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TITLE OF THE INVENTION

BONE FIXTURE ASSEMBLY

CROSS-REFERENCE TO REIATED APPLICATION

This application claims the benefit of United States

Provisional Application No. 61/172,060, filed on April 23, 2009.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR

DEVELOPMENT

N/A

BACKGROUND OF THE INVENTION

Nearly 700,000 open heart surgeries are performed annually

in North America. During the surgery, the sternum is bisected to

access the thoracic cavity, a procedure known as sternotomy.

Following the primary operation, the sternum is closed, typically

with wire sutures .

The sternal reapproximation procedure is generally

successful. However, post operative complications occur in

approximately 2% of procedures, generally in patients over the age

of 65. High instances of osteoporosis that are common in this age

group causes the sternum to wear away at fixation points, causing

loosening within the system. When loosening occurs, other

complications can arise, such as medianstinitis, or infection of

the sternum, which has been shown to have a mortality rate as

great as 15%.

Low cyclic forces generated by repetitive motion, such as

breathing motion in the case of the sternum, can lead to unwanted

loosening and even failure of the fixation system. This problem

becomes even more acute in the case of osteoporotic or lower-

density bones. Currently the most common practice of sternal

fixation utilizes stainless steel surgical wires. However, for

some patients, the low cyclic forces generated by breathing can

cause the wires to cut into the patient resulting in losses of



fixation and normal bone alignment. Rigid fixation techniques,

such as with a plate and screw assembly, are known, but are not

commonly used for sternum fixation. This is due to a variety of

factors, including the length of time for the procedure and

increased level of skill required by the surgeon, as well as the

cost. In addition, existing plate and screw assemblies are not

optimized for fixation of the sternum.

SUMMARY OF THE INVENTION

The present invention relates to a bone fixation device and

more specifically to sternum fixation with a screw and plate

assembly. The screws pull the plate to the bone and have a

locking capability. No micro -movement issues occur as with an

unlocked beveled screw where the angle of the screw can be off

axis and generate movement of the bone relative to the plate.

A preferred embodiment enables higher torque which decreases

loosening of the assembly over time. The screw/head interface

minimizes wedge angle effect. A preferred embodiment uses a

higher number of threads for improved purchase in cortical bone as

well as increased depth of threads for improved purchase in

cancellous bone. The locking mechanism inhibits sawing effect

which can degrade the fixation given the repetitive loading

experienced by many bone structures during healing.

In one embodiment, the outer diameter of the screw is

generally equal to the plate hole inner diameter, which helps

minimize initial loosening. A cap is used to secure the screw to

the plate after the screws have secured the plate into position

against the bone surface.

The preferred embodiment further includes a method of

securing fractured bone elements together and/or repairing

surgically separated bone elements in accordance with the devices

and methods described herein.

A further preferred embodiment relates to a method of

manufacturing a bone fixation device as set forth herein.



BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention will

be apparent from the following detailed description of the

invention, taken in conjunction with the accompanying drawings of

which :

Fig. 1 is a side schematic illustration of a screw and plate

assembly according to one embodiment of the invention;

Figs. 2A-2C schematically illustrate the locking of the

screw to the plate;

Figs. 3A and 3B are profile views of the bone fixation screw

according to one embodiment;

Figs. 4A and 4B are perspective views of the bone, fixation

screw;

Fig. 5 is a cross- sectional view of the plate;

Fig. 6 illustrates yet another embodiment of a screw and

plate assembly having a threaded plate and locking cap;

Fig. 7 illustrates a sternum closed by rigid plate fixation;

Fig. 8A illustrates a straight plate;

Fig. 8B illustrates an X -shaped plate;

Fig. 9 illustrates a friction wave plate with directional

barbs ;

Fig. 10 illustrates cortical and cancellous screws;

Fig. 11 illustrates the testing setup for cyclic load

testing of sternum fixation devices;

Fig. 12 is a displacement curve resulting from cyclic

loading of a sternum fixation device;

Fig. 13 schematically illustrates the loading forces on a

screw;

Fig. 14 illustrates the motion of a screw and plate having a

wedge interface ;

Fig. 15 schematically illustrates the effect of decreased

screw head slope and resulting forces;

Fig. 16 illustrates screw movement due to plate inner

diameter; and



Fig. 17 illustrates a screw and plate assembly with the

screw diameter matching the plate hole diameter.

DETAILED DESCRIPTION OF THE INVENTION

This application claims the benefit of United States

Provisional Application No. 61/172,060, filed on April 23, 2009,

the entire contents of which is incorporated herein by reference.

Referring to Figs. 1-5, an assembly 100 for rigid bone

fixation, and in particular, fixation of a sternum, includes a

screw 101 and a plate 103. The plate 103 has a first surface 105

and a second surface 107 and an opening 109 extending through the

plate 103 . The screw 101 is a bone screw having a head portion or

flange 111 and a threaded portion 113 . In a bone fixation

procedure, the second surface 107 of the plate 103 is positioned

adjacent to a bone portion 102. The threaded portion 113 of the

screw 101 is inserted through the plate opening 109 and screwed

into the bone 102 to anchor the plate 103 to the bone. The first

threaded portion 113, or screw shaft, can have a length of between

about 0.4-1.4 cm with an outer diameter of ~4 mm, an inner

diameter of ~2 mm, and a preferred range of pitch of 1-1.25 mm.

For other applications, such as mammalian leg bones, the mandible

bone or other bone fixture applications, the pitch or distance

between the threads (thread spacing) can be in a range of 0.8 mm

to 1 .6 mm. The depth of the threads can be in a range of 1.5 mm

to 2.5 mm. In general, the plate 103 has a plurality of openings

109 (see, e.g., Fig. 8B), and a plurality of screws 101 are

inserted through the openings 109 to anchor the plate 103 to

respective bone portions 102 in order to physically hold the bone

portions together, limiting their movement and facilitating bone

healing. In one embodiment, the present plate and screw assembly

100 is used for rigid fixation of a human or animal sternum.

In one embodiment, shown in Fig. 1 , the opening 109 in the

plate 103 has a first, larger diameter proximate the first surface

105 and a second, smaller diameter proximate the second surface



107. The threaded portion 113 of the screw 101 extends through

the smaller diameter portion of the opening 109 and into the bone

portion 102. The head portion or flange 111 of the screw is

received within the larger diameter portion of the opening 109,

but is prevented from passing completely through the opening 109

by a shoulder portion or plate retainer 115. The retainer 115 has

a planar surface that contacts a planar surface of the flange 111.

The plate opening 109 has a threaded portion 117 and an

unthreaded portion 119. The threaded portion 117 (e.g., tapped

M8xl.24, "I" drill, 0.272'') extends partially along the opening

in the axial direction, and is generally adjacent to the first

surface 105 of the plate 103. The unthreaded portion 119 of the

opening 109 extends between the threaded portion 117 and the

shoulder 115.

The head portion 111 of the screw 101 is threaded (e.g.,

M8xl.25 Die, 8 mm diameter), and threads into the threaded portion

117 of the plate opening 109. In operation, as shown in Figs. 2A-

2C, for example, the screw 101 is screwed into the plate 103 using

the matching threaded portions of the screw head 111 and the

threaded portion 117 of the plate 103 (Fig. 2A) . The screw head

111 clears the threaded portion 117 of the plate opening 109 and

enters into the unthreaded portion 119 of the opening 109 which

provides a non-limiting free space (Fig. 2B) . With no thread

interactions between the screw 101 and plate 103, the screw 101

can be fastened without plate restriction to increase the pressure

of the plate 103 to the bone portion 102 (e.g., sternum) . Here,

the screw 101 can be rotated as much as desired, and a friction

fit can be achieved. At this point, the assembly 100 is non

locking.

The screw 101 can further include a locking mechanism. In

the embodiment of Figs. 1-5, for example, the screw 101 includes a

moveable nut 121 on the head portion 111. The nut 121 has the

same outer diameter (e.g., 8 mm) and external threading (e.g.,

M8xl.25 die) as the head portion 111. The nut 121 also includes

internal threads (e.g., M3xO .5 tap, #39 tap drill, 0.0995''), and



is threaded to a threaded projection 123 (e.g., M3xO .5 die, 3 mm

diameter) that extends from the top of the screw 101, as shown in

Figs. 3A and 3B.

As shown in Figs. 2A and 2B, the nut 121 is adjacent to and

generally flush with the threaded portion of the head 111 while

both components pass through the initial threaded portion 117 of

the plate opening 109 and arrive in the unthreaded free- space

portion 119 of the plate opening 109 as a single unit. The screw

101 can thus rotate limitlessly in free-space so long as the nut

121 and head 111 remain in this single-unit configuration. The

torque feedback of the screw 101 is only from the bone 102 and is

not influenced by the plate threads. The screw head 111 engages

the plate 103 at the shoulder 115 and the rotation of the screw

101 pulls the plate 103 into intimate contact with the bone 102 .

Once the screw 101 has reached the target torque and is

ready to lock to the plate 103, the nut 121 is deployed by

rotating it relative to the threaded projection 123 on the top of

the screw 101. This rotation is in the opposite direction from

the direction of rotation during insertion of the screw into the

plate. This rotation causes the nut 121 to "back up" (i.e., move

up on the threaded projection 123) and re-engage with the threaded

portion 117 of the plate opening 109. This is illustrated in Fig.

2C.

In one embodiment, the exterior threads of the nut 121,

which engage with the plate threads, are different from the

interior threads that engage the nut with the projection 123 on

the screw 101. The threads can have slightly different pitch, for

example, so that during the backing up of the nut 121, the

difference in threads causes the nut to bind or lock up and

provide backpressure to the screw. The assembly 100 is then

locked. The locking can be accomplished within a half to a full

turn of the nut 121.

The screw/plate assembly 100 allows a full friction fit in

addition to restricting screw loosening in the plate .



To remove the screw 101, the nut 121 is rotated back down

the threaded projection 123 and onto the top of the head portion

111. This unlocks the screw 101 from the plate 103. The entire

screw 101 can then be rotated in the reverse direction of Fig. 2A

to remove the screw from the bone and plate .

As shown in Figs. 4A and 4B, the nut 121 and threaded

projection 123 can include respective grooves 125, 127 or other

features to enable the screw 101 and nut 121 to be rotated

together during insertion and removal of the screw 101, as well as

for the nut 121 to be rotated separately for locking and unlocking

of the screw to the plate .

In the embodiment of Figs. 1-5, the interface between the

screw 101 and plate 103 is substantially planar, though it will be

understood that alternative configurations, such as a beveled or

rounded interface can be employed. An advantage of certain

embodiments is that the locking mechanism restricts relative

motion between the screw 101 and the plate 103 in the axial

direction, which prevents undesirable rotation of "wobbling" of

the screw relative to the plate and minimizes or eliminates micro-

motion issues.

In another embodiment, only the nut 121 includes external

threads that mate with the threaded portion 117 of the plate

opening 109, and the head portion 111 of the screw 101 is

unthreaded. This embodiment operates substantially as described

above in connection with Figs. 1-5.

Fig. 6 illustrates yet another embodiment of a screw and

plate assembly 150 having a threaded plate 153 and locking cap

155. In this embodiment, the screw 151 is not threaded on the

head portion of the screw. The screw 151 is inserted through the

plate hole and tightened, with the screw head being received by a

beveled shoulder in the plate 153 . Once the screw 151 is

sufficiently tightened, a locking cap 155 having external threads

is threaded onto the plate 153. The cap 155 prevents the screw

151 from rotating or wobbling relative to the plate 153 .



The screw and plate can be made from any suitable

biocompatible materials. In general, the materials have high-

strength and are generally rigid, although some flexibility and

compliance may be beneficial. Suitable materials include, for

example, titanium and stainless steel.

The present invention is directed to a method of rigid

fixation of a sternum. The anatomy of an adult human sternum 200

is shown in Fig. 7 . The sternum is also known as the breastbone

and occupies the central anterior thorax. In conjunction with the

first seven pairs of ribs, it encapsulates the heart and lungs.

The average length of the sternum in adults is 17 cm. Because the

sternum encloses the lungs, it must be capable of flexing during

inhalation and expiration. Thus, the sternum contains a high

percentage of spongy trabercular cancellous bone, with a thin

cover shell of dense, compact cortical bone.

In a sternotomy procedure, the sternum is bisected

longitudinally along its center and retracted to access the

thoracic cavity. Once the primary operation is complete, the

surgeon follows with sternal fixation, in which the halves of the

sternum are fixed together so that the bone will heal properly.

In one embodiment, a method of rigid sternum fixation uses a plate

and screw assembly such as shown and described in connection with

Figs. 1-6. An example of a sternum 200 closed by rigid plate

fixation is illustrated in Fig. 7 . A plurality of plates 103 are

affixed to the sternum 200 using screws 101 and hold the two

halves 200a, 200b of the sternum in place while it heals. Each

plate 103 is fixed to the bone using a plurality of screws 101

inserted through holes in the plate. Generally, at least three

and preferably four or more screws, distributed on either side of

the sternum bisection, are utilized to attach the plate. Rigid

plate fixation offers advantages over other techniques, such as

wire fixation, because it physically holds the bone portions

together during the healing process, limiting their relative

movement and not disrupting the blood supply in the region.



Plates are usually designed and manufactured specifically

for a clinical application. Due to the large variety of bone

shapes and sizes within the body, there are several different

types of rigid fixation plates that can be used. For example,

there are straight plates, X -shaped plates, wave plates, and

friction plates. Figs. 8A and 8B illustrate exemplary embodiments

of a straight (Fig. 8A) and an X -shaped (Fig. 8B) plate.

X -shaped plates may be an effective option for sternal

fixation due to the fact that they enable multiple screws to pass

through the center of the bone.

Wave plates are a variation of the straight fixation plate,

and are widely used in long bone compression fixation. These

plates are beneficial because they do not apply compressive forces

directly to the fracture site. Applying extensive compressive

forces to the wound site can increase vascular disruption to the

wound site, limiting the blood supply to the wound site and

increasing healing time. Although this design is usually applied

to large cortical bones, it can be useful for decreasing the

healing time of a very vascular bone such as the sternum.

The friction (or adhesive) plate system adds ridges to the

undersurface of the plate, increasing the plate -bone contact area

and effectively decreasing the stresses on the screws used in the

system by as much as a third. These plates come in a variety of

shapes and sizes, and can be added to almost any plate and screw

system, creating a very versatile system. By minimizing the

motion between the plate and the bone, stress protection in that

region of bone can be greatly reduced. Although this system has

not been widely accepted, it can be very advantageous for sternal

fixation, since the screws that are used are much smaller and have

much more cyclic loading than plate systems elsewhere in the body.

In one embodiment, a rigid fixation assembly includes a

friction wave plate 300 as schematically illustrated in Fig. 9 .

The plate 300 has directional barbs 303 that distribute the

lateral loads over the entirety of the plate to bone surface. By

including these small anchors, the press fit may be slightly



relaxed to improve bone vascularity. The concern of a locking

system leveraging is reduced since the plate does not solely rely

on one point of purchase, but on many distributed points. The

center break where the sternum halves reunite include a slight

wave 305 to guarantee no pressure is compromising the healing

factors .

Rigid bone fixation is possible mainly due to a large

variety of bone screws, and over the past 20-30 years the bone

screw has become the most commonly used orthopedic implant device .

Without these screws, many types of rigid fixation would be much

less effective or even impossible. Each type of screw is uniquely

designed for its specific clinical purpose. Several parameters

are taken into consideration when choosing a screw, including the

health of the bone at the wound site (osteoporotic or healthy) ,

the location of the fracture (long bone, short bone, flat bone

etc) , the density of the bone (cortical or cancellous) and they

type of fracture. A majority of orthopedic bone screws are

categorized as cortical or cancellous, partially or fully

threaded, solid or cannulated, self-tapping or non- self -tapping.

The cortical or cancellous properties of the screw are

determined based on the density of the bone that the screw is

being applied to. Cortical screws are very similar to metal

screws found in a local hardware store- -they have a very high

thread count, with a very low thread depth and pitch. Because

they are used in the hardest, highest density type of bone, thread

penetration is not very important, but it is vital that the

threads stay in constant contact with the bone surrounding it.

Conversely cancellous screws are very similar to wood screws,

boasting deeper thread penetration to maximize stabilization in

the low density cancellous bone.

Stabilization of an implant or plate is greatly dependant on

the bone-screw interface. The screws in a rigid fixation system

function as stabilizers by exerting a compressive force on the

plate and onto the bone. The screws also provide resistance to

shear forces when the plate is loaded axially. The different



parts of the screw (e.g., head, core and thread) serve to achieve

the functions of providing compressive force and maintaining

purchase in the bone material . The head of the screw functions to

transmit the insertion torque to the core and threads and to

provide a stop when the head contacts the bone surface. Once the

screw head has contacted the bone, the torque exerted on the

threads through the head generates a compressive force. In

locking plate systems, the head is also threaded such that it

locks into respective threads on the plate. This system limits

the torque to which the screw can be tightened as well as prevents

wobble of the screw.

The core is the screw shaft that the threads wrap around. A

screw is defined by a major diameter that is measured from the

outside of the threads on one side to the outside of the threads

on the other as well as a minor diameter that defines the smallest

diameter of the shaft at the base of the threads that represents

the core . The length of the core is of particular interest in its

application to the sternum. Screws can be categorized as

unicortical or bicortical (in which the end of the screw is

embedded into the innermost cortical layer) . Bicortical insertion

can provide greater stability with respect to both wobble and

pullout, but can also cause damage to the bone and to tissue

and/or organs beyond the bone .

The screw thread is defined by its depth (difference between

the major and minor diameter) and its pitch. The thread depth is

what responsible for thread purchase as it represents the area of

the screw that is interacting with the bone. The thread is a

helical ridge that is wrapped around the core. Its function is to

convert rotation into translational movement. The cross section

is a series of ramps. Together with the helical shape, when

rotated the triangular cross section functions as an inclined

plane that provides a mechanical advantage in moving through the

bone and to maintain a compressive force. The thread pitch is

defined as the distance between threads on the screw.



Screw anatomy can be modified to work most effectively in

different types of bone. The use of screws in bone fixation has

directed screw design to either cortical or cancellous

application. Cortical screws are designed for purchase in dense

bone with shallow threads cut at about 60° and decreased pitch.

Cancellous screws typically follow a wood screw' s design that

includes a tapered outside diameter for easier insertion and wider

threads to increase purchase in less dense and compressive bone.

Each of these screw types can be seen in Fig. 10.

When coupled with a plate, the screw design becomes more

complicated. For internal fixation of fractures, the plate and

screw system should hold any force that would normally be applied

to the bone while maintaining its position. This loading can

happen in two ways, either by the frictional contact between the

plate and the bone or the interaction between the shaft of the

screw and the bone. If the primary mechanism of loading relies on

the screws, than the contact interface between the plate and the

shaft of the screw may cause the screw to bend in cyclic loading.

Screw bending will rapidly result in the early fatigue failure of

the screw. Because of this, the preferred mechanism of loading is

for the plate to be friction fit with the cortical bone.

Rigid fixation methods are used throughout the body, however

as previously discussed, they are not commonly practiced on

sternum. There are many screw plate systems each designed to

accommodate a specific bone's aspect, such as pelvic plating

systems, which allow screws to be installed at various angles to

maximize rigidity. However, the sternum is different from other

bones due to the continuous applied loads from breathing.

Additionally, the sternum cannot be voluntarily immobilized during

the recovery period. In order to identify the effective options

for rigid sternal fixation, the mechanisms of loosening and

failure due to lateral cyclic loads can be investigated.

Cyclic testing was performed to compare the performance of

commercially available screw types for rigid sternum fixation.

Testing was also performed using an embodiment of a present



plate/screw assembly that allowed locking of the screw after a

complete friction fit is achieved.

Four non- fixed human sternums with varying degrees of

osteoporosis were bisected lengthwise and cut laterally into

strips. Bone fixation plates were attached to the samples and

cyclically loaded. Cyclic testing was performed using an

Electroplus E-1000 uniaxial mechanical test device (Instron ).

Testing consisted of cycling between 0 and 50 N at a rate of 2 Hz

for 15,000 cycles. The bone pieces were potted in a PVC cap with

epoxy. A custom grip was used to hold and vertically load the

plate. Local distraction between the plate was measured using an

extensometer.

Cancellous and cortical pelvic screws and pedicle screws

with locking and non- locking heads provided by Stryker were

cyclically tested. An example of the present plate/screw assembly

(Embodiment A ) was also tested. The screws were paired and tested

down the length of the sternum. Fig. 11 illustrates the testing

setup .

MicroCT measurements with a resolution of 15 µm were made on

each sample to determine the local bone density and to view the

mechanism of loosening within the bone.

The initial (10 cycle) and final (15,000 cycle) displacement

data were analyzed statistically using a two-way ANOVA with screw

type and bircortal or unicortal purchase as the factors (p<0.05

considered significant) .

Most of the loosening was observed in the first 10 cycles.

After approximately 2000 cycles, where is a slow increase in

displacement that continues for the next 13000 cycles. A typical

displacement curve resulting from cyclic loading is shown in Fig.

11.

In the initial 10 cycles, the displacement of screw types

were not significantly different. Though unicortical attachment

had a significantly larger displacement compared to bicortical

(1.05 mm vs. 0.3 6 mm, p=0.015) . The screw type appears to affect

the final displacement following the 15,000 cycles more so than



the number of cortices anchored. The mean data of groups is

expressed in Table 1.

Table 1 : Summary of displacement data (mm, mean±SD)

Unicortical Purchase

Pelvic Pedicle Pedicle Pelvic Embodiment
Cancellous Locking Cortical Cortical A

Initial 1.43 0.261 0.534 1.01 0.183
±0.411 ±0.022 ±0.501 ±0.555 ±0.084

Final 2.69 1.54 1.57 1.15 0.458
±0.104 ±0.69 ±1.23 ±0.721 ±0.182

Bicortical Purchase

Pelvic Pedicle Pelvic
Cancellous Cortical Cordical

Initial 0.421 0.216 0.256
±0.102 ±0.129 ±0.127

Final 3.31 0.355 0.625
±1.65 ±0.313 ±0.584

The final mean displacement of cancellous screws was

significantly larger than cortical (2.60 mm vs. 1.17 mm, p=0.039).

The Embodiment A screw outperformed the others, often with a lower

final displacement (after 15,000 cycles) than the initial

displacement of the other groups (at 10 cycles) .

The findings indicate that both screw type and cortical

purchases are important parameters for a screw-plate system for

sternal closure in osteoporotic patients. Though the sternum is

mostly cancellous bone, osteoporotic cancellous bone is generally

too weak for adequate fixation. Pullout test within the

cancellous region of the sternum quantified the low strength of

this bone. Cortical screws demonstrate greater resistance to

transverse loading due to additional thread purchase into the

cortical layers .

Bicortical purchase minimized displacement during cyclic

loading by two mechanisms. First, the screw is loaded against two

relatively rigid structures changing the loading from a singe to

double shear model, limiting screw wobbling and bone damage.

Second, the total amount of thread purchase in cortical bone

increases.



However, bicortial purchase may not be clinically

recommended due to the risk of injuring the heart. Unicortical

locking screws can be used to restrict screw wobbling, yet once

secured to the plate it cannot be further tightened it cannot be

further tightened to the bone thus limiting the friction fit.

Unicortical non- locking screws provide a friction fit, but are

susceptible to wobbling and early loosening.

The plate/screw assembly of one embodiment of the present

invention advantageously utilizes a non- locking screw with a post-

locking mechanism that changes between a non- locking and locking

mode. As discussed above, the screw is fastened into a partially

threaded plate past the threaded portion of the hole and into the

threadless free space. At this time with no thread interactions,

the system is non- locking and the screw may be fastened without

restriction to achieve friction fit. When the screw is ready to

be locked in the plate, a locking mechanism is engaged. This

system satisfies the goal of allowing a full friction fit in

addition to restricting screw loosening in the plate.

In one embodiment, the present screw includes a cortical

pitch with increased thread depth. A screw design specifically

for the sternum, which is composed of cancellous bone between two

layers of cortical bone, includes screw parameters designed for

both cortical and cancellous bone types. It is important in

cancellous bone to have as much bone as possible captured between

the screw threads for maximum purchase as larger volumes of bone

surrounding the screw increases resistance to backout . Screw

parameters such as thread depth, shape, and pitch can be designed

for specific types of cancellous bone to optimize this volume.

The loosening of screws is due to two types of forces, as

shown in Fig. 13. Vertical forces result in pullout of the screws

while horizontal, or axial, loading forces, results in loosening

through force passed through the plate, which places stress on the

bone, cutting it over cyclic loading.

The rigid sternal fixation design is comprised of a plate

and screw interface. Multiple screws anchor the rigid plate



against the sternum halves. The design consists of three

interfaces that influence mechanical loading: screw to plate,

screw to bone, and plate to bone. The design alternatives are

based off the design criteria and the mechanisms of loosening

identified from the tests.

The screw to plate interface is concerned with the degree of

freedom the screw is permitted after installation. A conventional

locking screw and plate limits the pressure of the plate to the

bone due to premature locking. If the plate is floating atop and

not securely pressed against the bone, the cyclic forces apply

additional leverage against the bone. By using a non-locking

mechanism the plate can be pressed against the bone as much as the

screw can be tightened. However a screw that locks into the plate

remains rigid.

The Stryker pelvis plate systems, for example, were designed

to allow the screw to freely pivot approximately 30° within the

plate. Experimental results indicate this pivoting mechanism

provides poor rigid fixation. The screw is designed to be loaded

traverse, however if the screw is pivoted to a certain extent the

screw is loaded similar to a pullout. As the screw pivots the

softer cancellous bone becomes gouged and destroyed. Screws that

maintain a permanent angle with the plate distribute the cyclic

forces evenly throughout both the cortical and cancellous bone.

Accordingly, the screw to plate interface should keep the

screw at a fixed angle in the plate. One option to achieve this

is to use a thicker plate with a fitted shoulder directing the

screw perpendicular to the plate. Another design incorporates an

additional locking cap component. A non-locking screw is

installed followed by a threaded cap that provides direct parallel

pressure to the cap of the screw preventing any pivoting or motion

once. A third design is similar to the second however rather than

an additional screw on cap, a thin rigid bar is slid into place.

The results indicate cortical threads minimize displacement

better than cancellous threads. Even though the sternum is

composed more of cancellous than cortical bone, the cancellous



region being osteoporotic does not exhibit significant structural

integrity. The screw design is primarily focused on achieving the

greatest fixation in the cortical bone layer. The cancellous

screws had an insufficient number of threads in the cortical bone;

a high thread density screw permits greater thread surface to

cortical bone. The screw threads are the primary fixation source

of the entire plate system and must securely bite into the

cortical bone.

The thread design should maximize cortical surface contact,

generally with only one cortex, and make do with the spongy

cancellous region. One screw design uses a high thread density

with a smaller outer diameter at the tip. The smaller diameter is

intended to lightly anchor into the second cortical layer, while

the remaining screw is wider and fixates to the remaining bone.

Another design maintains a constant outer diameter size with a

decreasing inner diameter, in which the screw core tapers in the

distal direction of the screw cap. A third design has a lower

thread density to offer enough distance for the threads to curve

slightly backwards, acting as barbs clinching against the bone.

Yet another design uses a corkscrew as a means of gripping into

the bone as opposed to threads .

The interface between the plate and the bone consists of the

surface area contact when the plate is compressed against the

bone. In the effort to minimize local distraction between the

bone halves a plate that resists shear loading against the bone is

desirable. In certain embodiments, this can be achieved through

use of a friction plate. In the specific case of a sternotomy,

the periosteum covering the sternum is not usually removed,

resulting in indirect contact of the plate and the bone . The

plate to bone tightness generally depends on the fixation of the

screw, however a higher friction coefficient reduces the plate

sliding on the periosteum of the sternum option proposed having a

plate with similar roughness to a filer.

Excessive pressure against the bone from another surface may

increase a vascularity causing osteonecrosis. This interface has



clashing constraints with the need for press- fit to prevent screw

plate leveraging while simultaneously ensuring the bone properly

heals .

Results of axial testing have shown that screw head design

is an important parameter in system loosening. The screw head

design determines the interaction between the screw and the plate.

For example, a screw head having a rounded or beveled bottom

surface is able to rotate or pivot freely in the plate, as seen in

Fig 14. Instead of moving the plate and screw together, only the

screw is loaded. Due to a wedge-type action between the screw and

the plate, the screw is forced away from the bone. Axial loading

then pull on the screw in a pull-out mechanism instead of lateral

loading. The smaller the wedge angle, the less wedge leverage is

available to pull the screw out, as seen in Fig. 15.

Another design parameter observed to have an effect on

loosening, particularly loosening due to initial loading, is the

difference between the inner diameter of the screw and the inner

diameter of the plate. Typically, the minimum inner diameter of

the plate hole is the outer diameter of the screw so that the

screw can pass through. The screw is centered by the contour of

the screw head to the plate. If the threads are deep, the inner

diameter of the screw is much smaller than the diameter of the

plate hole. During axial loading, the screw will be pulled

axially with immediate displacement occurring to the gap between

the centered screw and the edge of the plate (Fig 16) .

It is therefore concluded that a mechanism that keeps the

screw generally perpendicular to the plate is desirable. This

mechanism can be provided by a locking screw design,- however, the

major limitation of locking screws is the inability to control the

amount of torque applied to the screw and the purchase into the

bone as the torque will be limited by the locking mechanism in the

screw head. The locking effect can be achieved by making the

inner diameter of the screw as large as the diameter of the plate

(Fig. 17) . A screw/plate system is proposed in which the plate is

threaded to allow the screw threads to pass through. There is a



section of the screw right before the screw head that does not

have threads but is as wide as the thread diameter, with the

concept of having the inner diameter of the screw be as close as

possible to the inner diameter of the plate.

The advantages to bicortical purchase include greater

ability to tighten the screw to higher torques providing higher

plate compressive forces and greater resistance to axial loading.

However, in the application of rigid fixation of the sternum,

there is a great preference not to use bicortical purchase due to

proximity of the heart. There are also problems that arise when

trying to use a screw bicortically in osteoporotic bone. Due to

the lack of support of cancellous bone in an osteoporotic sternum

that only weakly holds the cortical layers together, the second

cortical layer can either be drawn upwards (compressing the

sternum) or pushed downwards (expanding the sternum) by the screw,

thus damaging the bone. If screws are to be used bicortically,

then predrilling must also be bicortical, increasing risk of

injury to the heart. Therefore, the ability to minimize local

distraction with only unicortical purchase is greatly beneficial.

Much of the quantitative data and observed mechanisms of

loosening were unexpected. Cortical screws proved to be more

resilient against cyclic lateral loading than cancellous even

though the sternum is largely structured form trabecular

cancellous bone. Though bicortical is generally not an acceptable

practice and may cause profound damage to the cancellous region,

limiting screw pivoting appears to benefit rigid fixation.

There is still concern of poor press fit from locking screw

due to early unwanted locking. However, the non- locking screw

results suggest the need for a screw to remain fixed in its

complementing plate to limit the screw from pivoting in the plate

and loosening. Non- locking screws are able to achieve full press -

fit, however, are susceptible to screw pivoting leading to loss of

fixation.

There were two concerns of wobbling: non- locking screws

pivot within the plate whereas locking screws do not pivot in the



plate but can lever the entire plate. The present antiwobble

screw-plate assembly combined the needed press -fit to securely

fasten the plate against the bone and a locking mechanism to

prevent the screw for pivoting in the plate. Testing demonstrated

that the combination of full press -fit and locking of the screw to

plate significantly reduced the dehiscence produced by lateral

cyctic loads more than these each of these mechanisms could do

independently .

One embodiment of the present backout- locking system

combines the thread density of a cortical screw with cancellous

thread blades to maximize contact with the cortical bone layer.

The screw head incorporates the antiwobble concept and is designed

to toggle between a non- locking and locking mode within the plate

compartment. This allows for the user to fasten the screw without

any plate restriction to achieve full press -fit and to follow-up

with locking the head into the plate to prevent pivoting. The

overall findings and observations indicate the best option of

rigid plate fixation for osteoporotic sternum is the backout -

locking screw-plate system.

While the invention has been described in connection with

specific methods and apparatus, those skilled in the art will

recognize other equivalents to the specific embodiments herein.

It is to be understood that the description is by way of example

and not as a limitation to the scope of the invention and these

equivalents are intended to be encompassed by the claims set forth

below.



CLAIMS

What is claimed is:

1 . A sternal bone fixation device comprising:

a plate having a plurality of holes;

a plurality of threaded screws to attach the plate to a

sternum bone; and

a screw cap that attaches to the plate.

2 . The device of claim 1 wherein the screw cap is attached to

the screw.

3 . The device of claim 1 wherein each hole comprises a first

threaded section, a wider diameter nonthreaded section and a

narrow diameter section.

4 . The device of claim 1 wherein the screw has a threaded

length in a range of 0.4 to 1.4 cm.

5 . The device of claim 1 wherein the plate has at least three

holes.

6 . The device of claim 1 wherein the plate has at least four

holes .

7 . The device of claim 1 wherein the plate has a plurality of

at least four holes positioned to attach to a human sternum.

8. The device of claim 1 wherein the plate has a plurality of

holes positioned to attach to a mandible bone.

9 . The device of claim 1 wherein the plate has a plurality of

holes positioned to attach to a mammalian leg bone.



10 . The device of claim 1 wherein the screw has a thread spacing

in a range of 0.8 to 1.6 mm.

11 . The device of claim 1 wherein the screw has cortical bone

thread.

12 . The device of claim 1 wherein the screw comprises a first

threaded section, a larger diameter section to engage the

plate and a second threaded section.

13 . The device of claim 1 wherein the cap is attached to the

screw.

14 . The device of claim 1 wherein the cap is attached to the

plate.

15 . The device of claim 1 wherein the threads have a depth in a

range of 1.5 to 2.5 mm.

16. The device of claim 1 wherein the larger diameter section

comprises a flange.

17 . The device of claim 12 wherein the second threaded section

mates with an inner thread of the cap.

18. The device of claim 1 wherein the plate comprises a metal.

19 . The device of claim 1 wherein the plate comprises at least

two holes on a first side to attach to a sternum bone on a

first side of a patient's sternum and at least two holes on

a second side of the plate to attach to a second side of the

patient's sternum.



20. The device of claim 3 wherein the narrow diameter section

comprises a plate retainer that contacts the flange on both

sides of the screw.

21. The device of claim 1 wherein the plate further comprises a

plurality of barbs .

22 . The device of claim 1 wherein the screw threading has a

length to engage a first cortical layer and second cortical

layer.

23 . The device of claim 1 further comprising a screw engaging a

cortical layer and cancellous bone layer.

24 . The device of claim 1 wherein the cap contacts the plate to

press the screw against a plate retainer.

25. A method of manufacturing a bone fixation device comprising:

threading a screw at a first threaded portion; and

threading the screw at a second threaded portion separated

by a flange from the first threaded portion.

26. The method of claim 25 further comprising threading a cap to

engage the second threaded portion of the screw.

27. The method of claim 25 further comprising forming a plate to

receive a plurality of screws .

28. The method of claim 25 further comprising forming a sternum

fixation plate.

29. The method of claim 25 further comprising forming a plate

having a t least four screw holes .



30. The method of claim 25 further comprising forming a plate

having a hole with a threaded section an internal cavity and

a retainer element.

31. The method of claim 25 further comprising forming a cap that

attaches to the plate.

32. The method of claim 31 further comprising threading the cap

on an internal diameter.

33. The method of claim 31 further comprising threading the cap

on the outer diameter.

34. The method of claim 31 further comprising attaching the cap

to the screw.

35. The method of claim 25 further comprising forming a

surgically implantable device.

36. The method of claim 33 wherein the outer diameter threading

of the cap mates with threading on the plate.

37. The method of claim 25 wherein the threads of the screw have

a depth in a range of 1.5 mm to 2.5 mm.

38. The method of claim 25 wherein the threaded portion of the

screw has a length of 0.4 cm to 1.4 cm.

39. The method of claim 25 wherein the flange of the screw is

externally threaded.

40. A method of bone fixation comprising:

inserting a screw into bone to attach a plate; and

locking the screw to the plate .



41. The method of claim 40 further comprising attaching a first

sternum bone to a second sternum bone .

42. The method of claim 41 further comprising using a plurality

of plates to attach the first bone to the second bone.

43. The method of claim 40 further comprising inserting the

screw into a cortical layer and a cancellous bone layer.

44 . The method of claim 43 further comprising inserting the

screw into a second cortical layer.

45. The method of claim 40 further comprising locking the screw

to the plate with a cap.

46. The method of claim 40 wherein the screw attaches to bone

with a thread spacing in a range of 1 mm to 1.25 mm.

47. The method of claim 40 wherein a cap is internally threaded

to attach to a second threaded region of the screw, the cap

being rotated to engage the plate.

48. The method of claim 40 further comprising rotating the screw

into a bone until a crew flange engages the plate and the

plate contacts the bone.

49. The method of claim 47 further comprising rotating the cap

such that external threading on the cap engages threading on

the plate .

50. A bone fixation device comprising:

a plate having a hole ;

a threaded screw; and

a screw cap that attaches to the plate .



51. The device of claim 50 wherein the screw cap is attached to

the screw.

52. The device of claim 50 wherein the hole comprises a first

threaded section a wider diameter nonthreaded section and a

narrow diameter section.

53. The device of claim 50 wherein the screw has a threaded

length in a range of 0.4 to 50.4 cm.

54. The device of claim 50 wherein the plate has at least three

holes .

55. The device of claim 50 wherein the plate has at least four

holes.

56. The device of claim 50 wherein the plate has a plurality of

at least four holes positioned to attach to a human sternum.

57. The device of claim 50 wherein the plate has a plurality of

holes positioned to attach to a mandible bone.

58. The device of claim 50 wherein the plate has a plurality of

holes positioned to attach to a mammalian leg bone.

59. The device of claim 50 wherein the screw has a thread

spacing in a range of 0.8 to 1.6 mm.

60. The device of claim 50 wherein the screw has cortical bone

thread .

61. The device of claim 50 wherein the screw comprises a first

threaded section, a larger diameter section to engage the

plate and a second threaded section.



62. The device of claim 50 wherein the cap is attached to the

screw.

63. The device of claim 50 wherein the cap is attached to the

plate.

64. The device of claim 50 wherein the threads have a depth in a

range of 1.5 to 2.5 mm.

65. The device of claim 50 wherein the plate is adapted to

attach to a sternum bone .
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