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(57) ABSTRACT 
An implant for the repair of bone and cartilage that includes a 
cell conductive Zone that contains biopolymeric fibers and an 
osteoconductive Zone that contains biopolymeric fibers and 
calcium-containing mineral particles. The biopolymeric 
fibers from one Zone overlaps with the fibers in the other Zone 
forming a stable physical and mechanical integration of the 
two Zones thus conferring in Vivo stability to the implant. 
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IMPLANTS FOR BONE AND CARTILAGE 
REPAIR 

BACKGROUND 

0001 Articular cartilage covers the ends of all bones that 
form the articulating joints in humans and animals. In the 
joint, articular cartilage functions to distribute force, and also 
serves as a lubricant in the area of contact between the bones. 
A joint lacking articular cartilage is subjected to stress con 
centration and friction, thereby preventing ease of motion. 
Loss of articular cartilage typically leads to painful arthritis 
and decreased joint motion. 
0002 Articular cartilage is an avascular tissue. As a result, 
when damaged either by trauma or by disease, it does not 
repair itself. Currently, methods for clinical repair of dam 
aged articular cartilage are limited to the following four 
modalities: (i) microfracture, (ii) autologous chondrocyte 
implant (ACI), (iii) mosaicplasty, and (iv) synthetic plug. 
0003 Microfracture is a simple arthroscopic procedure 
and by far the most common method used as a first-line 
treatment for symptomatic chondral defect. The method, 
relying on creating microfractures in the Subchondral bone, 
results in diffusion of blood and of bone marrow cells/growth 
factors into the microfractures, thereby promoting healing. 
0004. In the ACI procedure, a small piece of cartilage is 
harvested from a low weight-bearing area of the knee joint. 
The chondrocytes in the cartilage fragment are isolated and 
expanded in culture. After 2 to 3 weeks, the joint is opened 
and the defect is covered with a periosteal patch obtained 
from the upper tibial surface. The cell suspension is then 
injected underneath this patch. The tissue regenerated from 
this approach is fibrocartilage or hyaline cartilage. 
0005 Mosaicplasty involves harvest of multiple cylindri 
cal osteochondral plugs from low-weight-bearing areas 
within the knee joint and their Subsequent transplantation to a 
chondral defect to create a mosaic pattern. Fibrocartilage 
tissue grows between the plugs. 
0006 Finally, in the synthetic plug technique, a biphasic 
cylindrical synthetic plug made of synthetic polymers and 
calcium-containing ceramic particles is inserted into the 
osteochondral defect of the knee joint. The plug Supports the 
growth of bone and formation of a cartilage layer at the 
surface of the defect. 
0007 None of the above-mentioned techniques are ideal, 
as patient outcomes are inconsistent from hospital to hospital 
and from Surgeon to Surgeon. 
0008. The need exists for an improved biocompatible and 
bioresorbable implant for the repair of bone and cartilage. 

SUMMARY 

0009. The main objective of this invention is to provide 
biocompatible and bioresorbable implants for bone and car 
tilage repair, which eliminate or reduce the disadvantages and 
problems associated with currently available techniques. 
0010 Thus, the main aspect of this invention relates to a 
biocompatible and bioresorbable implant for the repair of 
bone and cartilage having a physically and mechanically 
stable bi-phasic structure. The implant has a cell conductive 
Zone and an osteoconductive Zone. Both Zones contain a 
matrix made up of biopolymeric fibers, where the fibers 
extend from the cell conductive Zone into the osteoconductive 
Zone and overlap with the biopolymeric fibers in that Zone. 
The osteoconductive Zone includes calcium-containing min 
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eral particles. On the other hand, the cell conductive Zone is 
free of such particles. Additionally, the cell conductive Zone 
and osteoconductive Zone are in direct contact with each 
other. 
0011. In another embodiment, a biocompatible and biore 
sorbable implant for the repair of bone and cartilage includes 
a single matrix containing biopolymeric fibers. The matrix 
has a cell conductive Zone and an osteoconductive Zone. The 
osteoconductive Zone includes calcium-containing mineral 
particles, while the cell conductive Zone is free of calcium 
containing mineral particles. The biopolymeric fibers extend 
from the cell conductive Zone into the osteoconductive Zone, 
and the cell conductive Zone and the osteoconductive Zone are 
in direct contact with each other. 
0012. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and the 
description below. Other features, objects, and advantages of 
the invention will be apparent from the description and draw 
ing, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0013 FIGS. 1A-1D depict various embodiments of the 
implants of the present invention. 

DETAILED DESCRIPTION 

0014. This invention relates to a biocompatible, bioresorb 
able implant that can be used to repair bone and cartilage. 
0015 Thus, the main aspect of this invention is a biocom 
patible and bioresorbable implant having a physically and 
mechanically stable bi-phasic structure. The implant includes 
two separate but mechanically integrated Zones, i.e., a cell 
conductive Zone and an osteoconductive Zone. 

0016. The cell conductive Zone contains a matrix formed 
of biopolymeric fibers. The matrix can be formed of, e.g., 
elastin, type I, II, or III collagen, as well as natural polysac 
charides including animal or human based glycosaminogly 
cans, shell fish based chitosan, seaweed based alginic acid, 
and plant based cellulose. Genetically engineered materials 
can also be used to form the matrix. 
0017. Type I and type II collagens are particularly pre 
ferred due to their proven biocompatibility and their avail 
ability in large quantities. These collagens may be obtained 
from animal source and from humans using methods well 
known in the art. For example, the biopolymer fiber matrix 
can be derived from collagen-rich tissues such as demineral 
ized bone matrix, tendon, and dermis. 
0018. The biopolymeric fiber matrix in the cell conductive 
Zone is porous. It can have a pore size of 50 um to 250 um Such 
that cells can infiltrate into the internal space of the matrix. As 
a result, the biopolymeric fiber matrix can be seeded with 
cells of therapeutic value, e.g., osteoblasts, chondrocytes, 
stem cells, and bone marrow cells, prior to or during implan 
tation. Such cells of therapeutic value can be isolated using 
methods well known in the art. 
0019. Additionally, growth factors and bioactive sub 
stances can be incorporated into the biopolymeric fiber 
matrix to enhance cartilage regeneration upon implantation. 
Growth factors that can be incorporated include, but are not 
limited to EGF, PDGF, bFGF, IGF, and TGF-B. Bioactive 
Substances that can be incorporated include platelet rich 
plasma, platelet rich fibrin, cell adhesive molecules, cytok 
ines, glycoproteins, proteoglycans, antibiotics, and polysac 
charides. 
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0020. The biopolymeric fiber matrix can have a density of 
from 0.03 g/cm to 0.8 g/cm, preferably from 0.05 g/cm to 
0.5 g/cm. The density can be selected depending on the 
amount of load expected to be borne by the implant. 
0021. The biopolymeric fiber matrix can have a compres 
sive modulus from 0.05 N/cm to 10 N/cm, preferably from 
0.1 N/cm to 5 N/cm. This range of compressive modulus 
provides the mechanical strength required to support the 
growth of neocartilage during the healing period. 
0022. The length of the cell conductive Zone can be from 1 
mm to 6 mm, preferably from 2 mm to 5 mm, depending on 
the overall length of the implant. 
0023. In one embodiment, the biopolymeric fiber matrix 
in the cell conductive Zone is formed of reconstituted biopoly 
meric fibers having a length of 1 cm to 50 cm. Preferably, the 
biopolymeric fibers at the surface of the implant are oriented 
along the plane of the surface whereas the fibers in the deeper 
Zone, i.e., greater than 2 mm from the Surface, are oriented 
more randomly in space. This fiber arrangement simulates the 
in vivo structure of the collagen fibers in bone. Alternatively, 
all of the fibers can be randomly oriented. 
0024. In addition to the cell conductive Zone described 
above, the implant also contains an osteoconductive Zone. 
The osteoconductive Zone contains a composite matrix 
formed of biopolymeric fibers and calcium-containing min 
eral particles. The biopolymeric fibers in the composite 
matrix can be the same as those described above in the cell 
conductive Zone. The biopolymeric fibers in the cell conduc 
tive Zone overlap with those in the osteoconductive Zone such 
that the two Zones are physically and mechanically inte 
grated. This improves the in vivo stability of the implant and 
provides it with resistance to shear stress. The composite 
matrix, similar to the cell conductive matrix, can include 
various types of cells and bioactive molecules for enhancing 
bone regeneration. For example, bone morphogenetic pro 
teins can be incorporated into the composite matrix. 
0025. The calcium-containing mineral particles in the 
composite matrix can beformed of calcium Sulfate or calcium 
phosphate compounds of various compositions Exemplary 
calcium phosphate compounds include Ca(PO4)2, CaHPO, 
and Cao (PO4)(OH)2. The particles can also be carbonate 
apatite (Cao(PO, CO)(OH)2) or a mixture of this com 
pound with any of the above-mentioned calcium-containing 
compounds. Alternatively, calcium-containing silicate based 
glasses such as 45S5 bioglass can be incorporated into the 
osteoconductive composite matrix. 
0026. The calcium-containing mineral particles in the 
composite matrix can range in size from 1 um to as large as 3 
mm, preferably from 0.2 mm to 1.5 mm. The ratio of the 
calcium-containing mineral particles weight to implant 
weight can be in the range from 95:5 to 30:70, and is prefer 
ably from 90:10 to 60:40. 
0027. The implant can be in the form of a circular cylinder 
or an ellipsoidal cylinder. If a circular cylinder, the implant 
can have a diameter in the range from 0.2 cm to 3.0 cm, 
preferably from 0.5 cm to 1.5 cm. Its length can be from 0.3 
cm to 2.0 cm, preferably from 0.4 cm to 1.5 cm, and more 
preferably from 0.5 cm to 1.25 cm. 
0028. If the implant is in ellipsoidal cylindrical form, its 
long axis can be from 0.5 cm to 3.0 cm, preferably from 0.5 
cm to 1 cm, while its short axis has a dimension Smaller than 
the long axis from 0.4 cm to 1.5 cm, preferably from 0.2 cm 
to 1 cm. 
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0029. The implant can be compressed to fit into a delivery 
device for direct insertion into a defect site. The compress 
ibility can be adjusted by controlling the density of the 
implant during the manufacturing process. This can be 
accomplished by adjusting the biopolymer to calcium-par 
ticle weight ratio and the degree of hydration of the implant 
during its formation. 
0030. Following insertion, the implant will come into con 
tact with bodily fluids, such as blood, bone marrow, and 
extracellular fluid. These fluids will hydrate the implant, 
resulting in its expansion Such that it fits tightly in the defect 
site. In this way, the implant becomes securely anchored. 
0031. As shown in FIGS. 1A and 1B, the biocompatible, 
bioresorbable implant can be in the form of a cylinder in 
which the cell conductive Zone (11,21) is located on top of the 
osteoconductive Zone (12, 22). Alternatively, as shown in 
FIGS. 1C and 1D, the cell conductive Zone (31, 41) of a 
cylindrical implant can cover the top and sides of the osteo 
conductive Zone (32,42), leaving only the bottom surface of 
it exposed. The two zones can overlap by 0.5 cm and prefer 
ably by 1 cm. 
0032. In large repair areas, constant friction and shear 
forces against the implant candislodge the Surface layer. Prior 
art two-Zone devices, such as those described in U.S. Pat. 
Nos. 7,166,133 and 6,783,712, are characterized by a mate 
rial and physical distinction between the Zones such that one 
Zone can be separated from the other via simple mechanical 
means. In the current invention, the physical and mechanical 
integration of the two zones can effectively prevent the cell 
conductive Zone from becoming dislodged by shear stress 
following implantation in a rotational joint. Such as the knee 
joint. The physical and mechanical unity of the inventive 
implants two Zone structure is a major improvement over 
existing two-Zone prior art devices. 
0033. The implant can be manufactured in a number of 
different ways. In one preferred embodiment, an aqueous 
dispersion of biopolymeric fibers is prepared by techniques 
well known in the art. See U.S. Pat. Nos. 3,157,524 and 
5,326.350. The dispersed fibers are homogenized and de 
aired to obtain uniformly dispersed fibers prior to a reconsti 
tution step. The short fibers thus produced are reconstituted, 
i.e., coacervated, by adjusting the pH to the isoelectric point 
of the fiber, e.g., pH 5 for a purified type I collagen fiber. 
Alternatively, the reconstitution can be accomplished by add 
ing a neutral salt to the dispersion (e.g., NaCl) to a final salt 
concentration of about 5% by weight. 
0034. The reconstituted fibers are then partially dehy 
drated via mechanical compression to remove excess 
amounts of liquid associated with the fibers. The partially 
dehydrated fibers are then compressed into a sheet of defined 
size and shape, e.g., a rectangular shape of defined thickness. 
0035 Calcium-containing mineral particles are uniformly 
sprayed over a defined area of the sheet such that the weight 
percent of the particles to the biopolymeric fibers reaches a 
predetermined ratio. The sprayed sheet is then rolled up (see 
FIG. 1A) and placed into a mold having a desired length and 
diameter. The molded sheet is then freeze-dried in a commer 
cial freeze dryer at a defined temperature and time period that 
is well known in the art. 
0036. The freeze-dried molded sheet is chemically 
crosslinked to stabilize the matrix. Chemical crosslinking is 
well known in the art. Common crosslinking agents can be 
used, including aldehyde compounds, Small Sugar molecules, 
carbodiimides, and hexamethylene diisocynates. The 
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crosslinked matrix is then rinsed to remove any residual 
crosslinking agent. Alternatively, non-chemical techniques 
Such as dehydrothermal crosslinking and ultraviolet 
crosslinking can be used. The implant thus produced can then 
be packaged for Sterilization. 
0037. In another embodiment, a cylindrical biopolymeric 
fiber matrix is first fabricated. Reconstituted, partially dehy 
drated biopolymeric fibers produced as described above are 
placed into a cylindrical mold and then freeze-dried. The 
freeze-dried cylindrical matrix is then crosslinked as 
described above. One end of the crosslinked cylindrical 
matrix is immersed into an acidic solution of a calcium phos 
phate compound, e.g., 10% w/v carbonate apatite in 3 MHCl, 
for a defined period of time, e.g., 10 to 30 minutes, until the 
solution reaches a level that is approximately 5 mm from the 
non-immersed end of the cylinder. Calcium and phosphate 
ions migrate with the solution and fill the interstitial space of 
the cylindrical matrix. The calcium phosphate ion impreg 
nated matrix is then exposed to an ammonium vapor, such as 
that generated from 3% NHOH, to neutralize the acid. At 
neutral pH, calcium phosphate compounds of several forms 
will be precipitated out from the solution, forming insoluble 
calcium phosphate mineral particles within the interstitial 
space of the matrix. The amount of calcium phosphate min 
eral particles within the matrix can be controlled by adjusting 
the concentration of the calcium and phosphate ions in the 
acid solution. The higher the concentration, the more calcium 
phosphate mineral particles will be incorporated into the 
matrix. 
0038. In another preferred embodiment, partially dehy 
drated biopolymeric fibers produced as described above are 
molded into a cap form having a thickness of approximately 
2 mm to 6 mm and a side wall of 1 cm to 2 cm in length having 
a wall thickness from 0.5 mm to 2 mm. The cap is then freeze 
dried. The resulting freeze-dried collagen cap can have a 
density from 0.30 g/cm to 0.40 g/cm. A pre-mixed paste 
containing biopolymeric fibers and calcium containing min 
eral particles is then inserted into the cap. The filled cap is 
then wetted to enhance mechanical integration between the 
cap and the filling. The filled fiber cap is then placed in a mold 
and freeze-dried. The final freeze-dried matrix is then 
crosslinked as described above, thereby forming the implant. 
In order to increase migration of cells, e.g., osteoblasts, into 
the matrix implant, the walls of the matrix can be perforated 
with fine needles. 

0039. In yet another embodiment, a cancellous bone block 
is pre-engineered into a cap form. The bone cap is then thor 
oughly cleaned by various chemicals to remove adhering 
materials, such as blood components, cells, and lipids. The 
bone cap is then Subjected to a demineralization step. Com 
monly used chemicals to remove the mineral component from 
the bone are inorganic acids such as HCl (0.6 M), or EDTA 
(0.5 M). The resulting demineralized bone matrix is further 
Subjected to a series of chemical treatments to remove as 
much as possible non-collagenous materials from the dem 
ineralized matrix. 

0040. The implant is formed from the demineralized 
matrix cap as described above for the fiber cap by filling it 
with a pre-mixed paste containing biopolymeric fibers and 
calcium containing mineral particles, molding, freeze-dry 
ing, and crosslinking 
0041. The implant can be used by creating a bone defect in 
areas where, as a result of disease, articular cartilage has been 
depleted and subchondral bone has eroded. The insertion of 
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an implant of the present invention will assist in the repair of 
both the bone and cartilage structure, thus minimizing pain 
and improving the range of motion of the joint. The implant is 
also particularly useful for repairing the sites where osteo 
chondral bone autografts have been harvested to repair an 
osteochondral defect site, e.g., 1 cm in diameter and 1.5 cm in 
length. 
0042. Without further elaboration, it is believed that one 
skilled in the art can, based on the description above, utilize 
the present invention to its fullest extent. The specific 
examples below are to be construed as merely illustrative, and 
not limitative of the remainder of the disclosure in any way 
whatsoever. All references cited herein are hereby incorpo 
rated by reference in their entirety. 

Example 1: Preparing a Bone and Cartilage Repair 
Implant 

0043. Purified type I collagen fibers (1.25 g) were dis 
persed in 200 ml of 0.07 M lactic acid (pH 2.3) overnight, 
homogenized with a Silverson Homogenizer, and then fil 
tered through a 50 mesh stainless steel screen. The resulting 
acidic dispersion, which had a collagen content of 0.62% 
(w/v), was placed under vacuum to remove trapped air and 
stored at 4°C. until use. The purified collagen fibers were 
prepared essentially as described in U.S. Pat. No. 6,716,225. 
0044 Collagen fibers were reconstituted by adding 15 ml 
of 0.6% NHOH to 50 g of the acidic collagen dispersion, 
thereby adjusting the solution to the isoelectric point of col 
lagen, i.e., pH 4.5-5.0. The reconstituted collagen fibers were 
partially dehydrated and compressed into a rectangular sheet 
of about 3 cmx5 cm. Then, 0.72 g of Cao (PO, CO)(OH) 
mineral particles having a diameter of 0.125 mm to 2 mm was 
sprayed through a mesh screen over a 3 cmx4.5 cm area of the 
collagen sheet. The final mineral content of the composite 
was about 70% by weight of the collagen sheet. 
0045. The resulting composite sheet was rolled up to form 
a spiral implant and then placed into a cylinder shaped mold 
of 1 cm in diameter and 1.5 cm in length. The cylindrical 
collagen/mineral composite was freeze dried, followed by 
crosslinking for 4 hours at ambient temperature using form 
aldehyde vapor generated from a 0.3% formaldehyde solu 
tion. The crosslinked collagen/mineral cylinder was rinsed 
and then freeze dried, thereby forming a bone and cartilage 
repair implant. 

Example 2: Alternative Preparation Method of a 
Bone and Cartilage Repair Implant 

0046. Approximately 35 ml of 0.6% NHOH was added to 
200 g of the acidic collagen dispersion described in Example 
1 in a 2 L vacuum flask to coacervate the collagen fibers. 
Excess solution was removed from the fully coacervated 
fibers by placing them in a perforated mesh basket. The 
weight of the fibers after this partial dehydration was about 
10-20 g. The partially dehydrated collagen fibers were 
inserted into a cylindrical mold and lightly compressed using 
a constant weight for approximately 24 hours. Compression 
was continued until sufficient water was removed such that 
the collagen fiber cylinder was 1 cm in diameter and 2 cm in 
length. The dehydrated collagen fiber plug thus formed was 
then freeze dried, crosslinked as described in Example 1 
above, and rinsed to remove any residual crosslinking agent, 
thus forming a collagen plug matrix. 
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0047 One end of the collagen plug matrix was inserted 
into a 10% w/v solution of carbonate apatite in 3 MHCl for 30 
minutes until the solution reached a level that was 5 mm from 
the top edge of the cylindrical collagen plug matrix. The 
calcium phosphate ion-impregnated matrix was then 
removed from the solution and exposed to ammonia vapor to 
neutralize the acid solution. This neutralization step caused 
precipitation of the calcium phosphate from the Solution, thus 
forming a collagen plug matrix containing calcium phos 
phate. The resulting mineral collagen matrix was then freeze 
dried. By controlling the concentration of the mineral ions in 
the acid solution, the amount of calcium phosphate minerals 
content within the matrix can be controlled 
0048. The amount of mineral incorporated into the matrix 
was determined by ashing the collagen mineral composite 
matrix at a temperature of about 550° C. and weighing the 
mineral. The weight percent of calcium phosphate incorpo 
rated into the bone and cartilage repair implant was 52%. 

Example 3: Bone and Cartilage Repair Implant 
Having a Collagen Cap and a Collagen Mineral 

Composite 

0049 Approximately 30 g of acidic collagen dispersion 
prepared as described above in Example 1 was reconstituted 
by adding 10 ml of 0.6% NHOH to the isoelectric point of 
collagen. The reconstituted collagen fibers were partially 
dehydrated and placed into a cylindrical-shaped mold of 1 cm 
in diameter and 2 cm in length. A piston and a washer were 
used to compress the reconstituted collagen fibers into a cap 
form having the desired shape and then freeze dried. The 
resulting freeze-dried collagen cap had a density of 0.35 
g/cm. 
0050 Collagen fibers (2.8 g) and 6.5g of carbonate apatite 
inorganic bone mineral (particle size <0.35 mm, Collagen 
Matrix, Inc., Franklin Lakes, N.J.) were co-dispersed in 200 
ml of 0.03 M. NaOH (pH 11.5) overnight. The mixture was 
homogenized with a Silverson homogenizer for 1 minute and 
de-aired under vacuum. 
0051. The pH of the mixture was adjusted to between 6.5 
and 9 by adding an acidic collagen dispersion prepared as 
described in Example 1, thereby reconstituting the collagen 
fibers. The reconstituted collagen mineral composite was de 
aired under vacuum and was partially dehydrated over a 
strainer until a fixed volume was obtained for the final desired 
density. 
0052. The collagen mineral composite was then inserted 
into the collagen cap. The resulting collagen mineral com 
posite implant was hydrated to enhance interdigitation of 
collagen fibers in the cap component with the collagen fibers 
in the mineral composite. The hydrated implant was then 
molded into a cylindrical dimension, followed by freeze dry 
ing. The freeze dried collagen mineral composite was 
crosslinked and rinsed as described in Example 1 above. 

Example 4: Alternative Bone and Cartilage Repair 
Implant Having a Collagen Cap and a Collagen 

Mineral Composite 

0053 A cancellous bone block was pre-shaped into a cap 
form. The pre-engineered bone cap material was cleaned 
using multiple steps, among them Steam cleansing, detergent 
washing, water rinsing in a ultrasonic cleaner, sodium 
hydroxide extracting, and isopropanol extracting to remove 
adhered tissue, cells, blood components, and lipids. The 
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cleaned bone cap was demineralized by treating it with 0.5 M 
EDTA for 3 to 6 days The demineralized bone matrix (bone 
collagen cap) was then further purified to remove non-collag 
enous materials by extraction with sodium hydroxide and 
hydrochloric acid, rinsing with isopropanol, treating with 
hydrogen peroxide, and rinsing with water. The resulting 
purified demineralized bone matrix was then subjected to 
vacuum-drying. 
0054. A collagen mineral composite prepared as described 
in Example 3 was inserted into the cap-shaped demineralized 
bone matrix. The implant precursor thus formed was hydrated 
and molded into a cylindrical dimension to keep its structural 
shape prior to freeze drying. The resulting freeze dried 
implant was then crosslinked and rinsed as described in 
Example 3. 

OTHER EMBODIMENTS 

0055 All of the features disclosed in this specification 
may be combined in any combination. Each feature disclosed 
in this specification may be replaced by an alternative feature 
serving the same, equivalent, or similar purpose. Thus, unless 
expressly stated otherwise, each feature disclosed is only an 
example of a generic series of equivalent or similar features. 
0056. From the above description, one skilled in the art 
can easily ascertain the essential characteristics of the present 
invention, and without departing from the spirit and scope 
thereof, can make various changes and modifications of the 
invention to adapt it to various usages and conditions. Thus, 
other embodiments are also within the claims. 
What is claimed is: 
1. A biocompatible and bioresorbable implant having a 

physically and mechanically stable bi-phasic structure for the 
repair of bone and cartilage, comprising a cell conductive 
Zone that contains a first matrix including first biopolymeric 
fibers, and an osteoconductive Zone that contains a second 
matrix including second biopolymeric fibers and calcium 
containing mineral particles, wherein the cell conductive 
Zone is free of calcium-containing mineral particles, the first 
biopolymeric fibers extend into the osteoconductive Zone and 
overlap with the second biopolymeric fibers, and the cell 
conductive Zone overlaps with and is in direct contact with the 
osteoconductive Zone. 

2. The implant of claim 1, wherein the first biopolymeric 
fibers include a protein. 

3. The implant of claim 2, wherein the protein is a fibrillar 
collagen. 

4. The implant of claim 3, wherein the collagen is type I 
collagen, type II collagen, or type III collagen. 

5. The implant of claim 1, wherein the calcium-containing 
mineral particles include synthetic or natural calcium-con 
taining compounds. 

6. The implant of claim 1, wherein the first matrix has a 
density of 0.03 g/cm to 0.8 g/cm and a compressive modulus 
of 0.05 N/cm to 10 N/cm. 

7. The implant of claim 6, wherein the shape of the implant 
is a circular cylinder. 

8. The implant of claim 7, wherein the implant has a length 
of 0.3 cm to 2 cm and a diameter of 0.2 cm to 3 cm. 

9. The implant of claim 8, wherein a content of mineral 
particles is from 30% to 95% by weight of the implant. 

10. The implant of claim 9, wherein a length of the cell 
conductive Zone is 10% to 60% of the length of the implant. 

11. The implant of claim 10, wherein the implant length is 
0.5 cm to 1.25 cm, the diameter is 0.5 cm to 1.5 cm, the 
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content of mineral particles is from 60% to 90% by weight of 
the implant, the length of the cell conductive Zone is 15% to 
40% of the length of the implant, the calcium-containing 
compounds are carbonate-containing apatite, and the first 
matrix has a density of 0.05 g/cm to 0.5 g/cm and a com 
pressive modulus of 0.1 N/cm to 5.0 N/cm. 

12. The implant of claim 1, further comprising a bioactive 
molecule. 

13. The implant of claim 12, wherein the bioactive mol 
ecule is a growth factor, a cell adhesive molecule, a cytokine, 
a glycoprotein, a proteoglycan, an antibiotic, or a polysaccha 
ride. 

14. The implant of claim 1, further comprising cells. 
15. The implant of claim 14, wherein the cells are osteo 

blasts, chondrocytes, stem cells, or bone marrow cells. 
16. A biocompatible and bioresorbable implant for the 

repair of bone and cartilage, comprising a matrix that contains 
biopolymeric fibers, the matrix having a cell conductive Zone 
and an osteoconductive Zone, wherein the osteoconductive 
Zone includes calcium-containing mineral particles, the cell 
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conductive Zone is free of calcium-containing mineral par 
ticles, the biopolymeric fibers extend from the cell conductive 
Zone into the osteoconductive Zone, and the cell conductive 
Zone is in direct contact with the osteoconductive Zone. 

17. The implant of claim 16, wherein the biopolymeric 
fibers include a fibrillar collagen and the calcium-containing 
mineral particles are present at 60% to 90% by weight of the 
implant. 

18. The implant of claim 17, wherein the fibrillar collagen 
is type I collagen and the calcium-containing mineral par 
ticles are carbonate apatite particles. 

19. The implant of claim 18, wherein the implant is cylin 
drical, having a length of 0.5 cm to 1.25 cm and a diameter of 
0.5 cm to 1.5 cm, and the cell conductive Zone has a length 
equal to 15% to 40% of the implant length. 

20. The implant of claim 19, wherein the cell conductive 
Zone has a density of 0.05 g/cm to 0.5 g/cm and a compres 
sive modulus of 0.1 N/cm to 5 N/cm. 

k k k k k 


