provided a compression screw comprising:

a shaft capable of being stretched, said shaft

having a proximal end and a distal end, said proximal

end of said shaft comprising a proximal screw thread

and said distal end of said shaft comprising a distal

screw thread, said proximal screw thread having a

finer pitch than said distal screw thread, and said

proximal end of said shaft comprising a drive feature

for turning said shaft;

wherein inserting said compression screw into

bone across a fracture line generates a stretching

force along the longitudinal axis of said compression

screw due to the pitch differential between said

distal screw thread and said proximal screw thread,

and wherein said stretching force generates a stress

in said shaft that causes said shaft to stretch to

less than its elastic limit; and



wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line.

In another preferred form of the invention, there

is provided a method for treating a fracture, the

method comprising:

providing a compression screw comprising:

a shaft capable of being stretched, said

shaft having a proximal end and a distal end, said

proximal end of said shaft comprising a proximal screw

thread and said distal end of said shaft comprising a

distal screw thread, said proximal screw thread having

a finer pitch than said distal screw thread, and said

proximal end of said shaft comprising a drive feature

for turning said shaft; and

wherein inserting said compression screw

into bone across a fracture line generates a

stretching force along the longitudinal axis of said

compression screw due to the pitch differential

between said distal screw thread and said proximal

screw thread, and wherein said stretching force

generates a stress in said shaft that causes said

shaft to stretch to less than its elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating



and maintaining compression across the fracture line;

and

inserting said shaft into a bone across a

fracture line.

Brief Description Of The Drawings

These and other objects and features of the

present invention will be more fully disclosed or

rendered obvious by the following detailed description

of the preferred embodiments of the invention, which

is to be considered together with the accompanying

drawings wherein like numbers refer to like parts, and

further wherein:

Fig. 1 is a schematic view showing a novel

compression screw formed in accordance with the

present invention;

Fig. 1A is a schematic side sectional view of the

novel compression screw shown in Fig. 1 ;

Fig. 2 is a schematic view showing the stress-

strain relationship of Nitinol compared to that of

stainless steel and bone;

Fig. 3 is a partial list of exemplary low modulus

alloys ;

Fig. 4 is a schematic view showing the stress-

strain relationship for Nitinol when it is strained to

different levels;

Fig. 5 is a schematic view showing the internal

features of the compression screw of Fig. 1 ;



Fig. 6 is a schematic view showing the effect of

cold work on the stress-strain behavior of Nitinol;

Fig. 7 is a schematic view showing the effect of

temperature differential (between the body that the

compression screw will be implanted into and the

austenite finish temperature of the material used to

form the compression screw) on the stress-strain

behavior of Nitinol;

Fig. 8 is a schematic view showing how the

compression screw of Fig. 1 may be used to treat a

fracture ;

Fig. 9 shows exemplary compression screw design

parameters ;

Fig. 10 shows the axial loads generated by a

compression screw manufactured according to the

compression screw design parameters of Fig. 9;

Fig. 11 shows that a compression screw designed

with the compression screw design parameters of Fig. 9

will not tear through typical bone tissue;

Fig. 12 is a schematic view showing the

additional compression that a low modulus compression

screw generates, initially after of implantation,

compared to a comparable stainless steel compression

screw;

Fig. 13 is a schematic view showing the

additional compression that a low modulus compression

screw generates, over a 12-hour period, compared to a

comparable stainless steel compression screw; and



Fig. 14 is a schematic view of a lag-type

compression screw formed in accordance with the

present invention.

Detailed Description Of The Preferred Embodiments

Looking first at Fig. 1 , there is shown a novel

compression screw 100 for bringing bone fragments into

close proximity with one another, generating a

compressive load, and maintaining that compressive

load for a prolonged period of time while the bone

tissue heals. Compression screw 100 is preferably

manufactured from a low modulus material (e.g., Ti-Nb-

Zr, Ti-Mo-Zr-Fe or Nitinol), preferably with a modulus

less than about 90GPa. In one preferred form of the

invention, the low modulus material is Nitinol, which

is preferred because of its low modulus of elasticity

and because it exhibits shape memory and/or

superelastic properties. Nitinol is capable of being

strained elastically up to about 2% and also

superelast ically up to about 8%. Nitinol per ASTM

F2063 is particularly preferred because of its known

biocompat ibility . Compression screw 100 is designed

to engage bone fragments and generate compression

between the bone fragments.

In one preferred form of the invention,

compression screw 100 comprises a shaft 105. In one

preferred form of the invention, shaft 105 comprises a

proximal threaded region 110 having a proximal screw



thread 111 formed thereon and a distal threaded region

120 having a distal screw thread 121 formed thereon.

If desired, the distal end of compression screw 100

may be self-cutting or self-tapping (e.g., distal

screw thread 121 may be self-cutting or self-tapping) .

The pitch of proximal screw thread 111 on proximal

threaded region 110 is finer than the pitch of distal

screw thread 121 on distal threaded region 120. This

thread pitch differential reduces the fracture and

generates compression. The respective geometries of

proximal screw thread 111 and distal screw thread 121

are preferably mirrored, creating a "book-end" effect

that increases the compression-holding capabilities of

compression screw 100 when compression screw 100

extends across a fracture line in bone (e.g., as seen

in Fig. 1A, the geometry of proximal screw thread 111

has an incline 111P in the proximal direction and a

flat surface HID in the distal direction that is

substantially perpendicular to the longitudinal axis

125 of compression screw 100; and the geometry of

distal screw thread 121 is preferably mirrored, having

an incline 121D in the distal direction and a flat

surface 121P in the proximal direction that is

substantially perpendicular to the longitudinal axis

of the compression screw) .

Proximal threaded region 110 and distal threaded

region 120 are connected by a central bridge region

130. In one preferred form of the invention, central



bridge region 130 is hollow. Central bridge region

130 can be strained and reversibly elongated (i.e.,

stretched) by virtue of the fact that compression

screw 100 is manufactured from a low modulus material

(e.g., Ti-Nb-Zr, Ti-Mo-Zr-Fe or Nitinol), preferably

with a modulus less than about 90GPa, so that central

bridge region 130 may be elastically stretched up to

about 1-2% (and, where the low modulus material is

Nitinol, may be elastically stretched up to about 8%

using the shape memory or superelastic properties of

Nitinol) . The cross-sectional area of central bridge

region 130 is engineered to allow that region of the

compression screw to be elastically stretched during

implantation and to thereafter recover, i.e., so as to

attempt to shorten in order to recover its initial

length after being stretched during implantation. The

stretching and recovery force is proportional to the

cross-sectional area of central bridge region 130.

Thus, the cross-sectional area of compression screw

100 is engineered so that the loads created during

recovery (i.e., post-implantation shortening) are not

so great as to cause the screw's threads to shear

through the bone.

By screwing compression screw 100 across the

fracture line of a fractured bone, with distal screw

thread 121 disposed on one side of the fracture line

and with proximal screw thread 111 disposed on the

other side of the fracture line, the pitch



differential between proximal screw thread 111 and

distal screw thread 121 generates compression between

the bone fragments, and thus imparts an axial load on

central bridge region 130. This axial load generates

stress in central bridge region 130. Compression

screw 100 is designed such that this stress causes the

central bridge region 130 to reversibly axially

stretch during implantation, and to attempt to axially

contract after implantation.

Looking now at Figs. 2 and 3 , the stress-strain

relationship of Nitinol (180), stainless steel (185),

and bone (190) are shown. As can be seen in Fig. 2 ,

the modulus of stainless steel (represented by the

slope of region 186) is significantly greater than the

modulus of Nitinol (represented by the slope of region

181) . Thus, Nitinol is a low modulus alloy and will

experience greater strain at a given stress compared

to stainless steel, or compared to other higher

modulus alloys. Other low modulus alloys include Ti-

13Nb-13Zr, Ti-12Mo-6Zr-2Fe, Ti-15Mo, Ti-16Nb-10Hf , Ti-

15Mo-5Zr-3Al, Ti-15Mo-2 .8Nb-0 .2Si-0 .260, Ti-35Nb-7Zr-

5Ta, and Ti-29Nb-13Ta-4 .7Zr . A more complete (but not

exhaustive) list of low modulus alloys is provided in

Fig. 3 . In general, for the purposes of the present

invention, the term "low modulus alloys" is intended

to mean alloys having a modulus of elasticity less

than about 90GPa.



Unlike other low modulus alloys, Nitinol also

exhibits a stress-strain hysteresis whereby, at a

critical stress, the material will undergo large

elastic deformations and, upon releasing that stress,

the material will recover to its un-strained

condition .

Looking more closely at the stress-strain

relationship of Nitinol (Fig. 2), region 181 refers to

the austenitic modulus of Nitinol. Region 182 of the

Nitinol stress-strain graph refers to the "Upper

Plateau". In this region, the material undergoes a

stress-induced transformation of austenite to

martensite. This occurs at a nearly constant stress

level, referred to as the "Upper Plateau Stress".

This transformation allows the material to be

reversibly strained up to about -8% strain. Releasing

the stress allows the material to recover along region

183. This is referred to as the "Lower Plateau". In

this region, the material is recovering strain along a

nearly linear "Lower Plateau Stress".

It should be appreciated that a compression screw

100 formed out of Nitinol can be strained during

implantation to any point on region 181 or 182. It

should also be appreciated, and now looking at Fig 4 ,

that if the Nitinol compression screw 100 is stretched

sufficiently so as to allow the Nitinol to at least

partially undergo the transformation to martensite,

the compression screw will recover strain at a Lower



Plateau Stress regardless of the extent to which the

compression screw is stretched (as long as it is

stretched to less than about 8%) .

The compression generated between the bone

fragments is equivalent to a tensile load in the

compression screw. For low modulus materials,

compression screw 100 is engineered to be strained

during insertion into the bone but not to exceed the

elastic limit of the material out of which the

compression screw is formed. Compression screw 100

will then attempt to shorten to its original length,

generating and maintaining therapeutic compression

across the fracture line.

For a compression screw made from Nitinol, if

during insertion the compression screw is not strained

beyond the point where stress-induced martensite is

created (i.e., so that the material remains in its

austenitic state, in the region 181 shown in Fig. 2),

which is typically less than about 2% strain, central

bridge region 130 of compression screw 100 will strain

according to the austenitic modulus of the material.

Nitinol 's austenitic modulus is ~80GPa while the

modulus of 316 stainless steel is -190 GPa. Thus, a

Nitinol compression screw 100 will strain almost 3x

more than a similar compression screw formed out of

stainless steel. After fully threading compression

screw 100 into the bone, the contracting central

bridge region 130 can provide additional compression



to the bone fracture as the compression screw seeks to

shorten ("foreshorten") to its original unstrained

length .

If during insertion, compression screw 100 is

strained sufficiently so as to create stress-induced

martensite (i.e., so that the material is in the

region 182 shown in Fig. 2), the contracting central

bridge region 130 can be strained up to about 8%.

After fully threading compression screw 100 into the

bone, contracting central bridge region 130 will then

attempt to recover to its original length along its

Lower Plateau Stress (region 183 in Fig. 2 ) and

provide additional compression to the bone fracture.

Compression screw 100 comprises a drive feature

140 (e.g., a hexalobe) in proximal threaded region 110

for engagement by an appropriate driver (not shown) of

the sort well known in the art, whereby to turn

compression screw 100 (e.g., into bone) .

Compression screw 100 may comprise a central

lumen 150 (Fig. 5 ) which extends the length of the

compression screw. It is generally preferred to

provide compression screw 100 with a central lumen 150

extending the entire length of the compression screw

so that the compression screw can be set over a k-

wire.

Thus, in one preferred form of the invention,

compression screw 100 is formed out of a low modulus

material (e.g., Ti-Nb-Zr, Ti-Mo-Zr-Fe or Nitinol),



preferably with a modulus less than about 90GPa, so

that central bridge region 130 may be elastically

stretched up to about 1-2% (and, where the low modulus

material is Nitinol, may be elastically stretched up

to about 8% using the shape memory or superelastic

properties of Nitinol) . Compression screw 100

comprises distal screw threads 121 and proximal screw

threads 111 connected by a central bridge region 130,

with distal screw threads 121 and proximal screw

threads 111 having a pitch differential such that

advancing compression screw 100 across a fracture line

induces stress in central bridge region 130 and causes

elastic strain (i.e., stretching) in central bridge

region 130. After implantation, central bridge region

130 will attempt to contract, thereby supplying

additional compression to the bone fracture as the

bone relaxes and remodels around the compression

screw. As a result, compression screw 100 is able to

bring bone fragments into close proximity with one

another, generate a compressive load, and maintain

that compressive load for a long period of time while

healing occurs. In one preferred form of the

invention, compression screw 100 is cannulated, so

that the compression screw can be set over a k-wire.

In addition, such cannulation can be used to regulate

the cross-sectional area of central bridge region 130,

whereby to control the amount of strain created in



central bridge region 130 during implantation of

compression screw 100.

Controlling The Compression Force Generated

During Implantation Of The Compression Screw

It should be appreciated that the force required

to reversibly strain central bridge region 130, and

the recovery force generated by the contracting

central bridge region 130, should be less than the

pullout force in bone for the proximal screw thread

111 and distal screw threads 121, so that compression

screw 100 does not "tear through" the bone tissue.

Thus, compression screw 100 is engineered so as to

limit the force required to reversibly strain central

bridge region 130 and to limit the force generated by

the contracting central bridge region 130. The force

which strains central bridge region 130 (and which is

stored in the strained central bridge region 130) can

be controlled by modulating the screw's material

properties and/or the screw's geometry.

Fig. 6 shows how the percentage of cold work in

the material used to form compression screw 100 (e.g.,

Nitinol) affects the Upper Plateau Stress and the

Lower Plateau Stress of the material (e.g., when the

Nitinol is exhibiting its shape memory or superelastic

properties) . As the percentage of cold work

increases, the Upper Plateau Stress increases and the

Lower Plateau Stress decreases. A Nitinol compression



screw should, preferably, have between 0% and 55% cold

work to appropriately control the Upper Plateau Stress

and the Lower Plateau Stress. Thus, in one preferred

form of the invention, where compression screw 100 is

formed out of Nitinol, the percentage of cold work in

the Nitinol is approximately 55% or less. In one

preferred form of the invention, there is provided a

compression screw formed out of Nitinol (cold worked

up to 55%, with at least 180ksi Ultimate Tensile

Strength (1,241 Mpa) for increased strength, while

having a modulus of elasticity of less than 90 GPa)

and engineered to have a differential thread pitch

force large enough to elastically (reversibly) stretch

the screw's cold worked bridge yet have a thread

gripping power sufficient so that the compression

screw does not strip through the bone.

Another material property that affects the Upper

Plateau Stress (and the Lower Plateau Stress) is the

temperature differential between the body in which the

compression screw will be implanted (assumed to be

37°C) and the austenite finish temperature of the

material (e.g., Nitinol) out of which compression

screw 100 is formed. Fig. 7 shows this relationship.

A smaller temperature differential between body

temperature and the austenite finish temperature of

the Nitinol will result in a lower Upper Plateau

Stress and a Lower Plateau Stress. The material that

the compression screw is made out of (e.g., Nitinol)



should, preferably, have an austenite finish

temperature of greater than 0°C, resulting in a

temperature differential of less than 37°C. The

material's austenite finish temperature can be

adjusted through heat treatments of the sort well

known in the art of metallurgy.

Screw geometry also affects the axial load that

is required to stretch central bridge region 130 (and

hence the recovery force generated by contracting

central bridge region 130) . The cross-sectional area

of central bridge region 130 directly affects this.

When the compression screw is made out of Nitinol (or

another material which exhibits shape memory and/or

superelastic characteristics), as the cross-sectional

area of central bridge region 130 increases, so does

the force required to exceed the Upper Plateau Stress.

It should be appreciated that central bridge region

130 may be cannulated to decrease the cross-section of

the central bridge region, and thus decrease both the

force required to stretch compression screw 100 and

the force generated as the compression screw

thereafter contracts.

The threads of compression screw 100 are critical

for resisting the forces that would "tear through" the

bone, and thus proximal screw thread 111 and distal

screw thread 121 are engineered so as to allow central

bridge region 130 to experience the stresses

sufficient to appropriately stretch central bridge



region 130 (but not to overstretch central bridge

region 130) . The height of the threads, the number of

threads per inch (pitch) , and the geometry of the

threads are all critical to the ability of compression

screw 100 to generate adequate strain for therapeutic

purposes while not generating excessive strain which

would result in "tear through" in the bone. Proximal

screw thread 111 and distal screw thread 121 may be of

different lengths. The length of distal screw thread

121 may be equal to or greater than the length of

proximal screw thread 111. The length of distal screw

thread 121 should be at least 20% of the total length

of compression screw 100. Additionally, the height of

distal screw thread 121 should be equal to or greater

than the height of proximal screw thread 111.

The geometry of distal screw thread 121 may also

be mirrored with respect to the geometry of proximal

screw thread 111. More particularly, and as seen in

Fig. 1A, the geometry of proximal screw thread 111 on

proximal threaded region 110 may have an incline 111P

in the proximal direction and a flat surface HID in

the distal direction that is substantially

perpendicular to the longitudinal axis 125 of

compression screw 100, and the geometry of distal

screw thread 121 on distal threaded region 120 may be

mirrored, having an incline 121D in the distal

direction and a flat surface 121P in the proximal

direction that is substantially perpendicular to the



longitudinal axis 125 of compression screw 100. This

creates threaded regions where the load-bearing thread

faces are nearly perpendicular to the longitudinal

axis of compression screw 100. The resulting thread

form has high shear strength.

It will be appreciated that the various

parameters of the novel compression screw can be

engineered so as to limit the compressive force

generated by the compression screw to a level which is

below a given bone shear stress limit. In general,

the novel compression screw is engineered to limit the

compressive force generated by the compression screw

to approximately 65 MPa, which is typical of the bone

shear stress limit of healthy cortical bone. However,

the novel compression screw can be engineered to limit

the compressive force to a lower or higher limit,

e.g., to 25 MPa in poor quality/osteoporot ic bone, or

up to 100 MPa in strong/athletic cortical bone.

Thus, in one form of the present invention, the

invention comprises the provision and use of a novel

compression screw for generating and maintaining a

compressive load across a fracture line in bone as the

bone relaxes and remodels around the compression screw

during healing, wherein the novel compression screw

comprises :

a shaft having a distal end, a proximal end and a

central bridge region extending therebetween, the



shaft being formed out of a material having a low

modulus of elasticity;

a distal screw thread formed on the distal end of

the shaft; and

a proximal bone-engaging feature formed on the

proximal end of the shaft;

wherein :

(i) the material out of which the shaft is

formed,

(ii) the configuration of the central bridge

region of the shaft,

(iii) the configuration of the distal screw

thread, and

(iv) the proximal bone-engaging feature,

are all selected such that when the compression screw

is turned into bone so that the distal screw thread is

disposed on one side of the fracture line and the

proximal bone-engaging feature is disposed on the

other side of the fracture line, the forces imposed on

the compression screw during the process of

implantation into the bone cause the compression screw

to longitudinally stretch, but only to an extent less

than its elastic limit, such that after implantation

into the bone the compression screw generates and

maintains compression across the fracture line as the

compression screw attempts to foreshorten to its

original length, with the compression being maintained



as the bone relaxes and remodels around the

compression screw during healing.

In one preferred form of the invention, the

compression screw is formed out of material having a

modulus of elasticity of less than about 90 GPa.

And in one preferred form of the invention, the

compression screw is formed out of Nitinol.

And in one preferred form of the invention, the

proximal bone-engaging feature comprises a proximal

screw thread.

And in another preferred form of the invention,

the proximal bone-engaging feature comprises an

enlarged head.

And in one preferred form of the invention, the

compression screw is cannulated.

Use Of The Novel Compression Screw

Looking now at Fig. 8 , compression screw 100 can

be used to aid in the healing of fractured bone. More

particularly, in one preferred form of the invention,

a k-wire 200 is inserted across a fracture line 205 to

provisionally stabilize bone fragments 210 and 215.

Compression screw 100 (formed out of a low modulus

material such as Nitinol) is then slid over k-wire 200

and threaded into bone fragments 210 and 215 so that

compression screw 100 extends across fracture line

205. The differential pitch between proximal screw

thread 111 and distal screw thread 121 creates



compression across fracture line 205 and reduces the

fracture. As compression screw 100 is thoroughly

countersunk into the bone, the pitch differential

between proximal screw thread 111 and distal screw

thread 121 generates sufficient axial tension in

central bridge region 130 to reversibly stretch

central bridge region 130 up to about 8%. With each

rotation of the compression screw, distal screw thread

121 advances into the bone faster than proximal screw

thread 111. This thread differential (and hence

thread advancement differential) is what creates axial

tension in central bridge region 130 of compression

screw 100. K-wire 200 is then removed.

With implantation of compression screw 100

complete, compression screw 100 will attempt to

foreshorten to its pre-strained (i.e., pre-stretched)

condition. Inasmuch as proximal screw thread 111 and

distal screw thread 121 of compression screw 100 are

disposed in bone fragments 210, 215, respectively,

such that central bridge region 130 extends across

fracture line 205, the foreshortening of compression

screw 100 will generate additional compressive load

across fracture line 205, thereby enhancing healing.

As noted above, compression screw 100 is provided

with a drive feature 140, whereby to turn compression

screw 100 into bone. Drive feature 140 can be a

standard screw drive feature such as a drive slot, a

Philips (cruciform) drive configuration, a hex or



hexalobe recess, or other engagement feature of the

sort well known in the art.

Example 1

Nitinol Compression Screw That

Will Strain At Upper Plateau

Looking now at Fig. 9 , exemplary design

properties of a novel compression screw 100 are shown.

These values are intended to be exemplary only and not

limiting, though one skilled in the art will

appreciate their clinical relevance.

Looking now at Fig. 10, the tensile forces

generated by the differential thread pitch of

compression screw 100 are shown. The differential

thread pitch generates a compressive load between bone

fragments which also creates an axial load in central

bridge region 130 of compression screw 100. This

compression screw is inserted into the bone with a

torque of 750N-mm, which is less than the torsional

yield strength of the screw (>800N-mm) . Using the

following equation:

T = cDF

where :

T Torque required

F Tension desired

D Nominal screw diameter



c = Coefficient of friction (assumed to be 0.1)

proximal screw thread 111 generates an axial load of

approximately 1744N, and distal screw thread 121

generates an axial load of approximately 2381N. Thus,

there is an axial load differential of 637N between

the axial load generated by proximal screw thread 111

and the axial load generated by distal screw thread

121. This axial load differential imposes tension on

central bridge region 130 of compression screw 100.

Central bridge region 130 of this compression screw

has a cross-sectional area of 1.51mm 2. This generates

a stress of 421MPa which is greater than the Upper

Plateau Stress (400MPa) of the material out of which

compression screw 100 is formed (e.g., shape memory or

superelastic Nitinol) . Thus central bridge region 130

will undergo a transformation to stress-induced

martensite and axially elongate. The length of

proximal screw thread 111 is 4.5mm, and the thread

pitch differential is 0.15mm (see, for example, Fig.

9 , where proximal screw thread 111 has a pitch of

1.10mm and distal screw thread 121 has a pitch of

1.25mm, thereby yielding a thread pitch differential

of 1.25mm - 1.10mm = 0.15mm) . Thus, fully inserting

compression screw 100 into the bone will cause central

bridge region 130 to elongate approximately 0.67mm or

6.4%. After implantation, compression screw 100 will

attempt to axially foreshorten and return to its



unstrained length. This action will generate and

maintain compression across the fracture line as

healing occurs.

Looking now at Fig. 11, the shear stress

generated by threaded regions 110, 120 are analyzed to

ensure they do not exceed a bone shear stress limit

(65MPa) which is typical of healthy cortical bone.

Proximal screw thread 111 generates a shear stress of

64MPa, and distal screw thread 121 generates a shear

stress of 50MPa. Thus, compression screw 100 will not

strip in the bone.

Example 2

Compressive Load Generated By Low Modulus Screw

Looking now at Fig. 12, the compressive load

generated by a self-compressing low modulus

compression screw manufactured from Nitinol (or Ti-Nb-

Zr, Ti-Mo-Zr-Fe or other low modulus material),

preferably with a modulus less than about 90GPa, is

shown and compared to a traditional compression screw

manufactured from stainless steel. Both compression

screws are of comparable dimensions and geometries.

The compression screw is designed to slightly stretch

central bridge region 130 (though not enough to create

stress-induced martensite if made from Nitinol) during

insertion. Following implantation, as the compression

screw attempts to shorten to its original length, the

Nitinol compression screw generates nearly twice the



compression than that of the comparable stainless

steel compression screw. Looking at Fig. 13, it can

be seen that the low modulus Nitinol compression screw

maintains this compression over a long time period.

Reversible Twisting Of The Novel Compression Screw

It should be appreciated that in addition to

axial (i.e., longitudinal) elongation, the insertion

of novel compression screw 100 can cause elastically

reversible twisting of the compression screw. In

other words, torqueing novel compression screw 100

during insertion can cause the compression screw to

elastically reversibly twist about its longitudinal

axis. Thus, after compression screw 100 has been

inserted, the compression screw can recover this

twist, imparting additional compression across the

fracture line. Where the novel compression screw 100

is formed out of a shape memory alloy, the novel

compression screw may also have a pre-bias twist from

shape setting the compression screw in the same or

opposite direction of the threading action. This pre-

bias can be recovered by temperature transition after

implantation to generate additional compression across

the fracture line.

Localized Heat Treating

Compression screw 100 may also be selectively

heat treated to locally change the mechanical



properties of the compression screw. Thus, central

bridge region 130 may be constructed to have a smaller

temperature differential between body temperature and

austenite finish temperature than proximal and distal

threaded regions 110, 120.

Other Compression Screw Configurations

It should be appreciated that the present

invention may also be utilized with other compression

screw configurations including, but not limited to,

headed (i.e., lag-type) compression screws. See, for

example, Fig. 14 where a headed compression screw 100A

is shown. Compression screw 100A is similar to

compression screw 100 previously discussed, except

that proximal threaded region 110 and proximal screw

thread 111 are replaced by a head 112A. When headed

compression screw 100A is tightened into bone, head

112A will abut the bone surface. Further tightening

of headed compression screw 100A will advance distal

screw thread 121A without advancing head 112A, thereby

generating compression between the bone fragments and

an axial tension in central bridge region 130A of

headed compression screw 100A. Again, this axial

tension will reversibly strain central bridge region

130, generating additional compression between bone

fragments .

Modifications Of The Preferred Embodiments



It should be understood that many additional

changes in the details, materials, steps and

arrangements of parts, which have been herein

described and illustrated in order to explain the

nature of the present invention, may be made by those

skilled in the art while still remaining within the

principles and scope of the invention.



What Is Claimed Is:

1 . A compression screw comprising:

a shaft capable of being stretched, said shaft

having a proximal end and a distal end, said proximal

end of said shaft comprising a bone-engaging feature

and said distal end of said shaft comprising a distal

screw thread, and said proximal end of said shaft

comprising a drive feature for turning said shaft;

wherein inserting said compression screw into

bone across a fracture line generates a force, and

wherein said force generates a stress in said shaft

that causes said shaft to stretch to less than its

elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line.

2 . A compression screw according to claim 1

wherein said shaft comprises a low modulus alloy.

3 . A compression screw according to claim 2

wherein said low modulus alloy has a modulus of less

than 90GPa.



4 . A compression screw according to claim 2

wherein said low modulus alloy is a shape memory or

superelastic alloy.

5 . A compression screw according to claim 4

wherein said shape memory or superelastic alloy

comprises Nitinol.

. A compression screw according to claim 5

wherein the Nitinol is Nitinol per ASTM F2063.

7 . A compression screw according to claim 6

wherein the Nitinol can be strained elastically up to

about 2% and also strained superelast ically up to

about 8%.

8 . A compression screw according to claim 5

wherein the Nitinol is cold worked up to about 55%

with at least 180ksi Ultimate Tensile Strength (1,241

MPa) .

9 . A compression screw according to claim 1

wherein said proximal bone-engaging feature is a

proximal screw thread.

10. A compression screw according to claim 9

wherein the pitch of said proximal screw thread is

finer than the pitch of said distal screw thread so



that insertion of the compression screw into bone

causes the shaft to stretch longitudinally.

11. A compression screw according to claim 1

wherein said proximal bone-engaging feature is an

enlarged head so that insertion of the compression

screw into bone causes the shaft to stretch

longitudinally .

12. A compression screw according to claim 1

wherein said drive feature comprises at least one

selected from the group consisting of a slot, a

cruciform recess, a hex recess and a hexalobe recess

13. A compression screw according to claim 1

wherein said distal end of said shaft comprises a

self-cutting feature.

14. A compression screw according to claim 1

wherein said distal end of said shaft comprises a

self-tapping feature.

15. A compression screw according to claim 9

wherein said proximal screw thread and said distal

screw thread are mirrored so as to increase the

compression-holding capabilities of the compression

screw .



16. A compression screw according to claim 1

wherein, when said shaft attempts to foreshorten to

its original un-stretched condition, it does so at a

load which is engineered to be low enough so as not to

strip said distal screw thread through the bone.

17. A compression screw according to claim 9

wherein, when said shaft attempts to foreshorten to

its original un-stretched condition, it does so at a

load which is engineered to be low enough so as not to

strip either said proximal screw thread or said distal

screw thread through the bone.

18. A compression screw according to claim 1

wherein said shaft has a cross-sectional area that is

engineered to control the recovery load so as not to

cause said distal screw thread to pull through the

bone .

19. A compression screw according to claim 9

wherein said shaft has a cross-sectional area that is

engineered to control the recovery load so as not to

cause either said proximal screw thread or said distal

screw thread to pull through the bone.

20. A method for treating a fracture, the method

comprising :

providing a compression screw comprising:



a shaft capable of being stretched, said

shaft having a proximal end and a distal end, said

proximal end of said shaft comprising a bone-engaging

feature and said distal end of said shaft comprising a

distal screw thread, and said proximal end of said

shaft comprising a drive feature for turning said

shaft; and

wherein inserting said compression screw

into bone across a fracture line generates a force,

and wherein said force generates a stress in said

shaft that causes said shaft to stretch to less than

its elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line;

and

inserting said shaft into a bone across a

fracture line.

21. A method according to claim 20 wherein said

shaft comprises a low modulus alloy.

22. A method according to claim 21 wherein said

low modulus alloy has a modulus of less than 90GPa.

23. A method according to claim 22 wherein said

shaft comprises a shape memory or superelastic alloy.



24. A method according to claim 23 wherein said

shape memory or superelastic alloy comprises Nitinol.

25. A method according to claim 24 wherein the

Nitinol is Nitinol per ASTM F2063.

26. A method according to claim 25 wherein the

Nitinol can be strained elastically up to about 2% and

also strained superelast ically up to about 8%.

27. A method according to claim 24 wherein the

Nitinol is cold worked up to about 55% with at least

180ksi Ultimate Tensile Strength (1,241 MPa) .

28. A method according to claim 20 wherein said

proximal bone-engaging feature is a proximal screw

thread .

29. A method according to claim 28 wherein the

pitch of said proximal screw thread is finer than the

pitch of said distal screw thread so that insertion of

the compression screw into bone causes the shaft to

stretch longitudinally.

30. A method according to claim 20 wherein said

proximal bone-engaging feature is an enlarged head so



that insertion of the compression screw into bone

causes the shaft to stretch longitudinally.

31. A method according to claim 20 wherein said

drive feature comprises at least one selected from the

group consisting of a slot, a cruciform recess, a hex

recess and a hexalobe recess.

32. A method according to claim 20 wherein said

distal end of said shaft comprises a self-cutting

feature .

33. A method according to claim 20 wherein said

distal end of said shaft comprises a self-tapping

feature .

34. A method according to claim 28 wherein said

proximal screw thread and said distal screw thread are

mirrored so as to increase the compression-holding

capabilities of the compression screw.

35. A method according to claim 20 wherein, when

said shaft attempts to foreshorten to its original un-

stretched condition, it does so at a load which is

engineered to be low enough so as not to strip said

distal screw thread through the bone.



36. A method according to claim 28 wherein, when

said shaft attempts to foreshorten to its original un-

stretched condition, it does so at a load which is

engineered to be low enough so as not to strip either

said proximal screw thread or said distal screw thread

through the bone.

37. A method according to claim 20 wherein said

shaft has a cross-sectional area that is engineered to

control the recovery load so as not to cause said

distal screw thread to pull through the bone.

38. A method according to claim 28 wherein said

shaft has a cross-sectional area that is engineered to

control the recovery load so as not to cause either

said proximal screw thread or said distal screw thread

to pull through the bone.

39. A compression screw comprising:

a shaft capable of being stretched, said shaft

having a proximal end and a distal end, said proximal

end of said shaft comprising a proximal screw thread

and said distal end of said shaft comprising a distal

screw thread, said proximal screw thread having a

finer pitch than said distal screw thread, and said

proximal end of said shaft comprising a drive feature

for turning said shaft;



wherein inserting said compression screw into

bone across a fracture line generates a stretching

force along the longitudinal axis of said compression

screw due to the pitch differential between said

distal screw thread and said proximal screw thread,

and wherein said stretching force generates a stress

in said shaft that causes said shaft to stretch to

less than its elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line.

40. A method for treating a fracture, the method

comprising :

providing a compression screw comprising:

a shaft capable of being stretched, said

shaft having a proximal end and a distal end, said

proximal end of said shaft comprising a proximal screw

thread and said distal end of said shaft comprising a

distal screw thread, said proximal screw thread having

a finer pitch than said distal screw thread, and said

proximal end of said shaft comprising a drive feature

for turning said shaft; and

wherein inserting said compression screw

into bone across a fracture line generates a

stretching force along the longitudinal axis of said

compression screw due to the pitch differential



between said distal screw thread and said proximal

screw thread, and wherein said stretching force

generates a stress in said shaft that causes said

shaft to stretch to less than its elastic limit; and

wherein, after said shaft is inserted into a

bone, said shaft attempts to foreshorten to its

original un-stretched condition, thereby generating

and maintaining compression across the fracture line;

and

inserting said shaft into a bone across a

fracture line.
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