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BIODEGRADABLE MATERIAL COMPONENTS 

[0001] This invention concerns components made of bio 
degradable materials, a method of making such materials, 
such materials, and a method of making such components. 

[0002] Orthopaedic surgery, craniofacial surgery and 
related ?elds of medicine require the use of materials Which 
are suitable as implants and prostheses, for example to ?ll 
voids created by surgical removal of bone or tissue, or in the 
formation of screWs, pins or plates to hold together bone 
surfaces or attach ligaments or tendons Whilst natural heal 
ing takes place. Such materials must, particularly When they 
are used as load bearing implants, possess good mechanical 
strength and a suf?ciently high Young’s modulus to provide 
secure ?xation. Commonly used prosthetic materials include 
metals such as cobalt—chromium alloys, titanium and stain 
less steel. Many studies hoWever, have shoWn that the high 
rigidity of these materials can prevent complete healing 
since much of the load Which is normally carried by the bone 
is transferred across the defect site by the implant i.e. 
producing a stress shielding effect. In addition, metallic 
implants can have a number of other disadvantages includ 
ing long term metal ion release and often the need for further 
surgery to remove the implant. 

[0003] Bioabsorbable polymers are a class of materials 
that are noW being used in a Wide range of medical appli 
cations. These include soft tissue support such as sutures and 
Wound care patches and hard tissue repair and ?xation such 
as plates, screWs and pins. The rate of healing of bone and 
the establishment of viable haversian systems is about six 
Weeks in man and hence materials for fracture support 
should maintain adequate strength and modulus throughout 
this time frame. 

[0004] The invention provides a component made of a 
biodegradable material Which material comprises a bioab 
sorbable polymer component and a bioactive ?ller material, 
Wherein particles of the ?ller occur embedded Within the 
surface of the component. 

[0005] The component may comprise any of a screW, pin, 
plate, suture, Wound care patch, spinal spacer, osteotomy 
Wedge, cement restrictor, non-Woven mesh or other item 
usable in surgery and related ?elds of medicine. 

[0006] According to the present invention there is also 
provided a method of making a biodegradable material, the 
method comprising mixing together a bioabsorbable poly 
mer component and a bioactive ?ller material. 

[0007] The polymer component and ?ller are preferably 
mixed together in the form of granules each having similar 
particle siZe ranges. The particle siZe may be betWeen 0.5 
mm and 5 mm. 

[0008] The polymer component and ?ller may be mixed 
together in the form of dry particulate materials. 

[0009] Alternatively the polymer component may be 
coated With the ?ller. 

[0010] The polymer component may be Wetted With a 
solvent prior to or during mixing and the solvent may 
comprise chloroform. The polymer component may be 
sprayed onto the ?ller. 

[0011] The material is preferably subsequently dried to 
remove the solvent. 
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[0012] The particle siZe of the polymer component may be 
reduced prior to mixing With the ?ller. The polymer com 
ponent may be milled and may be cryogenically milled. 

[0013] The particle siZe of the ?ller may be increased prior 
to mixing With the polymer component, and the ?ller mate 
rial may be caused to agglomerate or granulate. 

[0014] The invention further provides a biodegradable 
material, the material being formed by a method according 
to any of the preceding eight paragraphs. 

[0015] The mixture is preferably substantially homoge 
neous. 

[0016] The polymer component is preferably synthetic, 
and may comprise a polyester. 

[0017] The polymer component preferably comprises one 
or more polymers or co-polymers of lactic acid (L and/or D), 
glycolic acid, hydroxybutyric acid, hydroxyvaleric acid, 
poly dioxanone, poly caprolactone, poly ethylene oxide or 
poly butylene terephthalate. 
[0018] The ?ller may comprise alone or in combination, a 
calcium phosphate, calcium sulphate or carbonate biocer 
amic ?ller, or a bioactive glass. The ?ller preferably com 
prises hydroxyapatite and/or beta tri-calcium phosphate. 

[0019] The ?ller preferably has a particle siZe of substan 
tially less than 100 microns. The ?ller preferably constitutes 
betWeen 1% and 50% of the mixture by Weight, and desir 
ably betWeen 15% and 35%. 

[0020] The ?ller may additionally comprise, alone or in 
combination, a sacri?cial porosi?er. The sacri?cial porosi 
?er may comprise a Water soluble, heat stable inorganic salt. 
The inorganic salt may comprise sodium chloride. The 
sodium chloride may be in the form of a ?nely divided 
poWder. The sodium chloride may constitute betWeen 1% 
and 50% by Weight of the material. 

[0021] The material preferably substantially comprises no 
mechanically free ?ller particles With a diameter less than 
100 microns. 

[0022] The invention also provides a method of making a 
component, the method comprising moulding a material 
according to any of said preceding eight paragraphs. 

[0023] The moulding may be in the form of injection 
moulding, compression moulding, extrusion, extrusion fol 
loWed by draWing, melt spinning or other melt forming 
technique. 
[0024] The material is preferably fed to a moulding 
machine, With at least a substantial proportion of the mate 
rial in the form of granules With a diameter of betWeen 0.5 
and 5 mm. 

[0025] The material may be dried prior to moulding. 

[0026] The component may be annealed subsequent to 
moulding. 
[0027] Embodiments of the present invention Will noW be 
described by Way of example only, and With reference to the 
single accompanying draWing Which is a SEM micrograph 
of the surface of a component according to the invention. 

EXAMPLE 1 

[0028] A poly L-lactide (PLLA) of molecular Weight 
200,000 Daltons and mean granule siZe of 4 mm Was added 
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to a pan granulator together With a poly crystalline micro 
porous beta tri-calcium phosphate (TCP) poWder of mean 
particle siZe 10 microns and having no particles greater than 
50 microns diameter. The crystallite siZe of the beta TCP Was 
approximately 1 micron. The ratio of polymer to calcium 
phosphate Was 5:1 parts by Weight. The pan granulator Was 
set in motion and a spray of chloroform Was directed at the 
tumbling mass of granules. The PLLA immediately became 
Wetted by the chloroform and the TCP poWder adhered to the 
resulting “sticky” polymer surface. When all of the TCP 
appeared to have coated the PLLA granules the granulation 
process Was stopped. The resultant TCP coated PLLA Was 
dried in an oven at 100° C. for 4 hours to remove all traces 
of chloroform and then fed into an injection moulding 
machine Where bony site implantation devices Were moul 
ded. A microscopic examination of the surface of the moul 
ded components revealed calcium phosphate particles 
embedded Within and exposed at the said surface. 

EXAMPLE 2 

[0029] A poly L-lactide of molecular Weight 200,000 
Daltons and mean granule siZe of 4 mm Was cryogenically 
milled to give polymer ?akes of siZe range approximately 1/2 
mm to 11/2 mm With an absence of ?ner material. 

[0030] A beta tri-calcium phosphate poWder of mean 
particle siZe 10 microns and having no particles greater than 
50 microns diameter Was dispersed in Water. The resulting 
slurry Was de-Watered on a Buchner ?lter and the resulting 
?lter cake Was dried. The dry cake Was lightly crushed and 
sieved to give loose agglomerates in the siZe range of 
approximately 1/2 mm to 11/2 mm. These agglomerates Were 
noW lightly sintered folloWed by dry mixing With PLLA 
?akes in the proportions PLLA:TCP, 3:1 by Weight. The 
resulting mix could noW be fed through the hopper into the 
injection moulder Without problems of demixing or bridg 
ing. Inside the moulding machine the high shear conditions 
Within the viscous polymer melt caused break-up of the 
lightly sintered TCP agglomerates. Moulded composite 
implantation devices Were produced Which had a uniform 
dispersion of TCP particles of substantially less than 100 
micron diameter Within both the bulk and the surface of the 
polymer matrix. 

EXAMPLE 3 

[0031] A hydroxyapatite (HA) poWder having a maximum 
particle siZe of about 50 microns Was put into a pan 
granulator. While tumbling, the HA poWder Was sprayed 
With a solution of poly L-lactide of molecular Weight 
150,000 Daltons in chloroform at a concentration of 2 gms 
PLLA in 100 ml of chloroform. Spraying Was stopped When 
the granules reached a maximum siZe of approximately 3 
mm. The product Was dried at 100° C. for 2 hours to remove 
residual solvent and any remaining poWder less than 500 
micron particle siZe Was sieved out of the mix The granu 
lated HA Was noW dry blended With PLLA granules of 
molecular Weight 220,000 Daltons and particle siZe 2 mm to 
3 mm in a Weight ratio of PLLA:HA, 2:1. The mixture Was 
fed to an injection moulding machine and moulded compo 
nents Were produced Which had HA particles embedded 
Within their surface and throughout their bulk. 

EXAMPLE 4 

[0032] A poly L-lactide of molecular Weight 200,000 
Daltons and mean granule siZe of 4 mm Was cryogenically 
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milled to give polymer ?akes of siZe range approximately 1/2 
mm to 11/2 mm With an absence of ?ner material. 

[0033] A lightly sintered polycrystalline hydroxyapatite 
poWder having a particle siZe of about 100-250 microns Was 
dry blended With the PLLA ?akes in the proportions 
PLLA:HA3:1 by Weight and the mixture Was heated to 145° 
C. for 1/2 hour. This temperature is not so high as to melt the 
polymer and start the degradation process but is suf?cient to 
give some “stickiness” and hence cohesion betWeen the 
polymer and the HA. The hot mixture Was stirred together 
and fed to an injection moulding machine. Moulded com 
ponents Were produced Which had HA particles embedded 
Within their surface. 

EXAMPLE 5 

[0034] A calcium carbonate (CC) poWder having a maxi 
mum particle siZe of about 50 microns Was put into a pan 
granulator. While tumbling, the CC poWder Was sprayed 
With a solution of poly L-lactide of molecular Weight 
150,000 Daltons in chloroform at a concentration of 2 gms 
PLLA in 100 ml of chloroform. Spraying Was stopped When 
the granules reached a maximum siZe of approximately 3 
mm. The product Was dried at 100° C. for 2 hours to remove 
residual solvent and any remaining poWder less than 500 
micron particle siZe Was sieved out of the mix. The granu 
lated CC Was noW dry blended With PLLA granules of 
molecular Weight 220,000 Daltons and particle siZe 2 mm to 
3 mm in a Weight ratio of PLLA:CC, 2:1. The mixture Was 
fed to an injection moulding machine and moulded compo 
nents Were produced Which had CC particles embedded 
Within their surface. 

EXAMPLE 6 

[0035] A material Was prepared according to any of the 
methods described in Examples 1 through 5. HoWever the 
bioabsorbable polymer component Was a poly L-lactide 
having a molecular Weight of 450,000 Daltons. 

EXAMPLE 7 

[0036] A material Was prepared according to any of the 
methods described in the preceding examples. In each case 
the ?ller component included a proportion of sodium chlo 
ride ranging betWeen 1% and 99% of the total Weight of the 
?ller. 

[0037] SEM micrographs of the surfaces of components 
produced by the above methods shoW ?ller particles embed 
ded Within the surface of the components, and uniformly 
distributed therein. The accompanying draWing shoWs such 
a micrograph With calcium phosphate ?ller particles shoWn 
in the surface by the letter X. 

[0038] There is thus described a biologically acceptable 
material and injection or compression moulded components 
made from this material, along With a method of making the 
material and the components. The components can be used 
as prosthesis devices Which have mechanical properties 
much closer to natural bone than those for instance of metals 
or polymers. The materials are at least partially bioabsorb 
able as a result of the nature of the materials. Such compo 
nents do not therefore require to be removed from the body 
folloWing natural healing. 

[0039] Polyester polymers degrade through hydrolysis of 
the ester bond in the polymer backbone to produce simple 
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acid repeat units Which can be safely metabolised by the 
body. The degradation rate depends upon the hydrophilic/ 
hydrophobic nature of the polymer along With the molecular 
Weight (MW), and degree of crystallinity. The rate of deg 
radation is chosen to alloW the healing bone to gradually 
restore its physiological load-bearing function. 

[0040] It is to be realised that materials having differing 
rates of resorption can be obtained by selection of different 
polymers or combinations of polymers, or different MW, or 
proportions of ?ller material. The presence of ?ller particles 
moulded Within the surface of the components provides a 
surface Which is less hydrophobic and more amenable to 
early cellular attachment and proliferation than a simple 
polymer surface. The inclusion of particles of a sacri?cial 
porosi?er enables the production of component implant 
devices that contain less polymer and that have a controlled 
porosity pre or post implantation. 

[0041] The poWder feed to the moulding machine contains 
no mechanically free ?ller particles substantially less than 
100 microns diameter, as the particles are either loosely 
bound together, and/or are loosely bound With the polymer. 
The moulded component though contains no ?ller particles 
substantially greater than 100 microns diameter. Coarser 
particles in the moulded component could result in ?aWs or 
centres of Weakness. 

[0042] The addition of ?llers can provide a number of 
advantages such as resulting in increasing modulus such that 
matching of the modulus to bone can be achieved or at least 
approached. HydroXyapatite or beta tri-calcium phosphate 
are osteoconductive Which helps to provide an environment 
for neW bone in-groWth as the polymer resorbs. These ?ller 
materials have a radio density similar to bone and therefore 
help to enable the implant to be imaged using standard X-ray 
techniques. The ?llers can also help to prevent the loWering 
of pH Which can occur during degradation of the polymers 
due to the acid products being released, Which may not be 
able to diffuse sufficiently quickly aWay. The poWder feed to 
the moulding machine contains ?ller particles Which are not 
fully encapsulated by the polymer and have not been com 
pounded by a melting process. Such melting Would tend to 
prevent ?ller particles being provided on the surface of the 
components. 

[0043] Various other modi?cations may be made Without 
departing from the scope of the invention. For instance, 
different materials may be usable. Instead of the ?llers 
indicated in the examples, other bioactive materials could be 
used such as calcium carbonate, calcium sulphate or bioac 
tive glass. The ?ller may comprise a sacri?cial porosi?er 
other than sodium chloride Which may additionally comprise 
and constitute a therapeutic agent for controlled release. The 
conditions during formation of the material and the compo 
nents can be adjusted as is required. The components may be 
annealed to remove stresses folloWing formation. Moulding 
techniques other than injection moulding may be used, such 
as compression moulding, melt spinning or extrusion. The 
components may be draWn in order to align the polymer 
chains folloWing formation. Alternative solvents to chloro 
form may be used. 

[0044] Whilst endeavouring in the foregoing speci?cation 
to draW attention to those features of the invention believed 
to be of particular importance it should be understood that 
the Applicant claims protection in respect of any patentable 
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feature or combination of features hereinbefore referred to 
and/or shoWn in the draWings Whether or not particular 
emphasis has been placed thereon. 

1. A component made of a biodegradable material Which 
material comprises a bioabsorbable polymer component and 
a bioactive ?ller material characterised in that particles of 
the ?ller occur embedded Within the surface of the compo 
nent. 

2. A component according to claim 1 characterised in that, 
the component comprises any of a screW, pin, plate, suture, 
Wound care patch, spinal spacer, osteotomy Wedge, cement 
restrictor, non-Woven mesh or other item usable in surgery 
and related ?elds of medicine. 

3. A method of making a biodegradable material usable to 
make a component according to claim 1, characterised in 
that the method comprises miXing together a bioabsorbable 
polymer component and a bioactive ?ller material. 

4. Amethod according to claim 3 characterised in that, the 
polymer component and ?ller are miXed together in the form 
of granules each having similar particle siZe ranges. 

5. Amethod according to claim 3 characterised in that, the 
particle siZe is betWeen 0.5 mm and 5 mm. 

6. Amethod according to claim 3 characterised in that, the 
polymer component and ?ller are miXed together in the form 
of dry particulate materials. 

7. Amethod according to claim 3 characterised in that, the 
polymer component is coated With the ?ller. 

8. Amethod according to claim 3 characterised in that, the 
polymer component is Wetted With a solvent prior to or 
during miXing. 

9. Amethod according to claim 8 characterised in that, the 
solvent comprises chloroform. 

10. A method according to claim 8 characterised in that, 
the polymer component is sprayed onto the ?ller. 

11. A method according to the claim 8 characterised in 
that, the material is subsequently dried to remove the sol 
vent. 

12. A method according to claim 3 characterised in that, 
the particle siZe of the polymer component is reduced prior 
to miXing With the ?ller. 

13. A method according to claim 12 characterised in that, 
the polymer component is milled. 

14. A method according to claim 13 characterised in that, 
the polymer component is cryogenically milled. 

15. A method according to claim 3 characterised in that, 
the particle siZe of the ?ller is increased prior to miXing With 
the polymer component. 

16. A method according to claim 15 characterised in that, 
the ?ller material is caused to agglomerate or granulate. 

17. A biodegradable material, characterised in that, the 
material is formed by a method according to claim 3. 

18. Amaterial according to claim 17 characterised in that, 
the miXture is substantially homogenous. 

19. Amaterial according to claim 17 characterised in that, 
the polymer component is synthetic. 

20. Amaterial according to claim 17 characterised in that, 
the polymer component comprises a polyester. 

21. Amaterial according to claim 17 characterised in that, 
the polymer component comprises one or more polymers or 
co-polymers of lactic acid (L and/or D), glycolic acid, 
hydroXybutyric acid, hydroXyvaleric acid, poly dioXanone, 
poly caprolactone, poly ethylene oXide or poly butylene 
terephthalate. 
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22. Amaterial according to claim 17 characterised in that, 
the ?ller comprises alone or in combination, a calcium 
phosphate, calcium sulphate or carbonate bioceramic ?ller, 
or a bioactive glass. 

23. Amaterial according to claim 22 characterised in that, 
the ?ller comprises hydroxyapatite and/or beta tri-calcium 
phosphate. 

24. Amaterial according to claim 17 characterised in that, 
the ?ller has a particle siZe of substantially less than 100 
microns. 

25. A material according to claim 17 characterised in that 
the ?ller constitutes betWeen 1% and 50% of the mixture by 
Weight. 

26. Amaterial according to claim 25 characterised in that, 
the ?ller constitutes betWeen 15% and 35% of the mixture by 
Weight. 

27. Amaterial according to claim 17 characterised in that, 
the ?ller additionally comprises, alone or in combination, a 
sacri?cial porosi?er. 

28. Amaterial according to claim 27 characterised in that, 
the sacri?cial porosi?er comprises a Water soluble, heat 
stable inorganic salt. 

29. Amaterial according to claim 28 characterised in that, 
the inorganic salt comprises sodium chloride. 

30. Amaterial according to claim 29 characterised in that, 
the sodium chloride is in the form of a ?nely divided poWder. 
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31. Amaterial according to claim 29 characterised in that, 
the sodium chloride constitutes betWeen 1% and 50% by 
Weight of the material. 

32. Amaterial according to claim 17 characterised in that, 
the material substantially comprises no mechanically free 
?ller particles With a diameter less than 100 microns. 

33. A method of making a component according to claim 
1, characterised in that, the method comprises moulding a 
material according to claim 17. 

34. A method according to claim 33 characterised in that, 
the moulding is in the form of a selected one of injection 
moulding, compression moulding, extrusion, extrusion fol 
loWed by a selected melt forming technique. 

35. A method according to claim 33 characterised in that, 
the material is fed to a moulding machine, With at least a 
substantial proportion of the material in the form of granules 
With a diameter of betWeen 0.5 and 5 mm. 

36. A method according to claim 33 characterised in that, 
the material is dried prior to moulding. 

37. A method according to claim 33 characterised in that, 
the component is annealed subsequent to moulding. 


