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(57) Abstract: The present invention provides plate systems for distracting and fixating vertebral bodies of animal (preferably hu -
v man) spines. In some embodiments, the system includes: a biocompatible plate with at least two holes, at least two biocompatible

o distraction screws for insertion through the holes, each screw having an expandable head, a bore and a threaded shank, and at least
two biocompatible fixating screws with threaded shanks. Insertion of the fixating screws into the distraction screws causes the ex -
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teeth configured to lock the expandable heads to the plate upon expansion of the expandable heads. The present invention also
relates to use of the plate system to distract and fixate vertebral bodies.



INTERNATIONAL PATENT APPLICATION

DISTRACTION PLATE SYSTEM

[0001] T e present inve on relates to plate systems for use in fixing vertebral bodies

BACKGROUND OF THE INVENTION

[ Removing a erniate disc is a common spinal procedure. The procedure involves

placing large temporary bone screws, called distraction screws into he vertebral bodies directly

above and below the diseased disc space in the spine. Once inserted, he surgeon uses fee

distraction screws to realign fee vertebral bodies into fee desired anatomical relationship and to

temporarily distract the vertebral bodies (or more them apart) so as to permit work within fee

intervening disc space. T e herniated disc is removed and natural or synthetic bone graft material

is placed into the evacuated space. The temporary distraction screws are then removed fr o the

vertebral bodies. Next, fee surgeon secures a plate to the vertebral bodies to maintain their

position using two implantable bones screws, which are screwed into the vertebral bodies.

0003] Removal of fee temporary distraction screws is problematic for a number of reasons.

First, removal from the vertebral bodies usually produces significant bleeding. Second, fee

empty distraction holes act as stress concentration points within the vertebral bodies, increasing

the likelihood of fracture. Third, the empty holes often interfere with proper placement of the

implantable screws and the associated plate. Finally if another surgery on an adjacent area later

becomes necessary, the surgery will require re-dissection through fee scarred operative field of

the initial procedure, significantly increasing the operative risk of the second procedure for the

patient.

[0004] There have been prior attempts to address some of the issues associated with removal of

distraction screws. For example, U.S. Patent No. 7,476 228 ("the 22 describes a po yax al

locking screw assembly, in which the distraction screws are also used to secure the plate to the

vertebral body. Although the system of the 228 patent eliminates fee need for separate



distraction and plate screws, the screws may allow the vertebral bodies to ove too uch. This

is obviously problematic, as the principal purpose of the plate is to fix the vertebral bodies into

place.

| S] Thus, there is a desire for new apparatuses for spines that minimize the number of screws

and also robustly fix the position of the plate (and attached vertebral bodies).

BRIEF SUMMARY

[0006] The present disclosure provides plate system for distracting and fixating vertebral bodies

comprising:

a) a biocompatible plate comprising a top surface, a bottom surface configured to

confront a vertebral body and at least two generally circular holes, each hole comprising a length

extending from the top surface to the bottom surface, a diameter, a circumference, and a plurality

of teeth spaced evenly about the circumference;

b) at least two biocompatible distraction screws, each biocompatible distraction

screw comprising an expandable head, the expandable head generally circular in shape and

comprising a circumference, a diameter and a plurality of teeth spaced evenly about the

circumference and configured to engage the teeth of one of the generally circular holes, a shank

comprising threads located on an exterior surface of the shank, a length extending from the head

to the shank, and a generally circular bore comprising a top end located in the head, a bottom end

located in the shank, and threads spaced about the generally circular bore (which may extend

from the top en d to the bottom end of the generally circular bore); an d

c) at least two biocompatible fixating screws, each biocompatible fixating screw

comprising a head and a shank comprising threads located on an exterior surface of the shank,

each shank of each biocompatible fixating screw configured to be received in one of the

generally circular bores and mate with the threads of the bore,

wherein the expandable heads have a radially collapsed state in which the circumferences of the

expandable heads are less than the circumferences of the generally circular holes and the

diameters of the expandable heads are less than the diameters of the generally circular holes,

wherein the expandable heads have a radially expanded state in which the circumferences of the

expandable heads are substantially equal to the circumferences of the generally circular holes

and the diameters of the expandable heads are substantially equal to the diameters of the

generally circular holes, an d

further wherein insertion of the fixating screws into the distraction screws causes the heads of the

distraction screws to move from the radially collapsed state to the radially expanded state.



[0007] Optionally, the teeth of the plate holes are adjacent to the plate top surface. Optionally,

the teeth of the plate holes are below the plate top surface. Optionally, each generally circular

bore tapers in diameter from the bore top end to the bore bottom end. Optionally, each generally

circular hole of the plate decreases in diameter and circumference from the plate top surface to

the plate bottom surface. Optionally, each generally circular bore comprises a height extending

from the bore top end to the bore bottom end and further wherein the threads of each generally

circular bore extend substantially along the bore height. Optionally, the heads of the fixating

screws are substantially co-planar with the heads of the distraction screws and the top surface of

the plate after screwing the fixating screws into the distraction screws. Optionally, the fixating

screws are located in the generally circular bores and the distraction screw heads are in the

radially expanded state. Optionally, the fixating screws are located in the generally circular

bores and the heads of the fixating screws are substantially co-planar with the heads of the

distraction screws and below the top surface of the plate. Optionally, the lengths of the

distraction screws are greater than the lengths of the generally circular holes so that the heads of

the distraction screw heads are co-planar with the top surface of the plate after insertion of the

distraction screws into the vertebral bodies. Optionally, one distraction screw shank is located in

a vertebral body of an animal (e.g., a human), the other distraction screw shank is located in

another (i.e., a different) vertebral body of the animal, and the heads of the distraction screws are

in the radially expanded state. Optionally, the vertebral bodies are fixed relative to the plate

upon screwing the fixating screws into the distraction screws. Optionally, each distraction screw

is positioned in one of the generaliy circular holes, and each fixating screw is positioned in the

bore of one of the distraction screws. Optionally, each expandable head comprises a plurality of

grooves. Optionally, the plurality of grooves traverse the expandable head. Optionally, the

plurality of grooves on each distraction screw extend into the shank of the distraction screw.

Optionally, each generally circular bore is located in the center of an expandable head when the

expandable head is in the radially expanded state. Optionally, the system further comprises at

least two screw drivers, each screw driver comprising a top end comprising a handle an d a

threaded bottom end configured to mate with the threads of a generally circular bore of one of

the distraction screws. Optionally, each generally circular bore of each biocompatible distraction

screw further comprises a circumference and each head of each biocompatible distraction screw

farther comprises a circumferential groove extending about the circumference. Optionally, the

system further comprises at least two screw drivers, each screw driver comprising a top end



comprising a handle, a bottom end, and a flange configured to mate with a circumferential

groove of a biocompatible distraction screw.

[0008] The present invention also provides a method of fixating a plurality of vertebral bodies

(that are preferably located in a human or other animal being operated on) n some

embodiments, the method includes:

a) providing the plate system;

b) using the scre drivers to drive each distraction screw into a vertebral body by

placing the bottom end of each screw driver into a distraction screw (preferably into the

generally circular bore of the distraction screw) and rotating the handle of the screw driver (i.e.,

screwing the distraction screws into the vertebral bodies);

c } placing the plate over/onto the vertebral bodies such that each distraction screw is

located in a generally circular hole;

d) removing the screw drivers from the generally circular bores; and

e) radially expanding the expandable heads and fixating the plate to the vertebral

bodies by inserting the fixating screws into the generally circular bores and rotating the fixating

screws relative to the distraction screws (i.e., screwing the fixating screws into the distraction

screw bores).

[0009] Optionally the method further includes usin the screw drivers to distract the vertebral

bodies (i.e., increase the distance between the vertebral bodies) prior to step d). Optionally, the

method further includes adding bone graft material between the vertebral bodies after distracting

the vertebral bodies.

[00 ] In other embodiments, the plate system includes:

a) a biocompatible plate comprising a top surface, a bottom surface configured to

confront a vertebral body and at least two generally circular holes, each hole comprising a length

extending from the top surface to the bottom surface, a diameter, and a circumference;

b) at least two biocompatible distraction screws, each biocompatible distraction

screw comprising an expandable head, the expandable head generally circular in shape and

comprising a circumference, a diameter and a plurality of grooves traversing the expandable

head, a shank comprising threads located on an exterior surface of the shank, a length extending

from the head to the shank, and a generally circular bore comprising a top end located in the

head, a bottom end located in the shank, and threads spaced about the generally circular bore

(which may extend from the top end to the bottom end of the generally circular bore) and



c) at least two biocompatible fixating screws, each biocompatible fixating screw

comprising a head an d a shank comprising threads located on an exterior surface of the shank,

each shank of each biocompatible fixating screw configured to be received in a generally circular

bore and mate with the threads of the generally circular bore,

wherein the expandable heads have a radially collapsed state in which the circumferences of the

expandable heads are Jess than the circumferences of the generally circular holes an the

diameters of the expandable heads are less than the diameters of the generally circular holes,

wherein the expandable heads have a radially expanded state in which the circumferences of the

expandable heads are substantially equal to the circumferences of the generally circular holes

and the diameters of the expandable heads are substantially equal to the diameters of the

generally circular holes, and

further wherein insertion of the fixating screws into the distraction screws causes the distraction

screw heads to move from the radially collapsed state to the radially expanded state.

[0011] Optionally, each generally circular bore tapers in diameter from the bore top end to the

bore bottom end. Optionally, each generally circular hole of the plate decreases in diameter and

circumference from the plate top surface to the plate bottom surface. Optionally, each generally

circular bore comprises a height extending from the bore top end to the bore bottom end and the

threads of each generally circular bore extend substantially along the bore height. Optionally, the

heads of the fixating screws are substantially co-planar with the heads of the distraction screws

and the top surface of the plate after screwing the fixating screws into the distraction screws.

Optionally, the fixating screws are located in the generally circular bores and the distraction

screw heads are in the radially expanded state. Optionally, the fixating screws are located in the

generally circular bores and the heads of the fixating screws are substantially co-planar with the

heads of the distraction screws and below the top surface of the plate. Optionally, the lengths of

the distraction screws are greater than the lengths of the generally circular holes so that the

distraction screws are co-planar with the top surface of the plate after insertion of the distraction

screws into the vertebral bodies. Optionally, one distraction screw shank is located in a vertebral

body of an animal, the other distraction screw shank is located in another neighboring vertebral

body of the animal, and the heads of the distraction screws are in the radially expanded state.

Optionally, the vertebral bodies are fixed relative to the plate upon screwing the fixating screws

into the distraction screws. Optionally, each distraction screw is positioned in one of the

generally circular holes, and each fixating screw is positioned in the generally circular bore of

one of the distraction screws. Optionally, each generally circular bore is located in the center of



an expandable head when the expandable head is in the radially expanded state. Optionally, the

system further comprises at least two screw drivers, each screw driver comprising a top end

comprising a handle, a bottom end, and a flange configured to mate with a circumferential

groove of a biocompatible distraction screw. Optionally, the plurality of grooves on each

distraction screw extend into the shank of the distraction screw. Optionally, the bottoms of each

screw driver comprises threads configured to mate with the threads of a bore of one of the

distraction screws Optionally, the system further comprises at least two screw drivers, each

screw driver comprising a top end comprising a handle and a threaded bottom end configured to

mate with the threads of a generally circular bore of one of the distraction screws

[0012] The present invention also provides a method of fixating a plurality of vertebral bodies

(that are preferably located in a human or other animal being operated on) n some

embodiments, the method includes:

a) providing the plate system;

b) using the screw drivers to drive each distraction screw into a different vertebral

body by placing the bottom end of each screw driver into a distraction screw (preferably into the

generally circular bore of the distraction screw) and rotating the handle of the screw driver (i.e.,

screwing the distraction screws into the vertebral bodies);

c } placing the plate over/onto the vertebral bodies such that each distraction scre is

located in a generally circular hole;

d) removing the screw drivers from the generally circular bores; and

e) radially expanding the expandable heads and fixating the plate to the vertebral

bodies by inserting the fixating screws into the generally circular bores and rotating the fixating

screws relative to the distraction screws (i.e., screwing the fixating screws into the distraction

screw bores).

[00 3] Optionally, the method further includes usin the scre drivers to distract the vertebral

bodies (i.e., increase the distance between the vertebral bodies) prior to step d). Optionally, the

method further includes adding bone graft material between the vertebral bodies after distracting

the vertebral bodies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates a side, elevation view of one embodiment of a screw driver and

distraction screw for use with the plate systems of the present invention.

[0015] FIG. 2 illustrates a side, elevation view of one embodiment of a distraction screw with an

expandable head for use with the plate systems of the present invention.



[0016] FIG. 3 illustrates a top, plan view of the distraction screw of FIG. 2.

[0017] FIG. 4 illustrates a side, cross-sectional view of the distraction screw of FIG. 3, taken

along line 4-4 of FIG. 3 .

[0018] FIG. 5 illustrates a side, cross-sectional view of the distraction screw of FIG. 3. taken

along ine 5-5 of FIG. 3.

[0019] FIG 6 illustrates a top plan view of one embodiment of a plate for use with the plate

systems of the present mvention.

[0020] FIG. 7 illustrates a side, cross-sectional view of the plate of FIG. 6, taken alon line 7-7

of FIG. 6 .

[0021] FIG. 8 illustrates a side, elevation view of one embodiment of a fixating screw for use

with the plate systems of the present invention.

[0022] FIG. 9 illustrates a top, plan view of the fixating screw of FIG. 8.

[0023] FIG 10 illustrates a side, cross-sectional view of two distraction screws with expandable

heads of one embodiment of a plate system of the present invention being screwed into vertebral

bodies using a screw driver.

[0024] FIGs.. -13 illustrate side, cross-sectional views of a plate of one embodiment of a plate

system of the present invention being placed onto two adjacent vertebral bodies.

[0025] FIG. 14 illustrates a side, cross-sectional view of the plate system of FIG. 13 that further

includes two fixating screws; in FIG. 4 up arrows illustrate that the screw drivers are moved

upwards, and then the screw drivers are moved downwards and used to drive fixating screws into

the distraction screws.

[0026] FIG. 15 illustrates a side, cross-sectional view of the fixating screws, distraction screws,

plate and vertebral bodies of FIG. 14; the arrows in FIG 5 show the expandability of the

distraction screw heads.

[0027] FIG. 6 illustrates a top, perspective view of a distraction screw and plate of another

embodiment of the present invention; in FIG. 6, the distraction screw head and plate comprise

mating threads that, upon expansion of the distraction screw head, lock the distraction screw into

place.

[0028] FIG. 17 illustrates a bottom, perspective view of the plate and distraction screw of FIG.

16.

[0029] FIG. 18 illustrates a side cross-sectional view of the plate and distraction screw of FIG.

16.

[0030] FIG. 19 illustrates a top, plan view of the plate and distraction scre of FIG. 16.



[0031] FIG. 20 illustrates a close-up, top, plan view of the plate and distraction screw of FIG.

6; in FIG. 20, the expandable head of the distraction screw is in the radially collapsed state.

[0032] FIG. 2 1 illustrates a close-up, top, plan view of the plate and distraction screw of FIG.

6; in FIG. 2 , the expandable head of the distraction screw is in the radially collapsed state and

the distraction scre is rotated relative to the plate, as compared to FIG. 20

[0033] FIG 22 also illustrates a close-up, top, plan view of the plate and distraction screw of

FIG. 16; in FIG. 22, the expandable head of the distraction screw is in the radially collapsed

state.

[0034] FIG. 23 illustrates a close-up, top, plan view of the plate and distraction screw of FIG.

16; in FIG. 23, the expandable head of the distraction screw is in the radially expanded state.

[0035] FIG. 24 illustrates a side, elevation view of another embodiment of a distraction screw

with an expandable head for use with the plate systems of the present invention.

[0036] FIG 25 illustrates a top, perspectiv e view of the distraction screw of FIG. 24.

[0037] FIG. 26 illustrates a side, elevation view of the distraction screw of FIG. 24 attached to a

screw driver.

[0038] FIG. 27 illustrates, a bottom, perspective view of the screw driver of FIG. 26; the screw

driver comprises a flange configured to mate with a groove located in the expandable head of a

distraction screw.

[0039] FIG. 28 illustrates a side, cross-sectional view of one embodiment of a fixating screw for

use with the plate systems of the present invention.

[0040] FIG. 29 illustrates a side, elevation view of the fixating screw of FIG. 28.

[0041] FIG. 30 illustrates a side, elevation view of fixating screws being screwed into distraction

screws; the distraction screws are located in a plate and the left fixating screw is almost

completely screwed into the left distraction screw, which has moved the expandable head of the

left distraction screw to the radially expanded state; the right fixating screw is only partially

screwed into the right distraction screw and the head of the right distraction screw is in the

radially collapsed state.

[0042 ] FIG. 3 is a top, plan view of the plate, distraction screws and fixating screws of FIG. 30.

[0043] FIG. 32 is a side, elevation view of the screw driver of FIG. 29 and the distraction screw

of FIG. 25

[0044] FIG. 33 is a side, elevation view of two plate systems of one embodiment of the present

invention attached to a model of adjacent vertebral bodies as well as a side elevation view of two

screw drivers wherein each screw driver is attached to a distraction screw.



DETAILED DESCRIPTION

[0045] With reference to FIGs. 1-23 the present disclosure provides a plate system, generally

designated by the numeral 10 for distracting and fixating vertebral bodies 11. n the drawings

not all reference numbers are included in each drawing for the sake of clarity. Generally, as

described in greater detail below, the system 10 includes: a biocompatible plate 12 with at least

two holes 15, at least two biocompatible distraction screws 20 for insertion through the holes 15,

each distraction screw 20 having an expandable head 21, a bore 27 and a threaded shank 25, and

at least two biocompatible fixating screws 3 1 with threaded shanks 33. Insertion of the fixating

screws 31 into the distraction screws 20 causes the expandable heads 21 to expand and lock to

the biocompatible plate 12. Optionally, the plate 12 and the expandable heads 21 comprise

mating teeth 19 and 24 configured to lock the expandable heads 21 to the plate 12 upon

expansion of the expandable heads 21, as illustrated in FIGs. 16-23. The present invention also

relates to use of the plate system 10 to distract and fixate vertebral bodies 11. It will be

understood that the plate system 10 can include three or more holes 15 and three or more

biocompatible distraction screws 20 if, for example, the surgeon desires to fixate three or more

vertebral bodies 11. It will be appreciated that the plate system 10 may be used in any suitable

region in the spine, including for example, the cervical, thoracic and lumbar levels.

[0046] More particularly, with reference to FIGs. 1-23, in some embodiments, the plate system

includes:

a) a biocompatible plate 12 comprising a top surface 13, a bottom surface 14

configured to confront a vertebral body 11 and at least two generally circular holes 15, each hole

15 comprising a length 16 extending from the top surface 13 to the bottom surface 14, a diameter

, and a circumference 8;

b) at least two biocompatible distraction screws 2 , each biocompatible distraction

screw 20 comprising an expandable head 21, the expandable head 21 generally circular in shape

and comprising a circumference 22 and a diameter 23, a shank 25 comprising threads located on

an exterior surface of the shank 25, a length 26 extending from the head 21 to the shank 25, and a

generally circular bore 27 comprising a top end 28 located in the head 21, a bottom end 29

located in the shank 25, and threads 30, which are spaced about - e.g., lining - the generally

circular bore and may extend from the top end 28 to the bottom end 29 of the geiieraliy circular

bore 27; and

c) at least two biocompatible fixating screws 31, each biocompatible fixating screw

31 comprising a head 32 and a shan 33 comprising threads located on an exterior surface of the



shank 33, each shank 33 of the biocompatible fixating screw 31 configured to be received in one

of the generally circular bores 27 and mate with the threads of the generally circular bore 27.

When it is said that the bores 27 are generally circular, it will be understood that the tops 28 of

the bores 27 are generally circular, it being understood that the diameter and circumference of

the bores 27 may taper/decrease from the bore top end 28 to the bore bottom end 29. Likewise,

the generally circular holes 15 may decrease in diameter 17 and circumference 18 from the top

plate surface 13 to the bottom plate surface 14 (i.e., along the hole length 16), as best seen in

FIG. 18. Preferably, the expandable heads 21 have a radially collapsed state in which the

circumference 22 of an expandable head 21 is less than a circumference 18 of a generally

circular hole 15 (at a location along the hole length 16) and the diameter 23 of the expandable

head 21 is less than a diameter 17 of the generally circular hole 15 (at the same location along

the hole length 16), the expandable heads 21 have a radially expanded state in which the

circumference 22 of an expandable head 21 expands so that the circumference 22 of the

expandable head 21 is substantially equal to a circumference 18 of the generally circular hole 15

(at the same location along the hole length 16) and the diameter 23 of the expandable head 21

expands so that the diameter 23 of the expandable head 21 is substantially equal to a diameter 17

of the generally circular hole 15 (at the same location along the hole length 16), and further

wherein insertion of the fixating screws 31 into the distraction screws 20 causes the distraction

scre heads 21 to move from the radially collapsed state to the radially expanded state. In other

words, the expandable heads 21 have a radially collapsed state in which the circumference 22

and diameter 23 of an expandable head 21 is less than a circumference 18 and diameter 17,

respectively, of the generally circular hole 15 (at the location alon the hole length 16) that the

respective expandable head 21 is located in, and the expandable heads 21 have a radially

expanded state in which the circumference 22 and diameter 23 of an expandable head 21 is

substantially equal to the circumference 18 and diameter 17 of the generally circular hole 15 (at

the same location along the hole length 16) that the respective expandable head 21 is located in.

As mentioned above, the generally circular holes 15 may decrease in diameter 17 and

circumference 18 from the top plate surface 13 to the bottom plate surface 14 (i.e., along the hole

length 16), as best seen in FIG. 18. As seen in FIG. 18, the generally circular holes 15 may be

tapered between about 5 and about 15 degrees (more preferably about 10 to about 12 degrees)

with respect to the hole length 16 -- i.e., a line going through the center of the generally circular

hole 15. When the fixating screw 3 1 is screwed into the distraction scre 20, the expandable

head 21 of the distraction screw 20 expands to mirror the angle of taper of the generally circular



holes 15, which further secures the distraction screws 21 to the plate 12 (i.e., as an additional

securing mechanism in addition to the teeth 19 and 24). Preferably, the two or more generally

circular holes 15 are the same size, the two or more expandable heads 21 are the same size, and

the two or more fixating screws 31 are the same size to allow for interchangeability of the screws

21 and 31 in either plate hole 15.

[0047] In a preferred embodiment, as shown i FIGs. 16-23, the plate 12 and expandable heads

21 of the distraction screws 20 comprise mating teeth 19 and 24 that are spaced evenly about the

circumferences 18 and 22 of the holes 15 and expandable heads 21, respectively, that lock the

expandable heads 2 1 to the plate 12, upon expansion of the expandable heads 21. It will be

understood that when it is said that the plate holes 15 and expandable heads 21 are generally

circular, the plate holes 15 and expandable head 21 may include teeth 19 and 24, as shown in

F Gs. 16-23. Optionally, the expandable heads 21 include intersecting grooves 35 that traverse

the expandable heads 21 to facilitate expansion of the expandable heads 21.

[0048] Optionally, the heads 32 of the fixating screws 31 are substantially co-planar with the

heads 21 of the distraction screws 20 and the top surface 13 of the plate 12 after screwing the

fixating screws 31 into the distraction screws 20 Optionally, the lengths 26 of the distraction

screws 20 are greater than the lengths 16 of the generally circular holes 15 so that the distraction

screw heads 21 are co-planar with the top surface 13 of the plate 12 after insertion of the

distraction screws 20 into the vertebral bodies 11. Optionally, one distraction screw shank 25 is

located in a vertebral body 11 of an animal (preferably a human), the other distraction screw

shank 25 is located in a different (preferably neighboring) vertebral body 11 of the animal, and

the heads 21 of the distraction screws 20 are in the radially expanded state. Optionally, the

vertebral bodies 11 are fixed relative to the plate 12 upon screwing the fixating screws 31 into

the distraction screws 20 and the resulting expansion of the expandable heads 21. Optionally,

each distraction screw 20 is positioned in one of the generally circular holes 15, and each

fixating screw 3 1 is positioned in the generally circular bore 27 of one of the distraction screws

20. Optionally, each generally circular bore 27 is located in the center of an expandable head 21

when the expandable head 21 is in the radially expanded state. Optionally, the system 10 further

comprises at least two screw drivers 39, each screw driver 39 comprising a top end comprising a

handle 40 and a threaded bottom end 4 1 configured to mate with the threads 30 of a bore 27 of

one of the distraction screws 20.

[0049] The present invention also provides a method of fixating a plurality of vertebral bodies

11. n some embodiments, the method includes:



a) providing the plate system ;

b) using the screw drivers 39 to drive each distraction screw 20 into a vertebral body

11 by placing the threaded bottom end 41 of each screw driver 39 into a distraction screw 20

(preferably into the bore 27 of the distraction screw 20) and rotating the handle 40 of the screw

driver 39 (i.e., screwing the distraction screws 20 into the vertebral bodies 11);

c) placing the plate 12 over/onto the vertebral bodies 11 such that each distraction

screw 20 is located in a generally circular hole 15;

d) removing the screw drivers 39 from the distraction screws 20 (preferably from

generally circular bores 27); and

e) radially expanding the expandable heads 21 and fixating the plate 12 to the

vertebral bodies 11 by inserting the fixating screws 31 into the bores 27 and rotating the fixating

screws 31 relative to the distraction screws 20 (i.e., screwing the fixating screws 31 into the

distraction screw bores 27).

[0050] Optionally, the method farther includes using the screw drivers 39 to distract the

vertebral bodies 1 1 (i.e., increase the distance between the vertebral bodies ) prior to step d).

Optionally, the method farther includes adding natural or synthetic bone graft material (e.g.,

bone graft or bone graft substitute) between the vertebral bodies 11 after distracting the vertebral

bodies 11.

[0051] Optionally, the distraction screw heads 21, have a circumference of between about 3 mm

to about 5 mm in the radially collapsed state and a height of between about 2 mm to about 5 mm,

and the threaded shank 25 has a circumference that is smaller than the circumference of the

distraction screw head 21 when the distraction screw head 21 is in the radially collapsed and

radially expanded states. The fixating screw heads 3 preferably have a circumference that is

slightly larger (e.g., 0.1 to 0.5 mm) than the circumference of the distraction screw heads 21 in

the radially collapsed state. Optionally, the fixating screw 31 comprises a slot 44 that has a

thickness of between about 0.5 to about 1 mm.

[0052] The embodiments of FIGs. 24-33

[0053] FIGs. 24-33 illustrate a similar system as illustrated in FIGs. 16-23, except that in the

system 10 of FIGs. 24-33, each head 21 of each biocompatible distraction screw 20 further

comprises a circumferential groove 42 extending about the circumference of the generally

circular bore 27 as best seen in FIG. 25. This circumferential groove 42 functions to mate with

a flange 43 located on the screw driver 39, as best seen in FIG. 27, to create a lock and obviate

the need for threads on the bottom end 4 1 of the screw driver 39. In addition, as best seen in



FIGs. 30-31, the teeth 9 of the generally circular plate holes 15 are sunk belo the top surface

13 of the plate 12. (As explained in the description of the drawings, FIGs. 30-31 illustrate how

insertion of the fixating screw 31 into the distraction screw bores 27 causes the distraction screw

heads 21 to radially expand.). FIG. 24 also illustrates how the plurality of grooves 35 of the

distraction screw expandable heads 2 1 may extend into the distraction screw shanks 25.

[0054] Having now described the invention in accordance with the requirements of the patent

statutes, those skilled in the art will understand how to make changes and modifications to the

disclosed embodiments to meet their specific requirements or conditions. Changes and

modifications may be made without departing from the scope and spirit of the invention. n

addition, the steps of any method described herein may be performed in any suitable order and

steps may be performed simultaneously if needed.

[0055] Terms of degree such as "generally", "substantially", "about" and "approximately" as

used herein mean a reasonable amount of deviation of the modified term such that the end result

is not significantly changed. For example, these terms can be construed as including a deviation

of at least ± 5% of the modified term if this deviation would not negate the meaning of the word

it modifies.



CLAIMS

What is cl ed is:

. A plate system for distracting and fixating vertebral bodies comprising

a } a biocompatible plate comprising a top surface, a bottom surface configured to

confront a vertebral body and at least two generally circular holes, each hole comprising a length

extending from the top surface to the bottom surface, a diameter, a circumference, and a plurality

of teeth spaced evenly about the circumference;

b) at least two biocompatible distraction screws, each biocompatible distraction

screw comprising an expandable head, the expandable head generally circular in shape and

comprising a circumference, a diameter and a plurality of teeth spaced evenly about the

circumference and configured to engage the teeth of a generally circular hole of the

biocompatible plate, a shank comprising threads located on an exterior surface of the shank, a

length extending from the head to the shank, and a generally circular bore comprising a top end

located in the head, a bottom end located in the shank, and threads spaced about the bore; and

c) at least two biocompatible fixating screws, each biocompatible fixating screw

comprising a head and a shank comprising threads located on an exterior surface of the shank,

each shank of each biocompatible fixating screw configured to be received in a generally circular

bore and mate with the threads of the generally circular bore,

wherein the expandable heads have a radially collapsed state in which the circumferences of the

expandable heads are less than the circumferences of the generally circular holes an the

diameters of the expandable heads are less than the diameters of the generally circular holes,

wherein the expandable heads have a radially expanded state in which the circumferences of the

expandable heads are substantially equal to the circumferences of the generally circular holes

and the diameters of the expandable heads are substantially equal to the diameters of the

generally circular holes, and

further wherem insertion of the fixating screws into the distraction screws causes the distraction

screw heads to move from the radially collapsed state to the radially expanded state.

2. The plate system of claim 1, wherein the teeth of the generally circular holes of the

biocompatible plate are adjacent to the top surface of the biocompatible plate.

3. The plate system of claim 1, wherein each generally circular bore tapers in diameter from

the bore top end to the bore bottom end.



4. The plate system of claim 1, wherein each generally circular hole of the biocompatible

plate decreases in diameter and circumference from the plate top surface to the plate bottom

surface.

5. The plate system of claim 1, wherein each generally circular bore comprises a height

extending from top end of the generally circular bore to the bottom end of the generally circular

bore and further wherein the threads of each generally circular bore extend substantially the

entire height of the generally circular bore

6. The plate system of claim 1, wherein the heads of the fixating screws are substantially co-

planar with the heads of the distraction screws and the top surface of the biocompatible plate.

7. The plate system of claim 6, wherein the fixating screws are located in the generally

circular bores.

8. The plate system of claim 6, wherein the distraction screw heads are in the radially

expanded state.

9. The plate system of claim 1, wherein the fixating screws are located in the generally

circular bores and further wherein the heads of the fixating screws are substantially co-planar

with the heads of the distraction screws an d below the top surface of the plate.

0 . The plate system of claim 1, wherein the lengths of the distraction screws are greater than

the lengths of the generally circular holes.

1 . The plate system of claim 1, wherein one distraction screw shank is located in a vertebral

body of an animal, the other distraction screw shank is located in another vertebral body of the

animal, and the heads of the distraction screws are in the radially expanded state.

12. The plate system of claim , wherein the vertebral bodies are fixed relative to the plate.

13. The plate system of claim 1, wherein each distraction screw is positioned in one of the

generally circular holes, and each fixating screw is positioned in the bore of one of the

distraction screws.

14. The plate system of claim 1, wherein each expandable head comprises a plurality of

grooves.

15. The plate system of claim 14, wherein the plurality of grooves traverse the expandable

head.

6. The plate system of claim 15, wherein the plurality of grooves on each distraction screw

extend into the shank of the distraction screw.

7. The plate system of claim 1, wherein each generally circular bore is located in the center

of an expandable head when the expandable head is in the radially expanded state.



. The plate system of claim 1, wherein the system further comprises at least two screw

drivers, each screw driver comprising a top end comprising a handle and a threaded bottom end

configured to mate with the threads of a generally circular bore of one of the distraction screws.

19. The plate system of claim 1, wherein each generally circular bore of each biocompatible

distraction screw further comprises a circumference and further wherein each head of each

biocompatible distraction screw further comprises a circumferential groove extending about the

circumference.

20. The plate system of claim 19, wherein the system further comprises at least two scre

drivers, each screw driver comprising a top end comprising a handle, a bottom end configured to

be inserted in a generally circular bore, an d a flange configured to mate with a circumferential

groo ve of a biocompatible distraction screw.

21. A method of fixating a plurality of vertebral bodies comprising:

a) providing the plate system of claim 1 and at least two screw drivers, each screw

driver comprising a top en d comprising a handle, a bottom end;

b) using the screw drivers to drive the distraction screws into the plurality of

vertebral bodies by placing the bottom end of each screw driver into a generally circular bore of

the distraction screw and rotating the handle of the screw driver;

c } placing the plate over the vertebral bodies such that each distraction screw is

located in a generally circular hole;

d) removing the screw drivers from the generally circular bores; and

e) radially expanding the expandable heads and fixating the plate to the vertebral

bodies by inserting the fixating screws into the generally circular bores and rotating the fixating

screws relative to the distraction screws.

22. The method of claim 21, further comprising using the screw drivers to distract the

vertebral bodies prior to step d).

23. The method of claim 2 1 further comprising adding bone graft material between the

vertebral bodies after distracting the vertebral bodies.

24. A plate system for distracting and fixating vertebral bodies comprising

a) a biocompatible plate comprising a top surface, a bottom surface configured to

confront a vertebral body and at least two generally circular holes, each hole comprising a length

extending from the top surface to the bottom surface, a diameter, and a circumference;

b) at least two biocompatible distraction screws, each biocompatible distraction

scre comprising an expandable head, the expandable head generally circular in shape and



comprising a circumference, a diameter and a plurality of grooves traversing the expandable

head, a shank comprising threads located on an exterior surface of the shank, a length extending

from the head to the shank, and a generally circular bore comprising a top end located in the

head, a bottom end located in the shank, and threads spaced about the generally circular bore:

and

c) at least two biocompatible fixating screws, each biocompatible fixating screw

comprising a head and a shank comprising threads located on an exterior surface of the shank,

each shank of each biocompatible fixating screw configured to be received in a generally circular

bore and mate with the threads of the generally circular bore,

wherein the expandable heads have a radially collapsed state in which the circumferences of the

expandable heads are less than the circumferences of the generally circular holes and the

diameters of the expandable heads are less than the diameters of the generally circular holes,

wherein the expandable heads have a radially expanded state i which the circumferences of the

expandable heads are substantially equal to the circumferences of the generally circular holes

and the diameters of the expandable heads are substantially equal to the diameters of the

generally circular holes, an d

farther wherein insertion of the fixating screws into the distraction screw heads causes the

distraction screws to move from the radially collapsed state to the radially expanded state.

25. The plate system of claim 24, wherein each generally circular bore tapers in diameter

from the top en d of the generally circular bore to the bottom end of the generally circular bore.

26. The plate system of claim 24, wherein each generally circular hole of the plate decreases

in diameter and circumference from the top surface of the biocompatible plate to the bottom

surface of the biocompatible plate.

27. The plate system of claim 24, wherein each generally circular bore comprises a height

extending from the top end of the generally circular bore to the bottom end of the generally

circular bore and further wherein the threads of each generally circular bore extend substantially

along the entire height of the generally circular bore.

28. The plate system of claim 24, wherein the heads of the fixating screws are substantially

co-planar with the heads of the distraction screws and the top surface of the biocompatible plate.

29. The plate system of claim 28, wherein the fixating screws are located in the generally

circular bores.

30. The plate system of claim 28, wherein the distraction screw heads are in the radially

expanded state.



31. The plate system of claim 24, wherein the fixating screws are located in the generally

circular bores and further wherein the heads of the fixating screws are substantially co-planar

with the heads of the distraction screws and below the top surface of the biocompatible plate

32. The plate system of claim 24, wherein the lengths of the distraction screws are greater

than the lengths of the generally circular holes.

33. The plate system of claim 24, wherein one distraction screw shank is located in a

vertebral body of an animal, the other distraction screw shank is located in another vertebral

body of the animal, and the heads of the distraction screws are in the radially expanded state.

34. The plate system of claim 33, wherein the vertebral bodies are fixed relative to the plate.

35. The plate system of claim 24, wherein each distraction screw is positioned in one of the

generally circular holes, and each fixating screw is positioned in the generally circular bore of

one of the distraction screws.

36. The plate system of claim 24, wherein each generally circular bore is located in the center

of an expandable head when the expandable head is in the radially expanded state.

37. The plate system of claim 24, wherein the system further comprises at least two screw

drivers, each screw driver comprising a top end comprising a handle and a threaded bottom end

configured to mate with the threads of a generally circular bore of one of the distraction screws.

38. The plate system of claim 24, wherein each generally circular bore of each biocompatible

distraction screw further comprises a circumference and further wherein each head of each

biocompatible distraction screw further comprises a circumferential groove extending about the

circumference.

39. The plate system of claim 38, wherein the system further comprises at least two screw

drivers, each screw driver comprising a top end comprising a handle, a bottom end configured to

be inserted into the generally circular bore of one of the distraction screws, and a flange

configured to mate with a circumferential groove of a biocompatible distraction screw.

40. The plate system of claim 24 wherein the plurality of grooves on each distraction screw

extend into the shank of the distraction screw

4 . A method of fixating a plurality of vertebral bodies comprising ;

a) providing the plate system of claim 24 and at least two screw drivers, each scre

dr er comprising a top end comprising a handle, a bottom end;

b) using the screw drivers to drive the distraction screws into the plurality of

vertebral bodies by placing the bottom end of each screw driver into a generally circular bore of

the distraction scre and rotating the handle of the screw driver;



c) placing the plate over the vertebral bodies such that each distraction screw is

located in a generally circular hole;

d ) removing the screw drivers from the generally circular bores; an d

e } radially expanding the expandable heads and fixating the plate to the vertebral

bodies by inserting the fixating screws into the generally circular bores and rotating the fixating

screws relative to the distraction screws.

42. The method of claim 41, further comprising using the screw drivers to distract the

vertebral bodies prior to step d).

43. The method of claim 4 further comprising adding bone graft material between the

vertebral bodies after distracting the vertebral bodies.
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