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ABSTRACT

A surgical spinal fixation system includes a bone
bolt having first end portions that are adapted to be
surgically implanted into a patient’s spine at first
and second spaced apart positions and a central portion
of the bone bolt defining a lcad transfer surface, the
bone bolt having a second upper thfeaded sections for
threadably receiving a nut at a shaped, countersunk
interface. As an alternate embodiment, a bone screw
provides an upper enlarged head with a lower coarsely
threaded shank. A plate having upper and lower
surfaces and outer opposed edges 1s provided with an
elongated slot for accommodating a selected bone bolt
or bone screw. The plate edges carry fine adjustments
extending between the upper and lower surfaces of the
plate and a load transfer washer interfaces the plate
and the selected bone bolt or bone screw for

distributing load (and reducing stress) from the bone

bolt (or screw) to the plate.
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BONE FIXATION APPARATUS

The present invention relates to surgical systems
and more particularly relates to an improved bone or
spinal fixation apparatus in the form of a strong and
stable construct for maximum fusion augmentation with
improved versatility and ease of use, and wherein an
improved fine adjustment plate assembly forms a load
transfer interface with an adjacent fixation bolt or
screw. A countersunk interface provides some

micromotion, better stress distribution and thus

enhanced fatigue life.

There are a number of surgical procedures which
require fixation of portions of the spine with respect
to one another. Typically, bone screws are employed in
the fixation of the spine. The implarntation of bone
screws 1s a surgical procedure which involves the
formation of one or more surgical openings in adjacent
portions of the spine, with threaded bone screws being
implanted into these surgical openings. Connective
structure such as rods or plates extend between the

various spine members by connecting the adjacent bone

SCrews.

An early spinal fixation system can be seen in

the Limb et al. U.S. patent 3648691 entitled "Method of
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Applying Vertebral Appliance". 1In the Lumb patent, a
method of applying a vertebral appliance for use in
bridging one or more diseased or damaged vertebra uses
a pair of elongated flexible multiple apertured plates
having fasteners which are used to clamp the plate to
opposite sides of the spinous prcocesses being spanned.
BEach strap or plate is of a length adapted to span at
least two spinous processes and project there beyond
each end so that the fasteners can be passed both
behind and in front thereof as well as through the
interspinous gap there between. The apertures are
located considerably closer together than adjacent
processes and they are fastened to the latter in
position such that at least one opening registers with

each one to receive a growth or soft bony tissue that

eventually extrudes therein,

The Edwards U.S. patent 4369769 shows a spinal

fixation system using elongated rods used to bridge
across various portions'of the spine. In the Edwards
'769 patent a spinal fixation device is provided in
which sleeves or spacers are placed over and around
spinal rods in order to obtain a better reduction of
spinal fractures or spinal deformities. These sleeves
can be made in various thicknesses so that the surgeon
can obtain optimum fixation in each case. The sleeves

are made of any biologically compatible material.
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Use of bone screws and connecting rods is also
seen in the Ulrich et al. U.S. patent 4433677 entitled
"Implantable Splint for Correction Lumbosacral
Spondylodesis™. In the Ulrich patent a spinal
distraction splint has two like anchor screws extending
along respective longitudinal screw axes and adapted to
be anchored in the pelvis with the axes crossing. Each
of the screws has a head formed with a2 transverse open
recess‘centred on respective transverse axis and with
an angular array of teeth centred on and angularly

spaced about the respective transverse axis.

Another patent that shows screws as part of a
spinal stablliser 1s the Stephens et al. U.S. patent
4604995. 1In the Stephens patent a surgical implant is
used for imparting stability to the thoraco-lumbar
spine by fixation of the implant to the spin with
segmental spinal instrumentation. The implant
comprises a unitary rod having a generally rectangular
configuration formed by a pair of spaced apart
branches, mirror image duplicated of one another and

equally spaced apart along their length.

The Steffee U.S. patent 4611581 entitled "Apparatus
for Straightening Spinal Columns" provides an apparatus

to reduce the extent of displacement between adjacent
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vertebra in a person’s spinal column and to
subsequently maintain the vertebra in a reduced
displacement relationship. When the apparatus is to be
installed, holes are formed in the displaced vertebra
and in vertebra on opposite sides of the displaced
vertebra. Force transmitting members are mounted 1in
the holes in the vertebra. A spinal plate is then
positioned on the spinal column with the force
transmitting members extending outwardly through the
slots in the spinal plate. Nuts are tightened on thé
force transmitting members connected with vertebra on
opposite sides of the displaced vertebra to anchor the
spinal plate in place. A nut on the force transmitting
member connected with the displaced vertebra is then
tightened to pull the displaced vertebra to a desired
position. 1In one embodiment, the force transmitting
member has a relatively large diameter helix which
engages a side wall of the hole in the displaced
vertebra. In another embodiment, an insert 1is
positioned in a hole in the displaced vertebra and

expanded by the force transmitting member to securely

grip the vertebra.

A device which uses clamps as opposed to bone
screws is the Asher U.S. patent 4773402 entitled "Dorsal
Transacral Surgical Implant" wherein a pair of spinal

engageable rods, contoured to the desired spinal column
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configuration are provided with a yoke and foot element

being attached to the pair of rods during use.

The Sherman U.S. patent 4887596 shows a pedicle screw
for use in internal fixation of the srine comprising a
shaft threaded at one end for inserticn into a bone and
at the other end having a yoke for receiving a rod, the
voke having a cusp adapted to bear agzinst the rod and
clamps for holding the rod against the cusp while
permitting adjustment of the angle between the rod and

the yoke.

One of the problems with the aprlication of a
spinal fixation system is the adjustatility of the
connective structures such as a plate with respect to a

plurality of spaced apart bone screws.

It is thus an object of the present disclosure CO
provide a fixation system that offers a strong and
stable construct for maximum fusion augmentation and
yet is versatile enough for any patieat and is easy to

use.

One of the features of the present disclosure 1s a
countersunk interface between the bone bolt and the
plate. A countersunk interface is also located between

a washer and nut. This improved construction provides
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some micromotion, better stress distribution, and thus

enhanced fatigue life.

Another object of the present disclosure is to
provide an improved spinal fixation apparatus having
improved fit through the use of a fine adjustment
between adjacent bolts/screws. This high resolution
allows each screw and/or bolt to be placed anatomically
with little manipulation to make the place fit the

bolts and screws of the systemn.

Also, the present disclosure provides an improved
spinal fixation system that allows the surgeon to
choose the amount of rigidity need for each patient and

his particular indication.

In accordance with a first aspect of the invention
there 1s provided bone fixation apparatus comprising at
least two fixation members adapted, at a first end, to
be implanted into bone tissue at spaced apart portions,
a plate member having a pair of opposed parallel
peripheral edges and having an elongated slot formed

thereiln between saild edges and a load transfer member
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for distributing the load from each fixation member to
the plate member wherein the load transfer member and
the slot in the plate member are each adapted to permit
placement of a portion of the fixation member
therethrough and said plate member and said load
transfer member are adapted to co-operate to provide
means for the fine adjustment of the spacial
relationship between the plate member and the load
transfer member characterized 1n that the load transfer
member and said peripheral edges of the plate member
are adapted to co-operate to provide means for the fine

adjustment of the spacial relationship between the

plate member and the load transfer member.

In accordance with a second aspect of the

invention there is provided,

a bone fixation apparatus, comprising:

a) first fixation means comprising bone bolt means
having first end portions adapted to be surgically
implanted into a patient's bone tissue and at first and

second spaced apart positions on the bone tissue;

b) a central section of the bone bolt means having

a load transfer surface;

s a e
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c) the bone bolt means having a threaded section
for threadably receiving a nut;

d) a plate member having upper and lower surfaces
and parallel outer opposed edges with an elongated slot
surrounded by a peripheral portion having said parallel
outer opposed edges;

e) the edges carrying fine adjustment means

extending between the upper and lower surfaces for

affixing the position of the bone bolt with respect to
the plate; and -

f) a load transfer member 1nterfacing the plate
member and the bone bolt means, for distributing load
from the bone bolt means to the plate member and
including sidewall portions for engaging the fine
adjustment means at the edges, and an opening in the
load transfer means for placement of a portion of the

bone bolt means therethrough.
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An apparatus according to a preferred aspect of

the invention the load transfer member includes a
washer having a first flange that extends across the
slot between the edges and a pair of intersecting

flanges extending at angles thereto.
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The fixation member may be provided with a screw

thread at said first end to allow 1t to be surgically

implanted into the bone tissue. Aptly the fixation

member may have an end portion having a load transfer

surface. The fixation member may also be provided with

a threaded section for threadably receiving a nut.

Suitable fixation members will be in the form of bone

screws or bone bolts.

The plate member has upper and lower surfaces
which may be angled or parallel with respect to each

other.

The slot between the edges of the plate may be
sized to accommodate a pair or more of the spaced
apart, surgically implanted fixation means eg. bone

screws or bone bolts.

The means for finely adjusting the special
relationship between the plate member and the load
transferring member may include teeth spaced along the
edges. The teeth may be regularly spaced along each of
the edges and will engage and co-operate with

corresponding teeth on the load transfer member.

The load transfer member which aptly is the form

of a washer with turned edges flanges or extensions may
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have an opening therein with a centre that registers
with the central axis of the slot during use. The load
transfer member may be adapted to support said fixation
member along a line that forms an acute angle with
respect to the upper surface of the plate member. Thus
the axis of the opening may be at angle with respect to

the plane of the member.

Suitably the load transfer member will include a
recess that registers with the plate so that said

member slides upon the plate at the recess.

Preferably the load transfer member has three
intersecting flange portions including a centre flange
and two side flanges that are spaced apart and
positioned to bear against the edges of the plate

member.

The load transfer washer opening may be
spherically shaped to receive a nut having a spherical

lower surface.

In a preferred arrangement the fixation member
comprises a bone bolt having a central section bearing
a longitudinally extending, shaped load transfer
surface and having a second threaded section for

threadably receiving a nut together with a bone plate
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member having upper and lower surfaces and parallel
outer opposed edges with an elongated slot surrounded
by a peripheral portion having said parallel outer
opposed edges the plate lower surface being countersunk

at the slot to fit the bone bolt load transfer surface,

and the slot being sized to receive the second threaded

section of the bone bolt.

The bone plate member may carry closely spaced
fine adjustment means extending between the upper and
lower surfaces for affixing the position of the bone
bolt with respect to the plate and including several

adjustment positions per the thickness of the bone

bolt.

The nut associated with the bolt may have a
curved annular lower surface that registers with an
opening in the load transfer member which opening has a

centre that registers with the central axis of the slot

during use.

The nut may be provided with a spherical lower
surface and the load transfer member opening is

spherically shaped to receive the nut.

The opening in the load transfer member may have

a surrounding hemispherical portion that receives a
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corresponding hemispherical portion of the nut.

The slot may have a lower beveled surface and the
bone bolt a corresponding surface that abuts the

beveled surface for load transfer.

In those embodiments wherein the fixation member
1s a bone screw, the load transfer member includes a
hemispherical surface that registers with the load

transfer surface of the bone screw.

In one preferred form, the apparatus comprises;

a bone plate member having an asymmetrical cross-
section} eg. having upper and lower planar surfaces
that form an acute angle, and parallel outer opposed
edges, with an elongated slot surrounded by a
peripheral portion having said parallel outer opposed

-édges;

the plate slot belng an angled slot that is offset

by an acute angle with respect to the plate upper

surface.

The load transfer member may be in the form of a

washer having a first flange that extends across the




» 2064277

slot between the edges, and a pair of intersecting

flanges extending at angles thereto.

These may be a pair of bone screws, and each bone
screw may have a first threaded end portion adapted to
be surgically implanted into a patient's cervical bone
mass and may have a load transfer surface at its upper
end portion member and the bone screw for distributing
load from and the load transfer member eg. washer has a
countersunk opening for receiving the bone screw upper
end portion load transfer surface, and an opening for
placement of a portion of the bone screw therethrough;
and wherein the opening is adapted to allow the bone

screw to penetrate the washer at an acute angle with

respect to the plate upper surface.
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For systems designed for cervical bone fixation
the plate is provided with a slot that is perpendicular
to the posterior face through which a screw is placed
in the lateral mass using the Roy-Camille technique.
The plate also has a slot that is offset by an acute
angle such as fifteen degrees (20° off vertical with
respect to the cross section of the plate). A screw
can then be placed through the angled slot into the

lateral mass using the Magerl technique.

The angled slot can also be extended at each end
of the spinal plate (cephalad/caudad) allowing the
screw to be placed thirty degrees cephalad when the

screw is placed using the Magerl technique.

Both ends of the plate can have slot extensions
(as mentioned in the previous paragraph), thus making
the plate reversible, that is, one plate works on both

left and right sides of the spine.

A washer (load transfer member) co-operates with
and attaches to the plate at a toothed interface. The
washer is designed to fit over the plate and mate with
the teeth in the plate. The washer is placed after the
plate is positioned on the lateral mass. The washer

has an asymmetrical cross section that corresponds to
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the plate. The washer can have three different hole
configurations for example thus requiring three

separate parts (namely right, left, and neutral).

The right and left sides can have a hole through
the central beam member of the washer. The right hole
can be at twenty degrees lateral (right) and thirty

degrees cephalad.

The left hole can be at twenty degrees lateral
(left) and thirty degrees cephalad. Both the right and
left washer can be used with th Magerl technique for

placing the screw.

The neutral washer can have a hole placed
perpendicular to the central body, allowing the screw
to be placed straight into the lateral mass using the
Roy-Camille technique. All three washers can have a
hole with a spherical countersunk portion. As an
example, the washers can have a 3.5 millimetre hole for
accommodating the 3.5 millimetre major thread diameter

of the bone screw which has a spherically-shaped head.

For a further understanding of the nature and
objects of the present invention, reference should be
made to the following detailed description taken in

conjunction with the accompanying drawings, in which
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embodiments of the invention are described and in which
like parts are given like numerals, and wherein:

Figures 1 and 1D and 4 are perspective exploded

views of the preferred embodiment of the apparatus of

the present invention;

Figures 1A, 1B and 1C are sectional fragmentary

views of the preferred embodiment of the apparatus of

Figure 1;

Figure 1D shows an alternative embodiment in

perspective exploded view;

Figures 2 and 2A are partial perspective view

elements of the apparatus embodying the present

invention:

Figures 3, 3A and 3B are schematic views

illustrating the preferred embodiments of the apparatus

of the present invention in use as part of spinal or

cervical fixation systems;

Figure 4A is a sectional, fragmentary view of the

of the apparatus shown in Figure 4;

Figure 5 is a fragmentary view of the apparatus

shown in Figure 1D;

Figure 6 is a front view of an element shown in

Figure 1D illustrating a right side orientation of the

washer portion;

Figure 7 is a side view of the washer shown in

Figure 6;

Figure 8 is a front view of the washer portion

showing a left orientation;

Figure 9 is a side view of the washer shown in

Figure 8;
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Figure 10 is a frontal view of the washer portion

showing a neutral orientation; and

Figure 11 is a side view of the washer in Figure

10.

Figures 1 and 1A-1C illustrate apparatus
designated generally by the numeral
10. In Figure 1 there can be seen bone bolt 11 having
a shank portion 12 with a coarse thread 13 thereon. At
the upper end portion of bone bolt 11, a fine thread 14
is provided. The middle portion 15 of bone bolt 11 is
in the form of a hexagonal bolt which can be formed as
an integral portion of the bone bolt 11. A hexagonal
tool socket 16 is preferably provided at the upper end
portion of bone bolt 11, for receiving an allen wrench
or the like for installation of the screw into a

surgical opening.

Plate 17 includes an upper surface 17A and a
lower surface 17B. The plate 17 is elongated and
provides curved end portions 18, 19. A longitudinally
extending slot 20 includes semicircular end portions
21, 22. Slot 20 is surrounded by parallel side walls
23, 24. The slot 20 includes an upper beveled edge 25
and a lower beveled edge 26 which communicate with the
slot at the top 17A and bottom 17B of plate 17. The

beveled edges 25, 26 can interface with similarly
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shaped surfaces of the bone bolt 11 mid portion 15

(Figure 1B).

The outer peripheral surface of plate 17 includes
a plurality of spaced apart teeth é?, 28 along the
sides of plate 17 (Figure 1) which define an adjustment
distance of for example just a few millimetres. Thus,
spaces 29, 30 are provided between teeth 27, 28 for
receiving projections 37, 38 of load washer 35. The
washer 35 includes side walls 39, 40 which are spaced

apart and which connect to the plate transverse flange

member 41.

An opening 36 in washer 35 includes a
hemispherical concave surface 42 that is similarly
shaped to the hemispherical convex surface 32 of nut
31. Nut 31 includes internal threads 33 that engage

the fine threads 14 of the bone bolt 11 and an upper
flat surface 34.

Projections 37, 38 are correspondingly shaped to

register the spaces or recesses 29, 30 between teeth

27, 28. Each projection 37, 38 has a pair of recesses

43, 44 on the sides thereof.

Figure 3 1llustrates a pair of spaced apart

plates 17 1llustrating the attachment of bone bolts 11
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and load transfer washers 35 as part cf an overall
spinal fixation system. Also illustrated is the nut 31
which threadably engages the top of the bone bolt 11.
In phantom lines, the spine of the patient 1is
illustrated generally by the letter S. It should be
understood however that the surgeon can select surgical
openings at particular locations to which bone bolts 11
are to be affixed and can further custom select the
particular plate 17 including a particular length to
accommodate one or more bone screws as part of the

spinal fixation system.

In Figures 4 and 4B, a second alternate
embodiment embodiment of the apparatus of the present
invention is shown designated generally by the numeral
45. 1In Fiqure 4, there can be seen bone screw 45
having a shank 46 portion with a coarse thread 47
thereon. At the upper end portion of bone screw 45, an
enlarged head portion 48 is provided that includes a
hexagonal portion 49 having a flat upper surface 50,
and communicating with a hemispherically shaped lower
surface 51 that can be integrally formed with hexagonal
portion 49 and with shank 46 (Figure 4A). The flat
upper surface 50 could have an internally threaded
portion for connecting with a stabilising bar. Coarse
threads 47 extend to the lower end portion of shank 46,

terminating at 47A, as shown 1n Figure 4.
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Washer 52 can be of the same construction as the
washer 35 described with regard to the preferred
embodiment of Figures 1-3. Similarly, the plate 53
could be the same construction as the plate 57
described above and with regard to the prerferred

embodiment of Figures 1-3.

In Figure 4A, a partial elevational view of bone
screw 45 is shown, illustrating the upper end portion
of the screw 45 including the shank 46 and head 48
portions in operating position with plate 54 and.washer
52. The plate 53 provides a slot 54, and the washer 52
provides a hemispherical socket 55 communicating with
and extending around opening 56. In this manner, the
hemispherical surface 51 of bone screw 45 nests in and
registers with the hemispherical concave surface 55 of
washer 52. Bone screw 45 shank 46 passes through

opening 56 and slot 54.

Figure 1D shows an alternative embodiment of the
present invention designated generally by the numeral
10. Bone fixation apparatus 10 includes a bone screw
45 having an elongated shank 46 with an enlarged head
portion 48 affixed to one end of the shank 46. The
enlarged head 48 has a hemispherical surface 51 on the

undersideof the head 48 and a top surface 50. A tool
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receptive socket such as hexagonal sotket 49 is
provided on the flat top surface 50, so that the bone
screw 45 can be rotated using an alle- wrench or other

such tool or instrument.

The lower tip 54 of the bone screw 45
communicates with a helical thread 47 that begins at
lower tip 50 and terminates at cylindrical surface 55.
The cylindrical surface 55 and hemispaerical surface 51
interface with washer 35 at opening 5:-58 (see Figures

6-11) as will be described more fully hereinafter.

Washer 35 provides a transverse plate member 41
having an upper surface 59. Extendiny downwardly from
transverse plate member 41 is a pair 2f spaced apart

plate members in the formof sidewalls or flanges 60,

61.

Figures 6 and 7 show the washer 35A having
sidewalls/flange members 60 and 61. The embodiment of
Figures 8 and 9 provide sidewall or flange members 60B
and 61B. The embodiment of Figures 10 and 11
illustrate sidewall or flange members 60C and 61C. The
washer 35 is designed to fit over plate member 17 and
mate with the teeth 27, 28 of the plate 17. The washer
35 is placed after the plate 17 1s pcsitioned on the

left or right side of the lateral mass of cervical bone
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tissue.

The washer 35 can have an asymmetrical cross
section that corresponds to the asymmetrical cross
section of the plate 17. Washers 35A, 35B and 35C are
provided that will have three hole configurations, as
shown in drawing Figures 6 and 7 (right side version),
Figures 8 and 9 (left side version) and Figures 10 and
11 (neutral version). Thus, the three hole
configurations require three separate parts, namely

right (35A), left (35B), and neutral (35C).

The right (35A) and left (35B) sizes will have a
hole or opening 56, 57 respectively through the
transverse plate member 41 as show in Figures 6-7, 8-9.
In the case of the embodiments of Figures 8-9, the
opening 56 will be at a twenty degree (20°) lateral
(right) and thirty degree (30°) cephalad. The left
hole embodiment of Figures 8-9 place the hole or
opening 57 at twenty degrees (20°) lateral (left) and
thirty degrees (30°) cephalad. Both the right and left
washer embodiments 35A, 35B of Figures 6-7 and 8-9
respectively will be used with the Magerl technique for
placing the bone screw 11. The neutral washer of
Figures 10-11, designated by the numeral 35C will have
an opening or hole 58 placed perpendicualr to the

central body, allowing the screw 45 to be placed
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straight into the lateral bone mass using the
Roy-Camille technique. All three washers 35A, 35B, 35C

can have a 3.5 millimetre hole with a spherical

countersink, for example.

A recess 52 between the sidewall/flange members
60-61 1s sized to receive the cross sectional area of
plate member 17. As shown in Figure 2A plate member 17
has an upper surface 1l7A with a slot 54 therethrough. The
plate 17 provides end portions 18, 19 and slot sidewall 23.
The slot sidewall 23 includes a pair of angled surfaces 62,
63 while the opposite slot sidewall 24 includes angled

surfaces 64, 65.

The lower surface 17B of the plate member 17
forms an acute angle with respect to the upper sufface
17A of the plate member 17. In figures 3A,3B and 5, the
apparatus 10 is shown as installed in the cervical bone
tissue, the cervical bone tissue being designated by

the numerals 66-71.
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CLAIMS

1. Bone fixation apparatus comprising at least two
fixation members adapted, at a first end, to be
implanted into bone tissue at spaced apart portions, a
plate member having a palr of opposed parallel
peripheral edges and having an elongated slot formed
therein between said edges and a load transfer member
for distributing the load from each fixation member to
the plate member wherein the load transfer member and
the slot in the plate member are each adapted to permit
placement of a portion of the fixation member
therethrough and said plate member and said load
transfer member are adapted to co-operate to provide
means for the fine adjustment of the spacial
relationship between the plate member and the load
transfer member characterized in that the load transfer
member and sald peripheral edges of the plate member
are adapted to co-operate to provide means for the fine
adjustment of the spacial relationship between the

plate member and the load transfer member.

2. Apparatus according to claim 1 wherein the fixation
member 1s provided with a screw thread at said first

end.
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3. Apparatus according to either claim 1 or claim 2

wherein said fixation member has an end portion having

a load transfer surface.

4 . Apparatus according to claim 1 or claim 2 wherein

sald fixation member has a threaded section for

threadably receiving a nut.

5. Apparatus according to any one of claims 1 to 4

wherein said plate member has upper and lower surfaces

angled with respect to each other.

6. Apparatus according to claim 5 wherein said load

transfer member 1s adapted to support said fixation
member along a line that forms an acute angle with

regpect to the upper surface of the plate member.

7. A bone fixation apparatus, comprising:

a) first fixation means comprising bone bolt means

having first end portions adapted to be surgically

implanted into a patilient's bone tissue and at first and

second spaced apart positions on the bone tissue;

b) a central section of the bone bolt means having

a load transfer surface;

c) the bone bolt means having a threaded section

for threadably receiving a nut;
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d) a plate member having upper and lower surfaces
and parallel outer opposed edges with an elongated slot
surrounded by a peripheral portion having said parallel
outer opposed edges;

e) the edges carrying fine adjustment means
extending between the upper and lower surfaces for
affixing the position of the bone bolt with respect to
the plate; and

f) a load transfer member interfacing the plate
member and the bone bolt means, for distributing load
from the bone bolt means to the plate member and
including sidewall portions for engaging the fine
adjustment means at the edges, and an opening in the
load transfer means for placement of a portion of the

bone bolt means therethrough.

8. A bone fixation apparatus as claimed in any of
claims 1 to 6, whereiln said parallel, opposed,
peripheral edges carry fine adjustment means extending
between the upper and lower surfaces for affixing the
position of the fixation member with respect to the

plate.

9. An apparatus as claimed in any of claims 1 to 6,
wherein saild load transfer member includes sidewall

portions for engaging the fine adjustment means at said

A e e -
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peripheral edges and an opening for placement of a

portion of said fixation member therethrough.

10. Apparatus according to any one of claims 1 to 9

wherein the load transfer member includes a washer

having a first flange that extends across the slot

TR edh s e i, ey § S el WV 4 S, -
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between the edges and a pair of intersecting flanges

extending at angles thereto.

11. Apparatus according to any one of claims 1 to 10
wherein the slot is sized to accommodate a pair of

spaced apart and surgically implanted fixation means.

12. Apparatus according to any one of claims 1 to 10

wherein the fine adjustment means includes teeth spaced

along the edges.

13. Apparatus according to claim 12 wherein the fine
adjustment means includes regqularly spaced teeth spaced
along each of the edges and corresponding teeth on the

load transfer member for engaging the teeth of the

edges.

14. Apparatus according to any one of claims 1 to 13
wherein the load transfer member has an opening therein

with a centre that registers with the central axis of

the slot during use.

15. Apparatus according to any one of claims 1 to 14

wherein the load transfer member includes a recess that
registers with the plate so that said member slides

upon the plate at the recess.
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16. Apparatus according to any one of claims 1 to 15

wherein the load transfer member has three intersecting
flange portions including a centre flange and two side
flanges that are spaced apart and positioned to bear

against the edges of the plate member.

17. Apparatus according to any one of claims 1 to 16
further comprising a nut with a spherical lower surface
and the load transfer washer opening is spherically

shaped to receive the nut.

18. Apparatus according to any one of claims 1 to 17
comprising: wherein the fixation member comprises a
bone bolt having a central section bearing a
longitudinally extending, shaped load transfer surface,

said bolt having a second threaded section for
threadably receiving a nut; and said

a bone plate member having upper and lower
surfaces and parallel outer opposed edges with an
elongated slot surrounded by a peripheral portion
having said parallel outer opposed edges the plate
lower surface being countersunk at the slot to f£it the
bone bolt load transfer surface, and the slot being
sized to receive the second threaded section of the

bone bolt.

19. Apparatus according to claim 18 wherein the edges
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of the bone plate member carry closely spaced fine
adjustment means extending between the upper and lower
surfaces for affixing the position of the bone bolt
with respect to the plate and including several
adjustment positions per the thickness of the bone

bolt.

20. Apparatus according to claim 18 or 19 further
comprising a nut with a curved annular lower surface
and wherein the load transfer member has an opening
therein with a centre that registers with the central

axis of the slot during use, and the opening is shaped

corresponding to the nut for receiving the nut.

21. Apparatus according to claim 18 or 19 further
comprising a nut with a spherical lower surface and the

load transfer member opening is spherically shaped to

receive the nut.

22. Apparatus according to any one of claims 18 to 21
wherein the opening has a surrounding hemispherical

portion that receives a corresponding hemispherical

portion of the nut.

23. Apparatus according to any one of claims 18 to 22
wherein the slot has a lower beveled surface and the

bone bolt has a corresponding surface that abuts the
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beveled surface for load transfer.

24 . Apparatus according to any one of claims 1 to 17

wherein the fixation member is a bone screw.

25. Apparatus according to claim 24 wherein the load
transfer member includes a hemispherical surface that

registers with the load transfer surface of the bone

SCYrew mearns.

26 . Apparatus according to either claim 24 or claim 25
wherein the load transfer member has three intersecting
flange portions including a center flange and two side

flanges that are spaced apart and positioned to bear

against the edges of the plate member.

27. Apparatus according to any one of claims 24 to 26

wherein the load transfer member has an angled opening

that receives the bone screw in an angled position with

respect to the plate upper surface.

28. An apparatus as claimed in any of claims 24 to 27

wherein,

a bone plate member having upper and lower planar
surfaces that form an acute angle, and parallel outer

opposed edges, with an elongated slot surrounded by a
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peripheral portion having said parallel outer opposed

edges and

the plate slot being an angled slot that is offset

by an acute angle with respect to the plate upper

surface.

29. Apparatus according to claim 28 wherein the load

transfer member includes a washer having a first flange
that extends across the slot between the edges, and a

palir of intersecting flanges extending at angles

thereto.
30. A bone fixation apparatus according to claim 28,
comprising:

a) a palr of bone screws each having first end

portion adapted to be surgically implanted into a
patient's cervical bone mass and at first and second
spaced apart positions on the bone mass:

b) a plate member having upper lower surfaces
and parallel outer opposed edges with an elongated
longitudinal slot surrounded by a peripheral portion
and having said parallel outer opposed edges and the
plate being asymmetrical transverse cross section;

C) the edges carrying fine adjustment means
extending between the upper and lower surfaces for

affixing the position of the bone screw with respect to

the plate; and

VI W S L Y VR, a—



e 2064277

d) a load transfer washer interfacing the
plate member and the bone screws for distributing load
from the bone screws to the plate member and including
sidewall portions of the washer for engaging the fine
adjustment means at the edges, and an opening in the
washer for placement of a portion of each bone screw

therethrough at an angle with respect to the plate

upper surface.

31. A bone fixation apparatus as claimed in any of
claims 24 to 27 wherein the plate member has an
asymmetrical cross section, upper and lower surfaces,
and parallel outer opposed edges with an elongated slot
surrounded by a peripheral portion having said parallel
outer opposed edges;

the load transfer member comprising a washer
having a countersunk opening for receiving the bone
screw upper end portion load transfer surface, and for
placement of a portion of the bone screw therethrough;

sald opening in said washer being adapted to allow
the bone screw to penetrate the washer at an acute

angle with respect to the plate upper surface.
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