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BONE GROWTH PROMOTING MPLANT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This continuation application claims benefit of 
U.S. patent application Ser. No. 08/842,680, filed Apr. 15, 
1997. The disclosure of such application is hereby incorpo 
rated by reference in its entirety where appropriate for 
teachings of additional or alternative details, features, and/or 
technical background, and from which priority is asserted. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to bone 
implants. More specifically, the present invention relates to 
bone-growth promoting implants and implants that promote 
the growth of composite bone material. 

BACKGROUND OF THE INVENTION 

0003 Conventional bone prostheses or implants that are 
known I the art generally include a metal portion constructed 
of steel or titanium inserted in and fixedly attached to a bony 
portion of a patient’s body. For example, conventional 
implants for stems of articulating joints or for nail-like 
implants used fro intramedullary fixation to support bones 
during healing of fractures are constructed of metal. The 
nail-like implants are usually, but not always, removed when 
healing is complete. 
0004 Current implant technology may edivided into two 
broad categories: implants which require reaming of an 
inner canal in the bone before insertion of the implant, 
generally typical of relatively thick implants; and implants 
which do not require reaming of a bone canal, generally 
typical of relatively thin implants. Thin implants are easier 
to insert and they enable better nourishment of the bone and 
faster healing. However, thin implants provide a less stable 
support structure for the bone. 
0005. Several problems are associated with conventional 
bone implants due to a mismatch between materials prop 
erties of the bone and the metal implant. For example, 
contact between the metal implant and the bone may cause 
fretting wear of the bone. Also, a difference in materials 
properties such as Young's modulus and thermal expansion 
coefficient between the metal implant and the bone may 
result in poor anchoring of the metal implant to the bone, 
which may cause discomfort to the patient, especially during 
weather changes. Furthermore, conventional metal implants 
provide virtually no shock absorption or damping. 
0006. It is generally known that a bone grows or gener 
ates new bone tissue according to the level of stress to which 
it is subjected within an identified range of stress levels that 
is less than or equal to a certain maximum stress level but 
greater than or equal to a certain minimum stress level. One 
problem with conventional metal implants is that they tend 
to distribute stress unevenly to the surrounding bone, with 
Some Surrounding bone areas receiving excessive stress 
levels and other Surrounding bone areas receiving less than 
optimal stress levels. In extreme cases where the amount of 
stress imparted to a Surrounding bone area is too low, the 
conventional metal implant may contribute to atrophy or 
degeneration of the area because of lack of use. This, in turn, 
may lead to bone recession and loosening of the anchoring 
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of the metal implant, thus creating an undesirable gap 
between the bone and the metal implant. 
0007 Another problem with conventional metal implants 

is their tendency to interfere with diagnostic techniques such 
as magnetic resonance imaging (MRI) and related tomo 
graphic techniques. Metal implants produce shadows, or 
image artifacts, because the metal material of the implants 
tends to interfere with the magnetic characteristics of the 
implant region, thus distorting the magnetic image of that 
region. These shadows reduce the effectiveness of magnetic 
resonance techniques, which are important and widely used 
diagnostic techniques that have even been used during 
Surgical operations to produce real-time images with simul 
taneous multiple image sections. Therefore, the use of 
non-metal implants would be advantageous because Such 
implants are expected to reduce the presence of these 
undesirable shadows, or image artifacts, to a level that will 
preserve the effectiveness of MRI-type images for diagnosis. 
0008. Yet another drawback of conventional implants is 
their inability to conform to the three-dimensionally curved 
Surfaces of a bone canal, thus reducing their effectiveness in 
inducing or promoting continuous bone growth or bone 
reinforcement for strengthening the bone. 
0009. In order to overcome the aforementioned problems, 
a number of implants with resilient portions have been 
proposed in International Application No. PCT/IL96/00098, 
which was filed Sep. 4, 1996 and invented by the inventor 
of the present invention, the disclosure of which is incor 
porated herein by reference. This PCT application discloses 
various resilient joint prostheses and bone implants that 
provide shock absorption and promote bone development 
and growth after implantation. In addition, the PCT appli 
cation discloses bone implants that are sufficiently flexible 
that they deform to adapt to various and changing curvatures 
of the bone. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

0010. In view of the above-mentioned considerations, an 
object of the present invention is to provide an improved 
bone implant that promotes bone development and growth 
after implantation, and that improves bone strength through 
the formation of a composite bone material. 
0011) Another object of the present invention is to pro 
vide a means for controlling the distribution of stress within 
a bone and for producing a stress field having an intensity 
and pattern that acts to prevent bone degeneration and 
promote growth of new bone tissue to strengthen selected 
regions of the bone. 
0012 Yet another object of the present invention is to 
provide a means for producing and controlling micro-move 
ment along a Substantially continuous Surface of a bone that 
interfaces and interacts with an implant to promote 
improved generation of new bone tissue from the micro 
moVement. 

0013 The present invention provides implants with new 
features that are not disclosed in the PCT application PCT/ 
IL96/00098 invented by the inventor of the present inven 
tion. 

0014. According to the present invention, a high degree 
of flexibility and control is imparted to a nail-like implant by 
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using a "spar construction with adjustable tension cables 
and longitudinal structural members. The tension cables 
provide curvature control and Support, and rigidity against 
bending and buckling of the nail-like implant. The longitu 
dinal structural members and the tension cables become an 
integral part of a composite regenerated bone, which has a 
Substantially increased strength over bone regenerated 
through the use of conventional implants, regardless of 
whether the nail-like implant remains inside the bone or 
whether a majority of the implant (except for the longitu 
dinal structural members) is later removed. The flexibility of 
the implant is controlled by specifically varying the struc 
tural geometry and stiffness of certain portions of the 
implant, and by adjusting the tension in selected tension 
cables during and/or after the implantation operation to 
thereby adjust the stiffness of the implant. When the longi 
tudinal structural members are inserted into the bone they 
have at most a low and generally uniform tension level, and 
preferably the structural members are free of tension during 
insertion. After insertion, the tension cables may be adjusted 
to provide additional stiffness to the longitudinal structural 
members and to produce a desired curvature therein by 
imparting asymmetric or non-uniform levels of tension 
thereto. 

0.015 The present invention creates a stronger regener 
ated bone by providing a new type of cross-section for a 
bone implant and by promoting the growth of a composite 
bone structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1A is a cross-sectional view of a bone implant 
inserted inside a bone canal according to an embodiment of 
the present invention; 
0017 FIG. 1B is a perspective view of a portion of the 
bone implant of FIG. 1A showing various constructions of 
Support elements according to an embodiment of the present 
invention; 
0018 FIG. 1C is a perspective view of a portion of the 
bone implant of FIG. 1A showing an alternative construction 
of Support elements according to an embodiment of the 
present invention; 
0.019 FIG. 2A is a cross-sectional view of a bone implant 
having Support elements according to another embodiment 
of the present invention; 
0020 FIG. 2B is a cross-sectional view of a support 
element of FIG. 2A; 
0021 FIG. 2C is a cross-sectional view of a bone implant 
inserted inside a bone canal according to another embodi 
ment of the present invention; 
0022 FIG. 3A is a perspective view of a support element 
of FIG. 2A; 
0023 FIG. 3B is a perspective view of a brace element 
externally attached to a fractured bone; 
0024 FIG. 4A is a longitudinal cross-sectional view of a 
bone implant according to one embodiment of the present 
invention; 
0.025 FIG. 4B is a perspective view of an embodiment of 
a core of the bone implant having one or more tapered ends 
according to the present invention; 
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0026 FIG. 4C is a longitudinal cross-sectional view of 
tension cables anchored to a Support element of the bone 
implant according to an embodiment of the present inven 
tion; 
0027 FIG. 5 is a perspective view of a tension cable and 
a woven sleeve element according to an embodiment of the 
present invention; 
0028 FIGS. 6A and 6B are cut-away views showing 
tension cables embedded in a web according to an embodi 
ment of the present invention; and 
0029 FIG. 7 is a cut-away view showing an improved 
interlocking nail system according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0030 Preferred embodiments of the present invention are 
described below with reference to the accompanying draw 
ings, in which like reference numerals represent the same or 
similar elements. 

0031. It is generally known that a body recognizes a 
minimum level of stress in its bones. New bone cells are 
generated when an amount of stress is exerted thereto that 
falls within a preferred range of values that are above a 
certain lower limit and below a certain upper limit. A 
conventional stem-type or nail-type implant is constructed to 
have an average geometric shape that does not conform to 
the three-dimensionally curved surfaces of a bone canal in 
which the implant is inserted. In addition, contact between 
the implant and the bone occurs at random regions and is 
generally not sufficiently continuous to promote optimal 
bone growth. Because of the randomness of the contact 
between the implant and the bone, the forces exerted by the 
implant on the bone produce random stress levels within the 
bone. Only regions in which the amount of stress exerted on 
the bone is within a biologically acceptable range are 
recognized by the body so that new bone cells are generated 
at those recognized regions. Regions with stress levels 
below the lower limit or above the upper limit are not 
recognized by the body resulting in no generation of new 
bone cells. Thus, the body is prevented from rebuilding its 
skeletal strength. 
0032. The present invention provides a means to control 
the amount and the distribution of stress imparted by an 
implant to an adjacent bone, and also provides a means to 
effect micro-movement at interface regions between the 
bone and the implant. The implants of the present invention 
conform to the three-dimensionally curved surfaces of a 
bone canal Such that Substantially continuous regions of the 
bone canal interface with protruding Support elements of the 
implant. The Substantially continuous regions include Sur 
faces that contact or interface with support elements with 
multiple fingers spaced reasonably close to each other, and 
are positioned to produce a continuous distribution of stress 
with a desired stress field pattern to promote bone tissue 
generation and to even tailor bone growth to favor certain 
bone regions over other regions. 
0033 Bone deflection combined with deflection of the 
implant creates movement in the contact or interface 
regions, including actual shear movement of the bone rela 
tive to the implant, and shear stress in Sub-Surface regions 
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beneath the contact regions even where there is no actual 
relative movement. Such micro-movement and micro 
change in the stress distribution promotes generation of new 
bone cells and growth of new bone tissue. 
0034. Means for generating and controlling the amount 
and distribution of stress and for producing micro-move 
ment include: 

0035) a) controlling the stiffness of the implant and/or 
providing means for adjusting the stiffness of the 
implant, in which reaction of the bone and the implant 
to bending is adjusted by adjusting tension cables, and 
in which curvature of the implant is adjusted by adjust 
ing the tension cables; and 

0036 b) designing protruding support elements that 
have an appropriate geometry and size and that are 
made of certain appropriate materials. 

0037 Turning now to the drawings, FIG. 1A shows a 
bone implant 10 inserted inside a bone 9, according to an 
embodiment of the present invention. The implant 10 
includes a flexible composite central portion or core 12 
embedded or molded inside an interface portion 13. The core 
12 may be solid or hollow and is preferably formed of a 
composite material which may be reinforced with a high 
performance material such as DYNEEMATM, which is a 
fiber made from ultra-high molecular weight polyethlyene, 
for example. The interface portion 13 includes a tubular 
layer 14 and a plurality of support elements 15 radially 
protruding outwardly therefrom. The support elements 15 
contact the bone 9 by snugly fitting inside a bone canal 4 of 
the bone 9. Preferably, the support elements 15 occupy only 
a fraction of the bone canal 4, and Zones 3 are located 
between respective support elements 15 to accommodate 
natural Spongy bone as well as bone marrow. Therefore, the 
implant 10 permits the spongy bone Zones 3 and the bone 
marrow to internally nourish the bone 9 through the bone 
canal 4, which is unlike conventional prior art devices that 
occupy nearly the entire bone canal so that the bone is 
nourished only from outside of the bone. 
0038 FIG. 1B is a perspective view of a portion of the 
bone implant 10. The support elements 15 may extend 
longitudinally along the entire length of the implant 10, as 
indicated by reference numeral 5. Alternatively, the support 
elements 15 may be comprised of two or more longitudinal 
segments, as indicated by reference numerals 6 and 7. The 
Support elements 15 also may have various shapes. For 
example, reference numeral 16A shows a standard-type 
Support element having a straight lateral profile and a 
trapezoidal cross section, and reference numeral 16B shows 
a spring-type Support element having a straight lateral 
profile and an arcuate or hook-like cross section. According 
to a preferred embodiment, the support elements 15 deform 
during insertion of the implant 10 into the bone canal 4 to 
produce a Snug fit that presses against an inner wall of the 
bone 9 (see FIG. 1A), thereby fostering an excellent and 
substantially continuous fit of the implant 10 to a patients 
specific bone geometry. 
0.039 The implants 10 may be used in conjunction with 
a method for adapting an implant to a particular bone by 
means of a computer-aided bone geometry duplicator, as 
disclosed in PCT application PCT/IL96/00098, which was 
invented by the inventor of the present invention. According 
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to this method, the computer-aided duplicator is used inside 
the operating room to cut the implant 10 to a specific desired 
shape during an operation. 
0040. In a typical implantation operation in which a 
nail-like implant is inserted into a patient, the patient’s bone 
is drilled to accommodate the implants particular shape. For 
implants having stems, such as stems attached to articulating 
joints, the bone drilling and shaping is done by the Surgeon 
performing the implantation operation. The Surgeon uses 
various files and reamers to prepare the bone for receiving 
the stem therein. Typically, a number of reamers of various 
sizes from Small to large are used to ream a cavity in the 
bone and shape the cavity to correspond to the shape of the 
Stem. 

0041 According to the present invention, less bone is 
removed than in the typical implantation operation, and 
mostly spongy bone material is removed instead of the dense 
bone material that is reamed out in a conventional implan 
tation operation, which can reduce considerably the strength 
of the remaining bone. A spoon may be used as a Scooping 
device for removing the spongy bone material to thereby 
create a cavity in the bone into which an implant of the 
present invention, with its protruding and flexible Support 
elements, is inserted. The Scooping device may contain one 
or more sensors attached to an elongated flexible core of the 
scooping device so that when the core is inserted into the 
cavity the sensors contact and press outwardly against the 
cavity Surface to generate Surface geometry data that is fed 
into a computer. Alternatively, a sensing apparatus separate 
from the Scooping device may be used to generate the 
Surface geometry data for the cavity. The Surface geometry 
of the cavity may also be determined using various diag 
nostic techniques such as MRI and/or other tomographic 
techniques. 
0042. Once the surface geometry of the cavity is known, 
a compact computerized shaping tool, adapted for use in an 
operating room environment, may be used to shape the 
implant to fit the cavity. For an implant having Support 
elements 16A (see FIG. 1B), the implant may be formed by 
first using the shaping tool to produce the implant without 
the Support elements 16A, and then individually machining 
each of the Support elements 16A one at a time, similar to 
duplicating a key, to produce a Substantially close three 
dimensional fit of the implant in the cavity. 
0043 FIG. 1C illustrates an alternative construction of 
the Support elements 15, according to an embodiment of the 
present invention. The support elements 15 may include 
tapered stub-type protrusions 17, substantially deformable 
and springy hook-type protrusions 18, or tapered stub-type 
hollow protrusions 19. The hook-type and hollow protru 
sions 18, 19 deform during insertion into the bone canal 4 
and press against an inner wall of the bone 9 (see FIG. 1A), 
thereby providing an excellent fit to the patient’s specific 
bone geometry. According to a preferred embodiment, the 
tapered stub-type protrusions 17 have a slender profile, 
allowing them to deflect during insertion of the implant 10. 
0044) The support elements 15 may also be comprised of 
other protrusions of various desired shapes. For example, 
reference numeral 20 shows a Support element consisting of 
a tapered stub-type protrusion with at least one channeled 
groove 20A formed therein for receiving a tension cable (not 
shown), which is described hereinbelow. (The term “cable' 
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represents any longitudinal member with an arbitrary cross 
section, and may be formed of materials such as woven 
elements, rods, bars, and the like.) Some of the protrusions 
may be cut using a computer-aided bone geometry duplica 
tor to produce a nearly exact customized fit. 
0045 FIG. 2A is a cross-sectional view showing various 
types of Support elements 115, according to another embodi 
ment of the present invention. Each of the support elements 
115 include a trough portion 21, a floor 22, and side walls 23. 
As indicated by reference numeral 150, the support elements 
115 may be made of two separate portions. Such as a trough 
portion 21 having a male connecting member 24 forming a 
first portion that mates with a female slot member 25 formed 
between a pair of raised or serrated walls 26 extending from 
the interface portion 13 forming a second portion, for 
example. 

0046 FIG. 2C is a cross-sectional view showing a bone 
implant 10 inserted inside a bone 9 according to another 
embodiment of the present invention. The implant 10 
includes a trough portion 21 constructed as an integral part 
of the interface portion 13. Protruding portions 160 serve as 
support elements 115 for the implant 10. Zones 3 are located 
between respective protruding portions 160 to accommodate 
natural spongy bone as well as bone marrow, thereby 
permitting the bone 9 to be nourished internally from within 
the bone 9. The Zones 3 may also be used as a mold for the 
growth of new bone tissue. 
0047 A computer-aided bone geometry duplicator may 
be used to cut the raised walls 26, for example along an 
orientation line indicated by a-a, as shown in FIG. 2B, so 
that the trough portion 21 is tailored to Snugly press against 
the inner wall of the bone 9. The computer-aided duplication 
device takes into account the dimensions of the trough 
portion 21, which preferably is of a uniform section. A 
number of different connections between the trough portion 
21 and the interface portion 13 are possible, including a 
Smooth fit, a spring fit, a click-on fit, or a serrated fit. The 
computer-aided bone geometry duplicator may also be used 
to custom-cut the protruding portions 160 of the bone 
implant 10 of FIG. 2C. 
0048. As indicated by reference numeral 151 in FIG. 2A, 
the support elements 115 also may be formed of at least one 
integral portions connected to the trough portion 21 and 
having a spring-type connecting member (not shown) or a 
hollow-type connecting member 28 with a void 27 therein. 
Both types of connecting members deform during insertion 
of the implant 10 into the bone canal 4 to snugly fit and press 
against the inner wall of the bone 9 (see FIG. 2A), thereby 
fostering an excellent and Substantially continuous fit to the 
patient’s specific bone geometry. In addition, the trough 
portion 21 may be provided with fingers 29 protruding 
therefrom to engage the inner wall of the bone 9 to exert 
pressure and generate micro-movement, thus serving as a 
catalyst to promote the generation of new bone tissue growth 
into a space 152 contained by the trough portion 21. 
0049 FIG. 3A is a longitudinal perspective view of one 
of the support elements 115 of FIG. 2A. The trough portion 
21 may be fitted with an adjustable longitudinal support 
structure or tension cables 31 made of high-performance 
materials such as steel, DYNEEMATM, carbon, or aramid 
fibers such as KEVLARTM, for example. The tension cables 
31 may include metal fibers, which serve as X-ray markers 
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for indicating the presence of the implant in an X-ray film. 
The tension cables 31 are supported by bridge elements 33. 

0050. The tension cables 31 may be uncoated or they may 
be coated or Surface-treated with special materials such as 
hydroxyapatite, Such as porous (PHA) and non-porous 
(NPHA) versions of granular hydroxyapatite, for stimulating 
bone calcification; porous bone material; inorganic bovine 
bone; inorganic Zenograft bone mineral; an osteoconductive 
bone graft Substitute (a type of corraline hydroxyapatite), 
such as that marketed under the name PRO OSTEONTM, a 
bioactive glass implant that bonds to bone and tissue at a 
fracture site, such as that marketed under the name BIO 
GLASSTM; and COLLAGRAFTTM, an FDA-approved 
osteoconductive and osteoinductive synthetic bone graft 
Substitute that contains a mixture of hydroxyapatite, tri 
calcium phosphate, and bovine fibrillar collagen, among 
other things. The coating may contain bone morphogenic 
protein and/or prescribed medication for preventing bone 
diseases. 

0051. The tension cables 31 may be wrapped with a 
randomly woven loose mesh of thin fibers 32, and may also 
include short whisker reinforcement elements 35 made of 
the same or similar materials as the tension cables 31. The 
mesh 32 and the whisker reinforcement elements 35 may be 
coated with special materials such as hydroxyapatite, with or 
without bone morphogenic protein and/or prescribed medi 
cation for preventing bone diseases, and the whisker rein 
forcement elements 35 may be included as part of the mesh 
32. Preferably, the mesh 32 and the bridge elements 33 are 
formed of a resorbable material that is absorbed by the 
patient’s body so that they practically disappear within a 
prescribed period of time. 

0052 The presence of such materials as hydroxyapatite, 
with or without bone morphogenic protein, on the trough 
portion 21, the mesh 32, and/or the tension cables 31 
promotes new bone tissue generation, and the new bone 
tissue may be specially designed to have a predetermined 
shape defined by the shape of the trough portion 21, which 
serves as a mold for the new bone tissue generation. Over 
time (about one year in some cases), a composite bone is 
produced with a cross section having a larger moment of 
inertia than the original moment of inertia of the bone 9, and 
the composite bone is formed as a Substantially continuous 
longitudinal web 2 that interfaces with the trough portion 21, 
with or without the high-performance tension cables 31 
being embedded therein. The tension cables 31 may be fully 
or partially embedded within the new bone tissue, and the 
tension cables may be bonded to the bone 9 by the new bone 
tissue and/or by an adhesive Substance. 
0053) Therefore, the implant 10 not only effectively helps 
to heal a broken bone, it also substantially increases the 
strength of the healed bone by effectively reforming the bone 
with a new cross section having a larger moment of inertia 
(I) than that of the original bone's internal structure, and by 
incorporating reinforcements, such as the tension cables 31, 
which may or may not be used to provide adjustable tension 
control, formed of a material with a Young's modulus (E) 
greater than that of natural bone. The overall product of ExI 
of the composite bone is thus much higher than that of the 
original or natural bone. Therefore, the danger that the same 
bone will break again is reduced. The newly-induced bone 
tissue growth may also incorporate and have embedded 



US 2008/0039941 A1 

therein the whisker reinforcement elements 35, which act to 
further strengthen the newly-generated bone material. 

0054 According to another embodiment of the present 
invention, bone-growth inducing materials and/or pre 
scribed medications for preventing bone diseases may be 
included as a coating on the implant 10 or administered by 
various means as crystals, resorbable capsules, liquids, or 
powders into open regions or voids in the implant 10. 

0.055 According to an embodiment of the present inven 
tion, whisker reinforcement elements, similar to those of 
reference numeral 35, made of metal or fibers of carbon, 
KEVLARTM, or DYNEEMATM, for example, are added to 
bone cement for improving the strength of a cement layer 
formed of the whisker-reinforced cement to reduce the 
occurrence of cracking in brittle types of cement and to 
improve stability in flexible types of cement. The reinforced 
bone cement may be used in attaching various bone implants 
to bone, and may also be used to connect bone segments 
together. 

0056 FIG. 3B shows an embodiment of the present 
invention for a stand-alone external bone brace 200, which 
operates as a bone-structure enhancement device that may 
also be used to facilitate the generation of composite bone. 
The bone brace 200 comprises a trough portion 36 formed 
as a corrugated portion of a thin bone brace 200 integrally 
attached to a sleeve-flange element 37. Alternatively, the 
bone brace 200, may be comprised of a trough portion 36 
formed as a molded recess (not shown) of a thickbone brace 
200. The bone brace 200 may be secured by cement, glue, 
staples 39, screws, or other means onto the outside of a 
fractured bone 1, around either the entire circumference of 
the bone 1 or a part of it, to locally reinforce the bone 1 at 
specific regions such as at the fractured region 40 to repair 
the fractured region 40. Optionally, the sleeve-flange ele 
ment 37 with the attached trough portion 36 may be secured 
to a region to change the bone curvature of that region. 
0057 The trough portion 36 is, in many respects, similar 
to the trough portion 21 of FIG. 3A, and may be fitted with 
tension cables 31 such as those described above. The tension 
cables 31 may or may not be adjustable. 

0.058. In some cases, preferably in cases where the 
sleeve-flange element 37 encircles the bone 1, a woven 
reinforcement bandage (not shown) formed of high-perfor 
mance materials (such as those described above) may be 
placed between the surface of bone 1 and the sleeve-flange 
element 37. The reinforcement bandage has incorporated 
therein growth-inducing biological materials to promote 
bone tissue growth through and around the weave of the 
bandage, thus promoting the growth of a new bone layer to 
which the reinforcement bandage is bonded. The woven 
reinforcement bandage may be constructed as an integral 
layer of the sleeve-flange element 37 such that some of the 
fibers of the woven bandage are laminated and bonded into 
a skin layer of the sleeve-flange element 37. 
0059. According to an embodiment of the present inven 
tion, the woven reinforcement bandage is fully embedded 
within the newly generated bone layer. That is, when new 
bone regeneration occurs, the sleeve-flange element 37 
becomes embedded or “cast' into the new bone material and 
becomes a single structural element with the new bone 
material. 
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0060 FIG. 4A is a cross-sectional view of the bone 
implant 10 showing the core 12 (see FIGS. 1A and 3A). The 
core 12 has a stiffness governed by, among other things, its 
overall geometry and materials properties. The core 12, the 
bridge elements 33, and the generally-taut tension cables 31 
combine to form a “sailboat's spar configuration, which is 
very light and has a much higher combined stiffness than 
that of the core 12 alone. The bridge elements 33 serve as 
"spar spreaders' and may be constructed as a portion of the 
Support element or as a portion of the core 12. Optionally, 
the composite core configuration may be employed without 
the spar configuration, and the spar configuration may be 
employed at only a portion of the implant 10. 
0061 The core 12 may be formed of any material, and 
may have various constructions, such as a solid unit, a 
hollow unit, an assembly of individual rods, a plurality of 
rods formed into a truss structure, a mesh of circumferential 
fibers or wires wound to have a substantial area of open 
Voids, or helical (coiled) springs. 
0062) The tension cables 31 may be anchored at any 
location of the implant 10, Such as at anchoring points 81, 
82, or other alternative locations, and the tension in the 
tension cables 31 may be controlled and adjusted during the 
course of the implantation operation at any time during and 
after insertion of the implant. Therefore, the tension in the 
tension cables 31 may be adjusted after the implant is 
inserted into and positioned within the bone canal 4, and 
may even be further adjusted at future times after the 
implantation operation. 
0063. The tension cables 31 are adjusted using a tension 
ing device 34, which may include a multi-pin ratchet means 
or other means that enable the tensioning device 34 to 
change or adjust the tension in the tension cables 31 and also 
to cut extraneous lengths of the tension cables 31 after 
tensioning thereof. The tension cables 31 may be adjusted to 
provide stiffness to at least a portion of the implant 10, and 
they may also be used to produce a curved profile in at least 
a portion of the implant 10 so that the curved portion has a 
substantially identical profile as that of the bone canal 4, 
even while outside of the bone canal 4. The above-described 
tension system is an "even tension' type of tension system. 
0064. According to an embodiment of the present inven 
tion, the tensioning device 34 may be used to produce a 
controlled and uneven tension in the tension cables 31 to 
simulate a bending moment in the bone. Implants 10 having 
tension cables 31 with an uneven or non-uniform tension 
thereof may be used as a loaded element that continuously 
acts on the bone to change its curvature over time. There 
fore, such tension cables 31 may be used to correct undes 
ired curvature in bones, and the correction process may 
include periodic adjustments of the tension in the tension 
cables 31 to progressively correct the undesired bone cur 
Vature. 

0065. As an alternative, whisker reinforcement elements 
35 may be included in some trough portions 21 of the 
implant 10 and not in others to produce controlled stress 
regimes which may be used to exert controlled levels of 
stress to selected areas of the bone 9 to thereby achieve bone 
curvature correction. The presence of whisker reinforcement 
elements 35 in newly generated bone tissue changes the 
characteristics of the bone as compared with natural bone 
tissue without the presence of the whisker reinforcement 
elements 35. 
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0.066 According to another embodiment of the present 
invention, the implant 10 may be constructed to include 
tension cables 31 but not include trough portions 21 by using 
various “spreaders means' such as the support elements 15, 
shown in FIG. 1C, at least for the purpose of controlling 
stiffness and curvature, or as a longitudinal cable 60 inte 
grally woven into a sleeve element 62, as shown in FIG. 5. 
0067 FIG. 4B shows an embodiment of the core 12 
formed of a composite material and constructed to have one 
or more tapered ends 48. Positioned between a pair of 
knuckles 51 is a middle section 50 having either a constant 
or varying cross-sectional diameter. The composite material 
may include a number of different fiber types, orientations, 
and diameters to optimize the desired stiffness for different 
portions of the core 12. The middle section 50 is designed to 
be the stiffest part of the core 12 so that it may provide 
stability to bone regions that most require stiffness, Such as 
near an articulating joint portions or at a fractured bone 
region, while the tapered ends 48 are sufficiently flexible to 
enable easy insertion of the implant 10 into the bone's 
three-dimensionally curved canal and, at the same time, 
provide good anchoring to the bone. The tapered ends 48 
become stiffer after insertion into the bone through a ten 
Sioning action of the tensioning cables 31, as described 
above. 

0068 According to a preferred embodiment, the core 12 
is formed of at least two types of materials each having a 
different Young's modulus, and the at least two types of 
materials are arranged to provide a varying Young's modu 
lus along a longitudinal axis of the core 12. 
0069 FIG. 4C is a longitudinal cross-sectional view 
showing a tension cable 31 anchored to a trough portion 21. 
The trough portion 21 may have a natural slightly curved 
profile such that the tension cable 31 is supported on only a 
part of end bridge elements 33. When fitted into the slots 25 
in the molded interface portion 13 (shown in FIG. 2B), the 
trough portion 21 straightens and is kept straight by the 
raised or serrated walls 26 that produce a secure fit, as 
described above with respect to FIGS. 2A and 2B, or by 
holding means which may be of a ring type (not shown) that 
prevents the trough portion 21 from reverting to its original 
curved shape. This creates a pre-designed tension in the 
tension cable 31, and the tension is similar to that in Strings 
on a musical instrument or stays on a sailboat spar fitted with 
spreaders. This insertion tension may be the final tension of 
the assembled implant or, alternatively, the insertion tension 
may be an auxiliary tension, with a higher final tension 
exerted by the action of the tensioning device 34. Adjust 
ments to the tension in one or more tension cables 31 may 
be made during the course of the implantation operation or 
after insertion of the implant, such that final tension adjust 
ments are made only after the device has been inserted into 
and positioned within the bone canal 4, as mentioned above. 
0070 The implant 10 and the treated bone 9 may thus 
form two structure types: one in which the implant 10 is 
transformed into the bone 9, and one in which the implant 
10 is superimposed with the bone 9. 
0071 According to the first structure type, an assembly 
of three components—a composite core 12, bridge elements 
33, and tension cables 31—is transformed into a structure 
that comprises natural bone, bone tissue generated as bone 
webs 2, and tension cables 31. These components become 
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incorporated in a composite bone structure when new bone 
web tissue is generated that fills the trough portion 21 and 
embeds the tension cables 31 within the newly generated 
bone web tissue, thereby reinforcing the web tissue. Other 
portions of the implant 10, excluding the tension cables 31 
may be removed from the patient. 
0072 According to the second structure type, an assem 
bly of the three components—a composite core 12; bridge 
elements 33; and tension cables 31—is superimposed with a 
structure that comprises natural bone, bone tissue generated 
as bone webs 2, and tension cables 31. These components 
become incorporated in a composite bone structure when 
new bone web tissue is generated that fills the trough portion 
21 and embeds the tension cables 31 within the newly 
generated bone web tissue, thereby reinforcing the web 
tissue. 

0073 FIG. 5 is a perspective view showing a longitudinal 
cable 60 and support element 15 according to another 
embodiment of the present invention. The longitudinal cable 
60 may be part of a woven sleeve element 62 made of 
high-performance fibers of DYNEEMATM, carbon, or KEV 
LARTM, for example. Groups of fibers are woven into 
various layers and have various orientations such as diago 
nal, longitudinal, and circumferential, for example, and may 
also have open areas 44 in the weave. The sleeve element 62 
may be attached to the support element 15 or to the trough 
portion 21 by various click-on means (not shown), by using 
one or more bridge elements 33, or by using one or more 
channeled grooves 20A (see FIG. 1C). 
0074 The sleeve fibers may contain special materials 
Such as hydroxyapatite, with or without bone morphogenic 
protein. Additionally or alternatively, the sleeve element 62 
may include regions containing a loose mesh 32 of thin 
fibers made of the same or similar materials as the sleeve 
element 62, and may also contain special materials such as 
hydroxyapatite, with or without bone morphogenic protein, 
or a prescribed medication, Such as that for fighting bone or 
bone marrow diseases. Optionally, the sleeve element 62 
may be wrapped with the loose mesh 32. 
0075) The implant 10 is inserted into the sleeve element 
62 and the sleeved implant is then inserted into the bone 
canal 4, with the sleeved implant Snugly contacting the bone 
9 at a plurality of generally continuous locations. Optionally, 
a lining 63 may be interposed between the implant 10 and 
the sleeve element 62, and may be constructed to flexibly 
assist in pressing the sleeve element 62 against the bone 
canal 4 to promote a Substantially continuous contact 
between the implant 10 and the bone canal 4. At the contact 
regions, the presence of growth-inducing biological mate 
rials helps to promote bone tissue growth through and 
around the weave, thus creating a new bone layer to which 
the sleeve element 62 becomes bonded. In one embodiment, 
the sleeve element 62 becomes fully embedded within the 
new bone layer, thus creating the composite bone described 
above. The openings 44 are designed to encourage spear 
heads of bone growth to penetrate the weave quickly, and 
then gradually spread laterally until a generally uniform 
layer of new bone tissue is generated. The mesh 32, the 
whisker reinforcement elements 35, and/or the tension cable 
60 act to promote bone tissue generation to conform to a 
predetermined desired shape defined by the trough portion 
21, which also serves as a form or mold for embedding the 
tension cable 60 in the newly generated bone tissue. 
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0.076 Thus, bone growth into the trough portion 21 
and/or the sleeve element 62 may occur in a number of 
ways: 

0.077 (a) by natural bone regeneration with time; 
0078 (b) by application of pressure using various implant 
portions; 

0079 (c) by micro-movement and/or vibration of por 
tions of the implant relative to the bone canal; 
0080 (d) by micro-movement and/or vibration of fixed or 
resorbable whisker reinforcement elements relative to bone 
canal; and 
0081 (e) by administering various bone-growth promot 
ing materials. 
0082 The composite bone and the structurally improved 
implants of the present invention may be employed in cases 
where no bone fracture is present but where bone reinforce 
ment is necessary and desired. The implant 10 may be used 
as a “non-structural device made of a relatively thin skin of 
a material Such as polyethylene, for example, which is easily 
inserted into the sleeve element 62 and which may include 
the tension cables 31, the mesh 32, and/or the whisker 
reinforcement elements 35. Such a device is inflated by fluid 
pressure to press against the wall of the bone canal 4. 
0083. According to yet another embodiment of the 
present invention, at least one region of the interface portion 
13 may be inflatable and filled with fluid to create pressure 
regions which, in turn, exert forces on the Support members 
15 and the wall of the bone canal 4 to effect anchoring of the 
implant 10 and/or to produce a snug fit of the implant 10 
within the bone canal 4 to thereby enhance the micro 
movement of the implant 10 relative to the bone canal 4. 
0084. According to still another embodiment of the 
present invention, and with reference to FIG. 1A, a flexible 
implant is constructed without a core element 12, thus 
making the implant extremely flexible and easy to insert into 
the bone canal 4. The interface portion 13 of the flexible 
implant may be reinforced by high-pressure tubing made of 
fibers of materials such as steel, nylon, polyester, KEV 
LARTM, and DYNEEMATM, for example. By filling the area 
surrounded by the interface portion 13 with fluid, which 
exerts pressure on the interface portion, the flexible implant 
is transformed from an extremely flexible state to a substan 
tially rigid state. The pressure exerted by the fluid on the 
interface portion 13 also acts to press the Support elements 
15 against the wall of the bone canal 4, thereby producing 
an optimal fit and good anchoring of the flexible implant in 
the bone canal 4. 

0085 For an implant such as that shown in FIG. 5, the 
pressure exerted by the fluid on the interface portion 13 
presses the sleeve element 62 against the wall of the bone 
canal 4 to produce a nearly continuous contact between the 
sleeve element 62 and the wall of the bone canal 4 over a 
substantial portion of the sleeve element 62. Optionally, if a 
lining 63 is used in the flexible implant, the interface portion 
13 presses the lining 62 which, in turn, presses the sleeve 
element 62 against the wall of the bone canal 4. 
0.086 Once the interface portion 13 is pressurized with 
fluid, the tension cables 31 may be adjusted to produce 
desired tension levels in various parts of the flexible implant. 
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0087. The flexible implant described above may be pro 
vided with short sections of a core element 12 at specific 
portions of the flexible implant to provide support to those 
portions. 

0088 Optionally, the flexible implant may contain time 
release capsules (not shown) that emit controlled amounts of 
medication into the bone canal 4 over an extended period of 
time. The time-release capsules may be positioned wherever 
there is sufficient space available in the flexible implant. 

0089 FIGS. 6A and 6B are cut-away views showing an 
embodiment of the present invention as applied to a stem 
implant Such as a hip replacement stem implant. The hip 
replacement stem implant produces a continuous longitudi 
nal webs 2 reinforced with tension cables 31 embedded 
therein, and these webs 2 extend beyond the end point 80 of 
a conventional stem implant. Therefore, overall bone 
strength is reinforced along the entire femur 85, and the stem 
implant forms a gradual transition from implant to compos 
ite bone to bone. 

0090 According to yet another embodiment of the 
present invention, improvements are made to conventional 
interlocking nail systems. 

0091. In a conventional interlocking nail system a metal 
nail is used, and the nail has through-holes pre-drilled 
therein. During the implantation operation the Surgeon drills 
through the bone and must take care to align the bone holes 
with the pre-drilled holes in the nail. The pre-drilled metal 
nails are usually coated with a bio-compatible material and, 
therefore, it is desirable to preserve the integrity of that 
coating. Screws are then inserted through the holes in the 
metal nail and are self-tapping with the holes in the bone. 
This interlocking process prevents axial movement of the 
bone relative to the nail and ensures that two fractured bone 
portions are joined and prevented from separating and 
forming an undesirable space therebetween. 

0092. The present invention improves on the conven 
tional interlocking nail system by not requiring the Surgeon 
to align the holes drilled in the bone with the pre-drilled 
holes in the metal nail, which is a very difficult task to 
perform during the Surgical operation and often results in 
poorly fitted implants. Instead, according to an embodiment 
of the present invention, the nail is made of a drillable 
material so that the Surgeon can drill directly through the 
bone and the nail without having to worry about whether the 
bone holes align with the nail holes. In addition, the drilling 
can be accomplished at any desired angle and orientation 
and is not limited by the presence of pre-drilled holes in the 
nail. 

0093. According to another embodiment of the present 
invention, shown in FIG. 7, a plastic sleeve 75 is inserted 
into a pre-drilled hole in a metal nail 74. During the 
implantation operation, the Surgeon drills through the bone 
70 and then through the plastic sleeve 75. The plastic sleeve 
75 may initially contain a small hole or an elongated slot 
(not shown) or no hole at all. The plastic sleeve 75 acts to 
grip the screw 76 to prevent it from sliding in the direction 
a-a inside the pre-drilled hole in the metal nail 74. The 
diameter of the pre-drilled holes in the metal nail 74 is 
necessarily larger than the outer diameter of the threads 77 
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of the screw 76 because otherwise the screw 76 cannot be 
inserted therein. The drilled hole in the plastic sleeve 75, 
however, may be smaller than the outer diameter of the 
threads 77 of the screw 76 so that the threads 77 of the screw 
76 cut into the plastic material of the sleeve 75. According 
to a preferred embodiment, the sleeve 75 is made of an 
FDA-approved polyethylene. 

0094. The embodiments described above are illustrative 
examples of the present invention and it should not be 
construed that the present invention is limited to these 
particular embodiments. Various changes and modifications 
may be effected by one skilled in the art without departing 
from the spirit or scope of the invention as defined in the 
appended claims. 
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What is claimed is: 
1. A deformable bone implant, comprising: 
a interface portion for interfacing with a bone; and 
a Support structure for Supporting the interface portion. 
2. A deformable bone implant according to claim 1, 

wherein the Support structure is comprised of a central core. 
3. A deformable bone implant according to claim 1, 

wherein the Support structure is comprised of a trusslike 
structure of rods. 

4. A deformable bone implant according to claim 1, 
wherein the Support structure is comprised of a mesh of 
fibers or wires arranged to have opens areas within the mesh. 
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