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(57) ABSTRACT 

This invention relates to orthopedic implants and to methods 
of treating bone defects. More speci?cally, but not exclu 
sively, the present invention is directed to non-metallic 
implants and to methods for intra-operative assembly and 
?xation of orthopedic implants to facilitate medical treat 
ment. The non-metallic implant assembly can be secured to 
underlying tissue by a fastener, such as a bone screW, that is 
capable of sWelling on contact With ?uid in the underlying 
tissue. Alternatively, the non-metallic implant assembly can 
be assembled intra-operatively using a fastener that is adhe 
sively bonded to a bone plate or the bone plate can be 
deformed using heat, force, or solvents to inhibit Withdrawal 
of the fastener. In preferred embodiments, both the fastener 
and the bone plate are formed of biodegradable material. 
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NON-METALLIC IMPLANT DEVICES AND 
INTRA-OPERATIVE METHODS FOR ASSEMBLY 

AND FIXATION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to orthopedic implants 
and to methods of treating bone defects. More speci?cally, 
but not exclusively, the present invention is directed to non 
metallic orthopedic implants, methods for intra-operative 
assembly of the orthopedic implants, and methods of internal 
?xation of bone tissue to facilitate medical treatment. 

[0002] It is knoWn to use orthopedic implants, such as 
plates, rods, and screWs, to repair and treat bone defects, such 
as cracked and broken bones, and disorders of the musculosk 
eletal system. In the past, many of the orthopedic implants 
Were formed primarily of metallic materials. The metallic 
implants offer many advantages. They can be readily steril 
iZed, are biocompatible, and provide the requisite strength for 
support and/or ?xation of the bony tissue. HoWever, metallic 
implants also exhibit a signi?cantly greater compressive 
modulus over cortical bone. The metallic implant can stress 
shield neW bone groWth to induce osteoporosis and/or 
osteopenia, resulting in cortical bone that is prone to refrac 
ture. After the bone defect Was repaired, often the implants 
Were no longer needed to maintain the patient’s mobility. 
While some metal implants Were alloWed to remain in place, 
many Were removed. Their removal required a second surgi 
cal procedure. Obviously, it Would be more desirable to elimi 
nate the second surgical procedure to minimiZe patient pain/ 
discomfort, chance of infection, and subsequent trauma to the 
neWly healed site, While at the same time removing the 
implant as a potential source of irritation for surrounding 
tissue. 

[0003] More recently, neW treatment methods and 
improved materials, including non-metallic implants, have 
been used to treat bone defects. The non-metallic implants 
can remain in the body, or alternatively, selected implants can 
be made of materials that biodegrade over a time period 
ranging from a feW days to several months. 

[0004] While the neW materials have provided signi?cant 
advances over the previous medical devices, there still remain 
signi?cant problems requiring continued development for 
non-metallic medical implantsinot the least of Which is their 
loWer mechanical strength compared With their metallic 
counterparts. Typically, non-metallic orthopedic implants 
have not provided su?icient strength to be used alone for 
internal ?xation of load-supporting bone tissue, such as the 
long bones of the upper and loWer limbs and the spine. Fur 
ther, selected non-metallic implants such as bone plates can 
fail When installed With non-metallic bone fasteners. Reduced 
friction betWeen contacting surfaces of fastener and bone 
plate; loWer mechanical strength; loWer holding force; and in 
selected materials, biodegradation of the implants them 
selves, to name a feW examples, all can contribute to an 
unacceptable failure rate for the non-metallic implants. Even 
metallic fasteners have been knoWn to dislodge or back out 
from the implant and/ or bone tissue. The non-metallic fasten 
ers can be even more prone to dislodge. The non-metallic 
fasteners cannot be tightened or torqued suf?ciently to pre 
vent the fastener from disengaging from the plate. The non 
metallic bone screWs do not exhibit the mechanical strength 
of metal counterparts, and typical mechanical lock mecha 
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nisms and techniques often fail to maintain an integral con 
nection With non-metallic fastenersirequiring revision sur 
gery. This can be acerbated for implants formed from 
biodegradable materials, Which successively degrade over 
time and Which become increasingly Weaker as they degrade. 
These are but a feW of the problems faced by patients and their 
physicians in selecting an appropriate course of treatment. 

[0005] In light of the above-described problems, there is a 
continuing need for advancements in the relevant ?eld, 
including improved methods, compositions, and devices to 
provide non-metallic implants that exhibit a high rate of suc 
cessful orthopedic and musculoskeletal treatment and yet 
reduce necessity for subsequent surgical intervention. The 
present invention is such an advancement and provides a Wide 
variety of bene?ts and advantages. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates to orthopedic implants 
and to the manufacture and use thereof. Various aspects of the 
invention are novel, nonobvious, and provide various advan 
tages. While the actual nature of the invention covered herein 
can only be determined With reference to the claims appended 
hereto, certain forms and features Which are characteristic of 
the preferred embodiments disclosed herein are described 
brie?y as folloWs. 

[0007] In one form, the present invention provides an 
implant assembly that comprises a bone plate having at least 
one opening extending therethrough and a bone fastener 
received Within the opening. The bone fastener has a proximal 
head, a bone engaging distal portion, and a shaft therebe 
tWeen. The fastener, the bone plate, or both, are formed of a 
polymeric material capable of deforming to ?xedly interen 
gage the fastener to the bone plate. 

[0008] In another form, this invention provides an implant 
assembly that comprises a bone plate having an opening 
extending therethrough and a fastener that is received Within 
the opening. The fastener has a head, a threaded distal portion, 
and a shaft therebetWeen. At least a portion of the fastener is 
formed of a polymeric material capable of sWelling upon 
contact With body ?uid to ?xedly secure the fastener to the 
bone plate. 

[0009] In another form, this invention provides an implant 
assembly comprising a bone plate having at least one opening 
extending therethrough and a fastener that is to be received 
Within the opening. The fastener has a proximal head, a distal 
bone engaging portion, and a shaft therebetWeen. At least one 
of the fasteners and the bone plate include an adhesive to 
?xedly interengage the fastener to the bone plate. 

[0010] In yet another form, this invention provides a 
method of ?xedly securing a fastener to a bone plate. The 
method comprises surgically preparing bone tissue in need of 
repair for receipt of a bone plate; placing a bone plate having 
at least one opening proximal to the bone tissue in need of 
repair; and inserting a fastener through the opening and into 
the bone tissue. At least one of the fastener and the bone plate 
is deformed to ?xedly secure the bone screW to the bone plate. 

[0011] In still yet another form, this invention provides a 
method of ?xedly securing a bone screW to a bone plate. This 
method comprises surgically preparing bone tissue in need of 
repair for receipt of a bone plate; placing a bone plate having 
at least one opening therethrough proximal to the bone tissue; 
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and inserting a bone screw through the opening and into the 
bone tissue. At least one of the fastener and the bone plate 
include an adhesive to ?xedly secure the fastener to the bone 
plate. 

[0012] Further objects, features, aspects, forms, advan 
tages, and bene?ts shall become apparent from the descrip 
tion and draWings contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a perspective vieW of one embodiment of a 
non-metallic bone plate and of a non-metallic fastener 
according to this invention. 

[0014] FIG. 2 is side elevation vieW of an alternative 
embodiment of a deformable bone plate and fastener accord 
ing to the present invention. 

[0015] FIG. 3 is a side elevation vieW illustrating the 
interengagement of the fastener and deformable bone plate of 
FIG. 2. 

[0016] FIG. 4 is a side elevation vieW illustrating the defor 
mation of the bone plate and fastener of FIG. 3. 

[0017] FIG. 5 is a side elevation vieW of an alternative 
embodiment of the interengagement of a bone plate and fas 
tener. 

[0018] FIG. 6A is a side elevation vieW of one embodiment 
of a bone plate and deformable fastener for use With this 
invention. 

[0019] FIG. 6B is a side elevation vieW illustrating the 
deformation of the fastener and bone plate of FIG. 6A. 

[0020] FIG. 7 is side elevation vieW of one embodiment of 
a deformable bone plate and fastener secured to bone tissue. 

[0021] FIG. 8 is a side elevation vieW of a non-metallic 
fastener adhesively bonded to a bone plate according to this 
invention. 

[0022] FIG. 9A is a perspective vieW of one embodiment of 
a single-level deformable vertebral plate for this invention. 

[0023] FIG. 9B is a top plan vieW of the vertebral plate of 
FIG. 9A. 

[0024] FIG. 10A is a perspective vieW of one embodiment 
of a tWo level deformable vertebral plate for this invention. 

[0025] FIG. 10B is a top plan vieW ofthe vertebral plate of 
FIG. 10A. 

[0026] FIG. 11 is a side elevation vieW of the deformable 
plate of FIG. 10A, securing three lumbar vertebrae. 

[0027] FIG. 12 is a top plan vieW of one embodiment of a 
deformable plate suitable for use in anterior ?xation of the 
spine according to this invention. 

[0028] FIG. 13 is a top plan vieW of another embodiment of 
a deformable plate suitable for use in anterior ?xation of the 
spine according to this invention. 

[0029] FIG. 14A is a top plan vieW ofone embodiment ofa 
single level deformable plate for use in this invention. 

[0030] FIG. 14B is a top plan vieW ofone embodiment ofa 
multilevel deformable plate for use With this invention. 
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[0031] FIG. 15 is a top plan vieW of one embodiment ofa 
deformable plate for use in posterior ?xation of the spine 
according to this invention. 

[0032] FIG. 16 is a top plan vieW of one embodiment ofa 
deformable plate suitable for ?xation of cervical vertebrae 
according to this invention. 

[0033] FIG. 17 is perspective vieW on one embodiment of a 
bone plate assembly for use in this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made to 
the embodiments illustrated herein and speci?c language Will 
be used to describe the same. It Will nevertheless be under 
stood that no limitation of the scope of the invention is thereby 
intended. Any alterations and further modi?cations in the 
described processes, systems, or devices, and any further 
applications of the principles of the invention as described 
herein, are contemplated as Would normally occur to one 
skilled in the art to Which the invention relates. 

[0035] In general, one form of the present invention 
includes an implant comprising a bone plate or other suitable 
remedial orthopedic structure and a bone fastener. The bone 
fastener can be used to secure the bone plate to the bone tissue 
to maintain the desired position of the implant. In a more 
speci?c form, the implant is securely positioned during sur 
gery by ?xedly interengaging the bone fastener to the bone 
plate and the bone tissue. The bone fastener can be secured to 
the bone plate With a variety of techniques and in various 
con?gurations. In one form, the bone fastener is mechanically 
secured to the bone plate, preferably by deformation of either 
the fastener, the bone plate, or both. In alternative forms, the 
bone fastener can be adhesively secured to the bone plate. In 
still yet another form, the bone fastener can be formed of 
material that sWells upon contact With body ?uids, such that 
the bone fastener is mechanically secured to the bone tissue to 
inhibit fastener pullout. 

[0036] FIG. 1 illustrates one embodiment of an implant 10 
that includes a bone plate 12 and a bone fastener 14, respec 
tively. Bone plate 12 includes at least one opening 16 for 
receipt of a portion of the bone fastener therethrough. It is 
understood that plate 12 is a styliZed con?guration of a bone 
plate or suitable remedial orthopedic implant and that bone 
plate 12 can be formed in various con?gurations. (See, for 
example, FIGS. 9A-16.) Preferred con?gurations conform 
anatomically to bone tissue or other tissue to be treated. 
Alternatively, bone plate 12 can be con?gured to a desired 
con?guration to provide a support structure for rehabilitation 
of damaged or diseased bone tissue. It Will be further under 
stood that plate 12 is suf?ciently rigid to provide bone ?xation 
for treatment of bone defects, such as cracks, breaks, and 
other bone deformities, and correct alignment of adjacent 
bone structures, for example, adjacent vertebral bodies. 

[0037] Bone plate 12 canbe formed of a non-metallic mate 
rial, such as polymeric, composite materials, With or Without 
reinforcement such as ?bers, ?llers, platelets, and the like. 
Examples of suitable materials are discussed beloW. Altema 
tively, bone plate 12 can be formed of a metallic material and 
?xedly secured to bone tissue using a non-metallic fastener 
such as fastener 14. 

[0038] Opening 16 is adapted to receive a portion of fas 
tener 14. Preferably, opening 16 provides a recess or coun 
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tersunk section 20 so that the head 21 of fastener 14 can be 
recessed below the upper surface 18 of bone plate 12. Addi 
tionally, opening 16 can be deformed With mechanical 
energy, heat energy, solvent, or a combination thereof to 
?xedly engage fastener 14. In the illustrated embodiment, 
opening 16 is depicted as a substantially circular opening. In 
alternative forms, opening 16 can be provided in a variety of 
con?gurations, for example, as an oblong opening or a slot, to 
alloW intra-operative positioning of bone plate 12 and/or fas 
tener 14. This invention provides particular advantages for 
securing a fastener in a particular location Within a slot 
formed in a bone plate. The fastener is secured in the slot to 
one location. Once the fastener is secured to the underlying 
tissue, even in the absence of additional securing means, the 
plate does not shift or move With respect to the underlying 
tissue. 

[0039] Material 19 adjacent to opening 16 can be deformed 
to partially block or overlay opening 16. In one form, defor 
mation of material 19 forms a dimple in the upper surface 18 
of plate 12. (See, for example, an alternative embodiment of 
implant assembly in FIGS. 4 and 5.) In yet another alternative, 
deformation of material 19 provides a substantially smooth 
upper surface 18. 

[0040] Fastener 14 is provided With a head 21, a tissue 
engaging portion 22, and a connecting shaft 23 therebetWeen. 
Head 21 is imprinted for receipt of a Phillips-type driving 
tool. The speci?c imprint or tool-engaging structure is not 
critical for this invention; accordingly, it is Within the scope of 
the present invention to include fasteners having various 
drive-tool-engaging structures associated With head 21. In 
addition, head 21 can be con?gured With a curved or rounded 
upper pro?le 24. Underside lip 26 of head 21 is con?gured to 
matingly engage in recessed section 20 of plate 12. In one 
form, fastener 14 is ?xedly interengaged With plate 12 by 
deformation of material 19 about opening 16. In alternative 
forms, fastener 14 is deformed to interengage material Within 
opening 16 and/or underlying tissue to prevent backout from 
plate 12 and increase its holding tenacity to underlying tissue. 
(See, for example, FIGS. SA/B and 7.) 
[0041] Tissue-connecting portion 22 is connected to head 
21 With connecting shaft 23. Preferably, but not required, 
connecting shaft 23 is formed Without external threads. Fur 
ther, connecting shaft 23 can be provided in a variety of 
lengths and outside diameters (OD). In one form, connecting 
shaft 23 provides merely a juncture betWeen head 21 and 
tissue-engaging portion 22. Further, connecting shaft 23 can 
be formed of a material to alloW the joining of tWo dissimilar 
material sione material for head 21 and a second material for 
tissue-engaging portion 22. 
[0042] Tissue engaging portion 22 includes external 
threads 28. In a preferred embodiment, fastener 14 is pro 
vided as the self-tapping screW. Therefore, external threads 
28 are suf?ciently rigid to bore into bone tissue. When so 
provided, underlying tissue need not be pre-drilled to provide 
an opening for receipt of tissue engaging portion 22. Alter 
natively, fastener 14 can be provided in a variety of con?gu 
rations With and Without threads. For example, fastener 14 
can be provided as a pin (not shoWn). The pin can, but is not 
required, to include additional structures extending laterally 
from the bone-engaging portion to engage With and poten 
tially extend into adjacent bone tissue. 

[0043] FIG. 2 illustrates one embodiment of a deformable 
implant assembly 50 according to the present invention. 
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Implant assembly 50 includes a deformable bone plate 52 
having at least one opening 54 formed therein, and a bone 
fastener 56 is provided to be received Within the opening 54 to 
secure plate 52 to tissue such as bone (not shoWn). 

[0044] Bone plate 54 is provided to secure fastener 56. In 
the illustrated embodiment, bone plate 52 includes a deform 
able portion 58 adjacent to opening 54. Deformable portion 
58 substantially encircles opening 54 providing a collar or 
cone-like structure extending beyond surface 64. In altema 
tive forms, the deformable portion need not completely 
encircle opening 54. Further, deformable portion 58 can be 
provided in a variety of con?gurations other than a cone-like 
structure, including ridges, tabs, rings and the like. The alter 
native structures need not extend beyond surface 64 of plate 
52. Deformable portion 58 and bone plate 52 can be formed of 
the same material or of different materials, Which are bonded 
or formed together. Examples of speci?c materials are dis 
cussed beloW. 

[0045] Referring additionally to FIGS. 3 and 4, Which illus 
trate receipt and subsequent ?xation of fastener 56 into open 
ing 54, fastener 56 is inserted into opening 54, preferably such 
that head 60 of fastener 56 is received beloW the upper surface 
64 of plate 52. After fastener 56 has been received Within 
opening 54, the deformable portion 58 can be deformed to 
provide a mechanical lock to prevent retropulsion of fastener 
56 from opening 54. It is preferable, but not necessary, that the 
deformable portion bear against head 60. It is suf?cient that a 
portion of the deformable portion 58 overlay a portion of 
opening 54 and head 60 to inhibit WithdraWal of fastener 56 
from opening 54. 

[0046] Deformable portion 58 can be deformed either upon 
application of heat, force, and/or solvent. Any suitable heat 
generating apparatus can be used to heat and deform the 
material in portion 58. Examples of heating apparatus include 
a hot air gun, a small Welding or soldering gun, ultra sonic 
Welders, or a Bovie tip. Also usable are lasers, Which are 
commonly provided in operating rooms. Lasers are especially 
desirable because they are precise and controlled in their 
application, can generate suf?cient heat very quickly, and 
cause less thermal necrosis because there is less misdirected 
heat. The heating process can be done pre-operatively to form 
an implant assembly. Alternatively, the heating process can be 
done outside the body, but in the operating room, to customiZe 
implants at the time of surgery; or can be done during surgery, 
in the body, When assembly of the implant is desired Within 
the body. 
[0047] Similarly, any suitable force that can be applied 
either pre-operatively or intra-operatively can be used. One 
preferred example includes the use of ultra sonic devices, 
Which can deform plastic material With little or minimal heat 
generation. 
[0048] Alternatively, solvents can be used to deform a por 
tion of the bone screW. Typically solvents that soften the 
plastic material are selected. Such solvents can include 
organic-based solvents and aqueous-based solvents, includ 
ing body ?uids. Care should be taken that the selected solvent 
is not contra indicated for the patient, particularly When the 
solvent is used intra-operatively. The choice of solvents Will 
also be selected based upon the material to be deformed. 
Examples of solvents that can be used to deform a portion of 
the bone plate include alcohols, glycols, glycol ethers, oils, 
fatty acids, acetates, acetylenes, ketones, aromatic hydrocar 
bon solvents, and chlorinated solvents. 
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[0049] In addition to deforming portion 58, any of the 
above-discussed techniques and apparatus can also be used to 
bond fastener 56 to plate 52. 

[0050] Referring speci?cally to FIG. 4, deformed portion 
66 overlays a portion of head 60 to prevent fastener 56 from 
backing out of plate 52. In the illustrated embodiment, 
deformed portion 66 resembles a circular mound With a cen 
tered dimple or recess revealing the top of head 60. It Will be 
understood that, in practice, the con?guration of deformation 
may vary depending on the method and instrumentations 
used to deform the material. For example, it is not necessary 
that the top of head 60 be visible, nor is it necessary that 
deformed portion 66 completely encircle opening 54 and/or 
fastener 56. 

[0051] FIG. 5 depicts an alternative embodiment of an 
implant assembly 90 comprising a bone plate 92 having a 
substantially planar upper surface 93 and at least one opening 
96 formed therethrough. Bone plate 92 includes a malleable 
or deformable portion 94 adjacent to opening 96. Deformable 
portion 94 can be deformed by application of heat and/or 
mechanical energy, or solvents, as previously described for 
implant assembly 50. In one form, bone plate 92 is initially 
provided in a con?guration substantially as described for 
bone plate 52 of FIG. 2. The substantially ?ush upper surface 
93 can be formed by heating the deformable material 94, 
causing it to ?oW into the bore 97 of opening 96*W1Ih or 
Without the addition of forceito urge the material into bore 
97. Preferably, deformable material 94 can be Worked into 
bore 97 by the application of force. The resulting deformable 
material 99 overlays a portion of fastener 98 received Within 
opening 96. The amount of deformable material 94 provided 
on plate 92 can vary and depend upon a number of factors 
including the selection of deformable material, the composi 
tion of the fastener and the plate, the diameter of the opening 
96, the diameter of fastener 98, and the amount, if any, the 
deformed material extends beyond upper surface 93. 

[0052] If desired, any portion of deformable material 94 
protruding above the upper surface 93 can be removed by 
cutting or planing. When thus provided, the resulting implant 
assembly 90 provides a smooth outer surface to reduce irri 
tation to adjoining tissue overlaying upper surface 93. 

[0053] FIGS. 6A and 6B illustrate yet another embodiment 
of a deformable fastener and bone plate assembly 100. 
Assembly 100 includes at least one deformable fastener 102 
and a bone plate 104 having at least one opening 106 formed 
therethrough. Opening 106 de?nes an internal bore 108 hav 
ing a circumferential recess 112 axially positioned therein. 
Recess 112 is illustrated as having a concave surface 113 
extending about the entire circumference of bore 108. It is 
intended that recesses having a Wide variety of internal sur 
face con?gurations come Within the scope of this invention. 
The various recess con?gurations need not completely 
encircle bore 108. In alternative embodiments, recess 112 can 
also include a Wide variety of structural features to inhibit 
rotation of a deformed fastener received Within bore 108. 
Examples of these structural features include roughened or 
knurled surfaces, as Well as grooves and/or ridges extending 
axially through bore 108. Bore 108 also includes a fastener 
bearing surface 119 positioned axially from recess 112. 

[0054] Referring speci?cally to FIG. 6A, deformable fas 
tener 102 is depicted prior to deformation. Fastener 102 
includes a head 114 having a deformable portion 116, con 
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necting shaft 118, and tissue engaging portion 120. Deform 
able portion 116 of head 114 includes additional material 
capable of being deformed upon application of heat energy or 
Work energy. 

[0055] Head 114 is con?gured With a drive tool engaging 
structure as described for head 21 of fastener 14. Underneath 
surface 122 of head 108 overhangs connecting shaft 118. 
When fastener 102 is fully received Within opening 106, 
underneath surface 122 bears against fastener bearing surface 
119 and prevents head 108 from being driven completely 
through opening 106. 

[0056] Referring noW speci?cally to FIG. 6B, deformed 
fastener 124 is depicted in opening 106 in a deformed state. 
Deformed portion 126 expands to substantially ?ll recess 
112. The deformed portion effectively inhibits removal or 
backing out of fastener 102 from opening 106. Deformed 
portion 126 can be deformed using techniques and instru 
ments as previously described for implant assembly 50. 
Deformed portion 126 can be prepared from any suitable 
material; speci?c examples are discussed beloW. 

[0057] FIG. 7 depicts an implant assembly 140 comprising 
plate 142 and at least one fastener 144. Implant assembly 140 
is illustrated as partially secured to bone tissue 141 bridging 
defect 145, Which is presented as a crack or break in bone 
tissue 141. Bone plate 142 includes at least one opening 143 
positioned on one side of defect 145 and at least one second 
opening 144 positioned on the opposite side of defect 145. If 
desired or required for optimum treatment, plate 142 can have 
multiple openings for receipt of an equal number of fasteners. 
Bone fastener 146 is depicted Within opening 144 and 
engaged to tissue 141 such that head 149 of fastener 146 is 
positioned beloW the upper surface 150 of plate 142. Second 
bone fastener 147 is illustrated adjacent to opening 143 in 
plate 142 and pre-drilled hole 148 in tissue 141. It is under 
stood that openings 143 and 144 may be pre-formed in bone 
plate 142. Alternatively, openings 143 and 144 may be 
located and bored during surgery. Fabrication of bone plate 
142 out of non-metallic materials facilitates locating and 
drilling openings 143 and 144 intra-operatively. Typically, 
non-metallic materials are much softer and therefore easier to 
drill than their metallic counterparts. First bone fastener 146 
is received Within opening 144 and threadedly secured to 
bone tissue 141. 

[0058] In operation, fastener 147 is inserted through open 
ing 143 threadedly engaged into predrilled hole 148 in tissue 
141. Predrilled hole 148 can be tapped or untapped to thread 
edly receive fastener 147. Fastener 147 is advanced so that an 
underneath portion 151 of head 152 bears against beveled 
surface 153 of opening 143. This ?xedly secures bone plate 
142 to bone tissue 141. 

[0059] In the illustrated embodiment, tissue-engaging por 
tion 154 of second fastener 147 is formed of a material that is 
capable of sWelling upon contact With body ?uid. Immedi 
ately upon contacting bone tissue 141 or subsequent thereto, 
tissue-engaging portion 154 begins absorbing body ?uid typi 
cally contained Within the tissue. This causes the tissue-en 
gaging portion 154 to sWell and mechanically interlock With 
internal tissue 141 and/or the Walls 155 of opening 148 to 
?xedly secure both screW 147 and bone plate 142 to tissue 
141. Tissue-engaging portion 154 can be formed of a material 
selected to absorb body ?uid, for example, blood, serum, 
plasma, and the like, found in body tissues. A variety of 
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materials can be selected to provide the bone-engaging por 
tion capable of swelling in contact With body ?uid. Non 
limiting examples include oligomers, homopolymers, 
co-polymers, and polymer blends that include polymerized 
monomers derived from d, l and d/l lactic acid (lactide) and 
glycolic acid (glycolide) caprolactone, amides, and mixtures 
of these monomers. Examples of polymers, co-polymers, and 
polymer blends for use in the this invention include, but are 
not limited to: l, d, d/l, polylactide, polyglycolide, poly(lac 
tide-co-glycolide), tyrosine-derived polycarbonate, polyan 
hydride, polyorthoester, and polyphosphaZene. Further, the 
capability of a polymeric material to sWell can be modi?ed by 
varying the degree of polymerization, crystallinity, and com 
position of the polymer. Use of the term co-polymers is 
intended to include Within the scope of the invention poly 
mers formed of tWo or more unique monomeric repeating 
units. Such co-polymers can include random copolymers; 
graft copolymers; block copolymers; radial block, diblock, 
and triblock copolymers; alternating co-polymers; and peri 
odic co-polymers. 

[0060] It can be observed in FIG. 7 that the tissue-engaging 
portion 156 of fastener 146 is sWollen. In preferred embodi 
ments, the sWollen tissue-engaging portion bears against the 
bone tissue surface internal to the predrilled hole 158. Fur 
ther, it should be understood that the tissue-engaging portion 
156 sWells suf?ciently to effectively inhibit removal of sec 
ond fastener 146 from opening 144 primarily through a 
mechanical interlock mechanism. 

[0061] FIG. 8 provides yet another embodiment of an 
implant assembly 190 according to the present invention. 
Implant assembly 190 includes a bone plate 192 having at 
least one opening 194 formed therethrough, and a bone fas 
tener 196 received Within the at least one opening 194. As 
discussed earlier, bone fastener 196 includes a head 200, a 
tissue-engaging portion 204, and a connecting shaft 202 ther 
ebetWeen. Fastener 196 is ?xedly secured to bone plate 192, 
preferably by bond 206. 

[0062] Fastener 196 can be secured to the bone plate by 
solvent bonding. In this form, it is preferable that the fastener 
and bone plate be formed of compatible material amenable to 
solvent Welding. Typically a solvent4often an organic sol 
ventiis applied to both surfaces, i.e., the underside surface 
208 of head 200 and inner surface 198. The solvent softens 
and can dissolve a portion of the material. Once the material 
is suf?ciently plastic, the fastener is advanced through open 
ing 194 and into underlying tissue until surface 208 contacts 
surface 198. The solvent is then removed by evaporation With 
or Without the addition of heat. The resulting implant assem 
bly is suf?ciently bonded together, preferably by a semi 
interpenetrating polymer network, for a time su?icient to 
promote healing of the bone defect. As With the previously 
described implant assemblies, the bone fastener 196 and bone 
plate 192 can be made of biodegradable material. 

[0063] Fastener 196 can also be adhesively bonded at the 
interface betWeen the inner surface 198 of the at least one 
opening 194 and an underneath surface 208 of head 200. The 
adhesive to bond fastener 196 to bone plate 192 is selected to 
be biocompatible, preferably biodegradable. Examples of 
adhesives for use in the present invention include cyanoacry 
late, epoxy, polyester, polyole?n, polyurethane, silicone 
adhesives, and knoWn derivatives thereof. The adhesive can 
be cured by applying heat, free radical initiated either chemi 
cally by light and/or radiation. 
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[0064] The adhesive can also be selected to be either a 
one-part or a multi-part adhesive. The one-part adhesive may 
be applied either to the bone fastener 210 and/or bone plate 
192. When the adhesive is selected to be a multi-part adhe 
sive, at least one part of the adhesive 212 can be provided on 
the bone fastener 210, preferably on the underside surface 
214 of head 216, and a second part of the adhesive 220 can be 
provided on the bone plate 192 in the inner surface 222 of 
opening 218. 

[0065] In the embodiment depicted in FIG. 8, fastener 214 
is illustrated as bone screW. This con?guration provides dis 
tinct advantages for a multi-part adhesive system. When fas 
tener 214 is threadedly engaged With underlying bone tissue, 
the ?rst part of the adhesive 212 on underneath surface 214 
initially contacts the second part of the adhesive 220 on the 
inner surface 222. Continued rotation of fastener 214 serves 
to interrnix the tWo parts of the adhesive to provide a homog 
enous multi-part adhesive. This homogenous multi-part 
adhesive can rapidly cure to form a strong adhesive bond 
betWeen bone fastener 110 and bone plate 192. 

[0066] The present invention can also include a pressure 
sensitive adhesive. The pressure-sensitive adhesive can be 
provided in either a single-part or a multi-part adhesive as 
described above. Pressure-sensitive adhesives provide advan 
tages over other adhesives, Which often require cure time. For 
example, pressure-sensitive adhesives have distinct abilities 
to bond dissimilar materials together. They also can form 
strong, adherent bonds to human tissue, and there is no need 
for a lengthy cure time or initiator, such as light or heat, to 
initiate curing of the adhesive. The pressure-sensitive adhe 
sive can be applied to the tissue-engaging portion of the 
fastener. Once the fastener is implanted into the tissue, it can 
secure the attached bone plate. The pressure-sensitive adhe 
sive can be selected to provide su?icient adhesion and su?i 
cient shear strength to maintain the bone fastener Within the at 
least one opening 194. Further, the pressure-sensitive adhe 
sive can be preapplied to either bone plate 192 and/or fastener 
196. This can be applied during the manufacturing process of 
either component. Alternatively, the adhesive can be applied 
during or immediately before surgical procedures. When the 
pressure-sensitive adhesive is applied in manufacturing pro 
cesses, it is desirable to include a non-adherent covering such 
as a removable backing paper to cover the portion of the 
implant covered by the adhesive. This alloWs the adhesive to 
be handled and shipped Without adversely affecting the adhe 
sive and maintains clean, substantially non-contaminated sur 
faces, although it should be understood that the components 
should be steriliZed prior to any surgical procedures. When 
desired, the pressure-sensitive backing can be removed from 
covering the adhesive so that the tWo components can be 
secured together. 

[0067] The pressure-sensitive adhesive can be selected 
from a Wide variety of knoWn compounds. Examples include: 
acrylics adhesives, silicon adhesives, polyester adhesives, 
and polyurethane adhesives. As With the above-mentioned 
adhesive, the pressure-sensitive adhesives can be provided in 
one or multi-part components. 

[0068] Typically the release backing includes a silicon 
coated paper that can be readily removed immediately before 
or during surgical procedures. After removal of the backing, 
the bone fastener is threadedly engaged or advanced through 
an opening in a bone plate. As mentioned before, the bone 
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fastener can be either a pin or a threaded bone fastener such as 
a bone screW. When a bone screW is used, the bone screW can 
be advanced into a predrilled hole in the bone tissue. Alter 
natively, the bone screW canbe self-tapping. Once a portion of 
the fastener, preferably the underside surface of a fastener 
head, bears against the bone plate, for example, inner surface 
of an opening formed in the bone plate, the adhesive can be 
alloWed to cure. Typically curing times are relatively short, 
lasting betWeen seconds to several minutes. Once the adhe 
sive has cured, the bone fastener is ?xedly secured to bone 
plate such that it does not back out or loosen during normal, 
recommended physical activities of the patient. 

[0069] FIGS. 9A and 9B illustrate one example of a ?exible 
plate 250 for use With this invention. Plate 250 includes 
multiple openings 252 for variations for attachment to ana 
tomical structures. The multiple openings provide the sur 
geon With multiple options for ?xation and correction of bone 
and muscular tissue. The surgeon can select the number of 
fasteners and the speci?c opening through Which to insert the 
fasteners, depending upon the available healthy tissue, its 
condition, and the overall anatomy or macrostructure of bone 
tissue. 

[0070] In one form, bone plate 250 can be used to facilitate 
reattachment or strengthening of ligaments and/ or tendons to 
bone structures. The location and siZe of the multiple open 
ings 252 can be provided to enhance the ?exibility of bone 
plate 250 to alloW suf?cient mobility and articulation of 
joined bodies and tissues. In addition, bone plate 250 has a 
thickness represented by reference line 254 selected to further 
facilitate ?exibility yet maintain su?icient strength to main 
tain ?xation of the joined bodies. In preferred embodiments, 
the thickness of bone plate 250 is selected to be betWeen about 
0.5 mm and about 4 mm; more preferably, betWeen about 1.5 
mm and about 2.5 mm. It is also understood that the ?exibility 
of bone plate 250 can be varied by varying either its thickness, 
the number and location of the multiple openings 252, or the 
material used to form it. 

[0071] In one preferred embodiment, the bone plate is pro 
vided as a single-level plate suitable for attachment to adja 
cent vertebral bodies, for example, to attach adjacent lumber 
vertebra and either re-attach, strengthen, or replace a dam 
aged anterior longitudinal ligament (ALL). The implanted 
bone plate can improve extension of the patient’s spine after 
surgeryiyet still maintain desired disc height betWeen the 
co-joined vertebrae. In this embodiment, plate 250 has a 
height, represented by reference line 256, that is selected to be 
betWeen about 20 mm and about 60 mm; more preferably 
betWeen about 40 mm and about 50 mm. Similarly, the Width 
of bone plate 250, represented by reference line 258, is 
selected to be equal to about 1/s to about 1/3 of the circumfer 
ence of a particular vertebral body. The Width can be selected 
to be betWeen about 10 mm and about 40 mm; more prefer 
ably betWeen about 15 mm and about 20 mm. 

[0072] FIGS. 10A and 10B are illustrations of a tWo-level 
bone plate 280 for use With this invention. Bone plate 280 can 
be provided substantially as described for bone plate 250. 
Plate 280 includes a plurality of openings 282 formed there 
through to receive fasteners as has been described above. 
Bone plate 280 has a thickness represented by reference line 
284 suitable to provide su?icient ?exibility to repair and/or 
replace ligaments that connect bone structures. In one pre 
ferred embodiment, bone plate 280 is siZed to have a thick 
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ness betWeen about 0.5 mm and about 4.5 mm; more prefer 
ably betWeen about 1.5 mm and about 2.5 mm. 

[0073] Bone plate 280 is siZed for attachment to three adja 
cent vertebral bodies. (See, for example, FIG. 11.) Preferably 
bone plate 280 has a height represented by reference line 286, 
selected to be betWeen about 50 mm and about 120 mm; more 
preferably betWeen about 80 mm and about 100 mm. Bone 
plate 280 has a Width represented by reference line 288, 
selected to be about 1/s to about 1/3 of the circumference of a 
particular vertebral body. The Width can be selected to be 
betWeen about 10 mm and about 40 mm; more preferably 
betWeen about 15 mm and about 20 mm. 

[0074] Both bone plates 250 and 280 have a plurality of 
openings, 252 and 282, respectively. The openings can be 
provided to include deformable portions as described for 
plates 12, 52, and 92. Further, bone plates 250 and 280 can be 
attached to tissue using a variety of fasteners described above 
including fasteners 14, 98, 102, and 143. 

[0075] In preferred embodiments, bone plates 250 and 280 
are formed of a moldable or malleable material. Thus the 
plates can be molded either prior to or during a surgical 
procedure to conform to an anatomical structure such as the 
anterior facet of a vertebra. Examples of suitable material 
include both resorbable and non-resorbable listed beloW. 

[0076] FIG. 11 illustrates placement and deformation of a 
bone plate substantially as described for FIGS. 10A and 10B 
above. Bone plate 300 extends from a ?rst lumbar vertebra 
302 to a third lumber vertebra 304. Bone plate 300 can be 
deformed to conform to a desired anatomical structure either 
prior to the operation or during the operation. 

[0077] FIG. 12 illustrates a deformable bone plate 320 for 
use in the present invention. Plate 320 can include a Wide 
variety of openings extending therethrough. In the illustrated 
embodiment, plate 320 includes at least one circular opening 
322 and one slot 324 extending therethrough. Plate 320 can be 
provided in a variety of siZes adapted to extend from one 
vertebral body to an adjacent vertebral body. Alternatively, 
plate 320 can be provided in siZes to extend over a plurality of 
vertebral bodies. 

[0078] FIG. 13 illustrates an alternative embodiment of a 
bone plate 340. Bone plate 340, similar to bone plate 320, can 
include a Wide variety of openings extending therethrough. 
Bone plate 340 includes at least one circular opening 342 and 
at least one slotted opening 344 extending therethrough. Bone 
plate 340 is provided to have a length represented by refer 
ence line 346 that can be variable. In preferred embodiments, 
length of bone plate 340 can be betWeen about 5 cm and about 
1 5 cm; more preferably, bone plate 340 is provided in a length 
betWeen about 7 cm and about 13 cm. 

[0079] FIGS. 14A and 14B illustrate yet another embodi 
ment of a deformable bone plate for use in the present inven 
tion. FIG. 14A illustrates a bone plate 360 provided With at 
least tWo openings 362 extending therethrough. FIG. 14B 
illustrates deformable bone plate 370 having a plurality of 
openings 372 extending therethrough. Both bone plates 360 
and 370 are illustrated as an elongate plate having at least tWo, 
more preferably a plurality, of openings extending there 
through. The openings are positioned along the length of bone 
plate 360 and 372; preferably positioned uniformly along the 
length of the elongate plates 360 and 370. It is also included 
Within the scope of the invention that either bone plate 360 or 
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bone plate 370 can be provided With a fewer number of 
openings or a single elongate opening, for example, a slot. 
During surgery, a surgeon can locate and then subsequently 
drill through either one or the other bone plate 360 or 370 to 
provide an additional opening to fasten the respective bone 
plates to bone tissue. 

[0080] FIG. 15 illustrates still yet another embodiment of a 
deformable bone plate 380 for use in the present invention. 
The deformable bone plate is an elongate plate having at least 
one slot 382 extending therethrough. In alternative embodi 
ments, slot 382 can include a series of elliptical surfaces 
extending the length of slot 382. Elliptical surfaces can mat 
ingly engage in the underneath surface of a fastener, for 
example, fastener 14 of FIG. 1. As With the other bone plates 
discussed above, bone plate 380 can be provided in a Wide 
variety of siZes. The siZe of bone plate 380 can be selected 
depending upon the particular bone structure to Which plate 
380 is to be attached. 

[0081] FIG. 16 illustrates still yet another embodiment of a 
deformable bone plate 400 for use in the present invention. 
Bone plate 400 can be adapted to provide a ?xation of cervical 
vertebrae. Bone plate 400 can include a Wide variety of open 
ings and slots formed therethrough. In the illustrated embodi 
ment, bone plate 400 includes at least a pair of openings 402 
and 404 positioned on a ?rst end 406 of plate 400. Addition 
ally, openings 408 and 410 are provided on the opposite end 
412. Additionally, plate 400 can include at least one slot 414 
formed therethrough. Slot 414 can be provided With a sub 
stantially smooth interior surface 416. Alternatively, slot 414 
can be provided With elliptical interior surfaces as has been 
described for plate 380 in FIG. 15. 

[0082] FIG. 17 depicts still yet another embodiment of a 
deformable bone plate assembly 440. IS Plate assembly 440 
includes a bone plate 442 and at least one anti-migration 
portion 444 moveably mounted to plate 442. Plate 442 
includes a plurality of openings 446 through Which one or 
more bone fasteners 448 are inserted. It is preferableibut not 
requiredithat fasteners 448 are bone screWs 449. Openings 
446 can be provided substantially as described aboveipar 
ticularly for plates 15, 52, and 92. Groove 450 in non-bearing 
surface 451 extends along the length of plate 442.At least one 
tapped opening is formed in groove 450. Plate 442 can be 
formed of a polymeric material that is either a biodegradable 
or a non-biodegradable polymer. Additionally plate 442 can 
be formed of a metal such as titanium or surgical steel. Pref 
erably, plate 442 is formed of a deformable polymer and is 
readily shaped or contoured during surgery to conform to the 
anatomical con?guration of the targeted bone structure. In a 
preferred form, plate 442 is con?gured to connect tWo adja 
cent cervical vertebrae and can be used to promote spine 
fusion. 

[0083] In the illustrated embodiment, anti-migration por 
tion 444 includes a bar 452 slidably received Within groove 
448 and having at least one, more preferably a series, of 
oblong openings 454 extend through bar 452. Oblong open 
ings 454 permit slidable attachment of bar 452 to plate 442 
With a threaded fastener 458. Anti-migration portion 444 can 
include a variety of other structural features in addition to or 
in substitution to bar 452. For example, anti-migration por 
tion 444 can include a movable structure to overlay a portion 
of the head 460 of fasteners 448. To that end anti-migration 
portion 444 can include screWs, pivotally mounted Wings, 
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slidably mounted caps and the like. In these embodiments, 
anti-migration portion moves from a ?rst position that alloWs 
WithdraWal or insertion of a fastener 448 to a second position 
that inhibits WithdraWal or insertion of fastener 448. 

[0084] Anti-migration portion 444 is made of a material 
that is the same as the material for plate 442. Alternatively, 
anti-migration portion 444 is made of a dissimilar material. 
For example, anti-migration portion 444 can be made of 
metal and bone plate 442 can be made of a polymeric mate 
rial, or anti-migration portion 444 can be made of a polymeric 
material and bone plate 442 can be made of metal. 

[0085] Bone plates having the generaliZed con?gurations 
described above or alternative plates that exhibit a similar 
mode of operation include implants sold under the trade 
names ATLANTIS, AXIS, DYNALOK, DYANALOK 
PLUS, PREMIER, Z-PLATE II, and ZEPHIR by Medtronic 
Sofamor Danek of Memphis, Tenn. 

[0086] Preferably prior to use, the plates, fasteners, and 
adhesives described in this invention are steriliZed, most 
likely chemically, using ethylene oxide gas or by irradiating 
the components With gamma radiation. Typically, steriliZa 
tion procedures using loW temperatures are required of non 
metallic components, such as the bone fastener and/or the 
bone plate. The chemical and radiation-type steriliZations 
usually are selected to not affect the properties or perfor 
mance of the adhesives. When the adhesive is provided on one 
or more of the components during manufacturing, preferably 
the portion of the implant covered by the adhesive is covered 
With a release backing that can Withstand the steriliZation 
procedures. 
[0087] It is understood for the embodiments of the inven 
tion as disclosed herein, either the bone fastener or the bone 
plate, or both, can be made of a non-metallic material. Alter 
natively, it is understood that the bone plate can be made of a 
metallic material While the bone fastener is made of a non 
metallic material. Typical examples of resorbable materials 
for constructing the devices of the invention include: Polyhy 
droxyacids, e.g. poly(L-lactide, poly(D-lactide), poly(L/D 
lactide), poly (L/DL-lactide), polyglycolide, copolymers of 
lactide and glycolide of various compositions, copolymers of 
said lactides and/or glycolide With other polyesters, copoly 
mers of glycolide and trimethylene carbonate, polyhydroxy 
butyrate, polyhydroxyvalerate, copolymers of hydroxybu 
tyrate and hydroxyvalerate of various compositions, 
polyorthoesters, polyanhydrides, polydioxanone, polydiox 
anediones, polyesteramides, polymalic acid, polyesters of 
diols, oxalic and/or succinic acids, polyamino acids, copoly 
mers of amino acids and glutamic acid, polyamides, polyca 
prolactone, polycarbonates. Preferred degradable polymers 
(homopolymers/copolymers) are polylactides, polygly 
colide, polydioxanone, poly/glycolide-co-trimethylene car 
bonate), poly(lactide-co-glycolide), and polyesteramides. 
[0088] Examples of non-degradable polymeric materials 
useful in the present invention include, but are not restricted 
to: acrylic, ?uorocarbon, hydrogel, polyacetal, polyamide, 
polycarbonate, polyester, polyaryletherketone polyimide, 
polyole?n, polystyrene, polysulfone, polyurethane, poly(vi 
nyl chloride), silicone rubbers, polyethylene, and polyether 
ketones, e.g., PEK, PAEK, PEEK, PEKEKK, and mixtures 
thereof. 

[0089] The polymeric material can be a thermoplastic or a 
thermoset. The polymeric materials can be formed as a com 
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posite or matrix and include reinforcing material or phases 
such as ?bers, rods, platelets, and ?llers. For example, the 
polymeric material can include glass ?bers, carbon ?bers, 
polymeric ?bers, ceramic ?bers, and the like. In preferred 
embodiments, the polymeric material is formed Without any 
inclusion of reinforcing material such as carbon ?bers, glass 
?bers, ceramic particulates, or ?llers. 

[0090] While the invention has been illustrated and 
described in detail in the drawings and foregoing description, 
the same is considered to be illustrative and not restrictive in 
character, it is understood that only the preferred embodi 
ments have been shoWn and described and that all changes 
and modi?cations that come Within the spirit of the invention 
are desired to be protected. 

What is claimed is: 
1. An implant assembly comprising: 

a bone plate having at least one opening extending there 
through, and 

a bone fastener received Within said at least one opening 
and having a proximal head, a bone engaging distal 
portion and a shaft therebetWeen, Wherein at least a 
portion said fastener or said bone plate is formed of a 
polymeric material capable of deforming to ?xedly 
interengage the fastener to the bone plate. 

2. The implant assembly of claim 1 Wherein said bone plate 
includes a thermally deformable collar substantially encir 
cling said opening. 

3. The implant assembly of claim 2 Wherein the collar 
deforms to overlay a portion of the proximal head. 

4. The implant assembly of claim 1 Wherein the bone 
fastener deforms to ?xedly interengage the bone fastener to 
the bone plate. 

5. The implant assembly of claim 1 Wherein the bone plate 
comprises a movable anti-migration portion to inhibit move 
ment of the fastener. 

6. The implant assembly of claim 1 Wherein the bone plate 
comprises a metal portion and a polymeric portion. 

7. The implant assembly of claim 1 Wherein at least one of 
the bone plate and the fastener are formed of a biodegradable 
material. 

8. The implant assembly of claim 1 Wherein said fastener 
includes a portion formed of a polymeric material capable of 
deforming by sWelling upon contact With body ?uid to ?xedly 
secure the bone screW to the bone plate. 

9. The implant assembly of claim 1 Wherein the fastener is 
formed of a polymeric material comprising homopolymers, 
co-polymers, and oligomers of polyhydroxy acids, polyes 
ters, polyorthoesters, polyanhydrides, polydioxanone, poly 
dioxanediones, polyesteramides, polyaminoacids, polya 
mides, polycarbonates, polylactide, polyglycolide, tyrosine 
derived polycarbonate, polyanhydride, polyorthoester, 
polyphosphaZene, polyethylene, polyester, polyvinyl alco 
hol, polyacrylonitrile, polyamide, polytetra?uorethylene, 
poly-paraphenylene terephthalamide, polyaryletherketones, 
polyetherketones, cellulose, carbon ?ber reinforced compos 
ite, and mixtures thereof. 

10. The implant assembly of claim 1 Wherein at least one of 
the fastener and the bone plate are formed of a polymer 
comprising monomeric repeating units derived from d-lactic 
acid, l-lactic acid, glycolic acid, caprolactone, hydroxy 
buteric acid, hydroxy valeric acid, and mixtures thereof. 
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11. The implant assembly of claim 1 Wherein the bone plate 
is ?exible to alloW articulation of adjacent bone structures. 

12. The implant assembly of claim 1 Wherein the bone plate 
connects a ?rst bone portion to an adjacent second bone 
portion. 

13. The implant assembly of claim 1 Wherein the opening 
is an elongate opening. 

14. The implant of claim 1 comprising a plurality of open 
ings. 

15. An implant assembly comprising: 

a bone plate having at least one opening extending there 
through; and 

a fastener received Within said at least one opening and 
having a proximal head, a threaded distal portion and a 
shaft therebetWeen, Wherein at least a portion said fas 
tener is formed of a polymeric material capable of sWell 
ing upon contact With body ?uid to ?xedly secure the 
fastener to the bone plate. 

16. The implant assembly of claim 13 Wherein at least one 
of the fastener and the bone plate is formed of a biodegradable 
material 

17. The implant assembly of claim 15 Wherein the bone 
plate is formed of a polymeric material comprising 
homopolymers, co-polymers and oligomers of polyhydroxy 
acids, polyesters, polyorthoesters, polyanhydrides, polydiox 
anone, polydioxanediones, polyesteramides, polyaminoac 
ids, polyamides, polycarbonates, polylactide, polyglycolide, 
tyrosine-derived polycarbonate, polyanhydride, polyorthoe 
ster, polyphosphaZene, polyethylene, polyester, polyvinyl 
alcohol, polyacrylonitrile, polyamide, polytetra?uorethyl 
ene, poly-paraphenylene terephthalamide, polyaryletherke 
tones, polyetherketones, cellulose, carbon ?ber reinforced 
composite, and mixtures thereof. 

18. The implant assembly of claim 15 Wherein the bone 
plate is ?exible to alloW articulation of adjacent bone struc 
tures. 

19. The implant assembly of claim 15 Wherein the bone 
plate connects a tendon to bone tissue. 

20. The implant assembly of claim 15 Wherein the fastener 
is a bone screW. 

21. The implant assembly of claim 15 Wherein the bone 
plate is con?gured for attachment to three vertebrae. 

22. The implant assembly of claim 15 Wherein the opening 
is an elongate opening. 

23. The implant assembly of claim 15 comprising a plural 
ity of openings. 

24. An implant assembly comprising: 

a bone plate having at least one opening extending there 
through, and 

a fastener received Within said opening and having a proxi 
mal head, a distal bone-engaging portion, and a shaft 
therebetWeen, Wherein at least one of the fastener and 
the bone plate include an adhesive to ?xedly interengage 
the fastener to the bone plate. 

25. The implant assembly of claim 24 Wherein at least one 
of the bone plate and the fastener includes a pressure sensitive 
adhesive. 

26. The implant assembly of claim 24 Wherein the adhesive 
is selected from the group consisting of: epoxies, acrylates, 
cyanoacrylates, polyesters, polyole?ns, polyurethanes, sili 
cone adhesives, and mixtures thereof. 
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27. The implant assembly of claim 24 wherein the adhesive 
is a tWo-part adhesive and Wherein a ?rst part of the adhesive 
is provided on the bone plate and a secondpart of the adhesive 
is provided on the fastener, Whereby contact of the bone plate 
With the fastener combines the ?rst part and the second part of 
the adhesive. 

28. The implant assembly of claim 24 Wherein the bone 
plate is ?exible to alloW articulation of adjacent bone struc 
tures. 

29. The implant assembly of claim 24 Wherein the bone 
plate is con?gured to connect adjacent vertebrae bodies. 

30. A method of ?xedly securing a fastener to a bone plate, 
said method comprising: 

surgically preparing bone tissue in need of repair for 
receipt of a bone plate; 

placing a bone plate having at least one opening proximal 
to said bone tissue in need of repair; and 

inserting a fastener through the at least one opening and 
into the bone tissue, Wherein at least one of the fastener 
and the bone plate deforms to ?xedly secure the bone 
screW to the bone plate. 

31. The method of claim 30 Wherein the fastener comprises 
a polymeric portion capable of sWelling When in contact With 
body ?uid. 

32. The method of claim 30 Wherein said inserting com 
prises deforming a portion of the bone plate With application 
of thermal energy to overlay a portion of the fastener. 
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33. The method of claim 30 Wherein said inserting com 
prises deforming a portion of the bone plate or the fastener 
upon application of ultrasonic energy. 

34. A method of ?xedly securing a bone screW to a bone 
plate, said method comprising: 

surgically preparing bone tissue in need of repair for 
receipt of a bone plate; 

placing a bone plate proximal to said bone tissue in need of 
repair, said bone plate having at least one opening there 
through; and 

inserting a bone screW through the at least one opening and 
into the bone tissue, Wherein at least one of the fastener 
and the bone plate include an adhesive to ?xedly secure 
the fastener to the bone plate. 

35. The method of claim 34 Wherein the adhesive is a 
pressure-sensitive adhesive. 

36. The method of claim 34 Wherein the adhesive is 
selected from the group consisting essentially of: epoxies, 
acrylates, cyanoacrylates, polyesters, polyole?ns, polyure 
thanes, silicones, and mixtures thereof. 

37. The method of claim 34 Wherein said inserting com 
prises deforming a portion of the bone plate or the fastener 
With a solvent. 

38. The method of claim 34 comprising applying said 
adhesive to either the fastener or the bone plate. 

* * * * * 


