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(57) ABSTRACT 

This invention relates to a material that degrades after 
implantation into a patient’s tissue, and resorbs into the 
patient’s body, Which material is manufactured of polymer, 
copolymer or polymer alloy. The material has a non-crys 
talline, i.e., amorphous structure and is molecularly oriented 
and reinforced by mechanical deformation. Further, the 
material can be formed into surgical devices, such as screWs 
and pins, for implantation into a patient. 

I30 

Shear strength lMPa) 

Drawing ratio 
_ Non-reinforced PIUDULA (7080) 



Patent Application Publication May 1, 2003 Sheet 1 0f 5 US 2003/0083745 A1 

I30 

Shear ltrength IMPa) 

Drawing ratin 
— Non-reinforced PIUDULA (10:30) --a- T = 60's 

-B- T = 70': + T = am: 

Fig. 1 



Patent Application Publication May 1, 2003 Sheet 2 0f 5 US 2003/0083745 A1 

3.5 4 

Tensile break energy (Jlmmz) 7'. if‘. "’ a 

bu ll-Illlj 1 
Test speed (7“ min‘ 

+ Non-reinforced P(UDL)LM7°'3°) -a- SR-P(UDL) manna) 

Fig. 2 



Patent Application Publication May 1, 2003 Sheet 3 0f 5 US 2003/0083745 A1 

5' 5 3 n O. F’. El '2 



Patent Application Publication May 1, 2003 Sheet 4 0f 5 US 2003/0083745 Al 

O 

Fig. 4b 



Patent Application Publication May 1, 2003 Sheet 5 0f 5 US 2003/0083745 A1 

Fig. 5 



US 2003/0083745 A1 

UNDER TISSUE CONDITIONS DEGRADABLE 
MATERIAL AND A METHOD FOR ITS 

MANUFACTURING 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/043,720, ?led Aug. 26, 1998, the 
disclosure of Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to under tissue conditions 
degradable rnaterial. 

BACKGROUND OF THE INVENTION 

[0003] In surgery, it is knoWn to employ irnplants rnanu 
factured of biodegradable (under tissue conditions absorb 
able) polymers for connecting tissues together, for separat 
ing tissues from each other, for ternporarily replacing tissues 
partially or entirely and for guiding the healing or groWth of 
the tissues. It is knoWn to manufacture of partly crystalliZed 
therrnoplastic, biodegradable polyrners strong irnplant mate 
rials by stretching elongated blanks, such as ?bres or bars in 
a manner that the crystalline structure of the materials is 
rnodi?ed and directed (oriented) increasing the strength and 
the stiffness of the material in the orientation direction. 
Publication US. Pat. No. 4,968,317 presents partly crystal 
line, biodegradable biornaterials, oriented by the draWing 
technique Which can be used When rnanufacturing e.g. 
various equipments for ?xation of bone fractures. Publica 
tion EP-03211761 presents a method for manufacturing 
oriented, partially crystalline, biodegradable material by 
cooling the thermoplastic polymer to a temperature loWer 
than its glass-transition temperature, in Which the nucleation 
of the crystals takes place, and by reheating the material to 
a temperature Which is higher than the glass-transition 
temperature of the material but loWer than its melting 
temperature, and by stretching the material under these 
conditions to gain orientation. 

[0004] Publication WPI ACC No: 89-220470/3O presents 
a surgical biornaterial consisting of rnolecularly oriented 
lactic acid polymers or its copolyrner With glycol acid, 
having a crystal content of 10 to 60% in the material and a 
compression bending strength of 160 to 250 MPa. 

[0005] Partially crystalline biodegradable polyrner mate 
rials can be used for manufacturing e.g. various rods, 
screWs, plates etc. to be employed eg when repairing bone 
fractures or damages in connective tissue. The folloWing 
publications disclose results of applying these types of 
materials in surgical use: P. Rokkanen et al.: “Utilisation des 
irnplants biodegradables dans le traiternent chirurgical des 
fractures et au cours des osteotornies”, Orthop. Traurnato 12, 
(1992). pp. 107-11; EX Partio et al.: “Irnrnobilisierung und 
Fruhrnobilisierung von Malleolartrakturen nach Osteosyn 
these rnit resorbierbaren Schrauben”, Unfallchirurgie 18(5), 
(1992), pp. 304-310; H. Pihlajarnaki et al.: “Absorbable pins 
of self-reinforced poly-l-lactic acid for ?xation of fractures 
and osteotornies”, J Bone Joint Surg 74-B(6), (1992). pp. 
853-857; T. Yarnarnuro et al.: “Bioabsorbable osteosynthetic 
irnplants of ultra high strength poly-L-lactide. A clinical 
study”, Int. Orthop. 18, (1994), pp. 332-340. 

[0006] Crystalline con?guration as such gives the non 
oriented biodegradable rnaterials strength and toughness in 
a manner that they can be employed eg in bone surgery, in 
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selected surgical ernbodirnents, such as in healing of non 
loaded bone fractures (cf. e.g. S. Vainionpaa. P. Rokkanen 
and P. Torrnalad: “Surgical applications of biodegradable 
polymers in human tissues”, Prog. Polyrn. Sci. 14, (1989), 
pp. 679-716). 

[0007] Although the partially crystalline biodegradable 
materials have good, in case of oriented rnaterials even 
excellent, strength properties, and the strength retention time 
in vivo can be controlled to a typical term of 1 to 12 months, 
the disadvantage is very sloW degrading of the crystal phase 
of the material. Nurnerous researches have found out that 
partially crystalline, biodegradable rnaterials ?rst degrade at 
their arnorphous (non-crystalline) parts, since degrading 
starts and is easiest in the amorphous areas of the material, 
Which are situated betWeen the crystalline areas (cf. e.g. E. 
W. Fischer, H. J. SterZel, G. Wegner G.: “Investigation of the 
structure of solution groWn crystals of lactide co-polyrners 
by means of chemical reactions”. Kollold-Z. Polyrn. 251, 
(1973), pp. 980-990). As a result of the said heterogeneous 
degradation, in the last phase of the polymer absorbing, 
rnainly crystalline, very sloWly degradable particles are 
created. In some tissues, these particles can cause harmful 
side effects, such as sWelling in the tissue and pain (cf. e.g. 
E. J. Bergsrna et al.: “Foreign Body Reactions to Resorbable 
Poly (L-lactide) Bone Plates and ScreWs Used for the 
Fixation of Unstable Zygornatic Fractures”, J. Oral Maxil 
lofac. Surg. 51, (1993) pp. 666-670). 

[0008] HoWever, since the non-crystalline (arnorphous) 
biodegradable polymer material has no sloWy degradable 
crystal structures, degradation of amorphous polymer is 
under tissue conditions taster than degradation of partially 
crystalline polymer, and due to the lack of crystalline 
structure, no such harrnful tissue reactions can occur When 
the amorphous polymers are degrading, as described eg in 
the above mentioned publication E. J. Bergsrna et al. HoW 
ever, a draWback With arnorphous biodegradable polymers is 
their poor mechanical strength properties. As for the 
mechanical properties, the amorphous biodegradable mate 
rials are either very ductile (“rubber-like”), if their glass 
transition temperature is under the body temperature, or, on 
the other hand, they are hard and glass-like if their glass 
transition temperature is over the body temperature. In every 
case, the amorphous polymers have relatively Weak strength 
properties. 

[0009] Insuf?cient strength of the amorphous, biodegrad 
able polyrner irnplants is found in clinical research as high 
frequency of breaking of fracture ?xations. E.g. the publi 
cation K. E. Rehrn, H.-J Helling, L. Claes: “Bericht der 
Arbeitsgruppe Biodegradable Irnplante”. Akt. Traurnatol. 24 
(1994), pp. 70-74 presents clinical results from 57 patents. 
In the research, various fractures in the cancellous bone area 
Were ?xated With biodegradable rods rnanufactured of arnor 
phous poly-L/DL-lactide (With L/DL ratio of 70/30). In the 
post-surgical folloW-up of the patients, a dislocation of bone 
fragment was noticed in four patients, Which signi?es that 
this complication Was found in 7% of the patients. Further, 
With tWo patients (3,5% of the patients) dislocation of the 
rod head Was found. Thus, the total proportion of compli 
cations Was high: 10,5%. Dislocation of bone fragment and 
dislocation of rod head shoW that the strength of the arnor 
phous lactide copolyrner, particularly the shear strength, Was 
not suf?cient for providing safe healing. This result differs 
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clearly eg from the clinical research of H. Pihlajamaki et 
al.”: “Absorbable pins of self-reinforced poly-L-lactic acid 
for ?xation of fractures and osteotomies”, J. Bone Joint 
Surg. (Br) Vol. 74-B, (1992), pp. 853-857, using rods of a 
corresponding type for the ?xation of fractures and osteoto 
mies in cancellous bone area, Which rods Were manufactured 
of partly crystalline, oriented (self-reinforced) poly-L-lac 
tide. The research comprised 27 ?xation-operated patients, 
in Whom no bone fragment dislocations or rod dislocations 
Were found in the post-operation folloW-up (8 to 37 months); 
i.e. the degree of complications Was 0%. Since the shear 
strength of partially crystalline, oriented polylactide rods is 
more than double compared to that of amorphous, non 
oriented polylactide rods (the shear strength of rods used by 
Pihlaj amaki et al. Was 100 to 180 MPa and the shear strength 
of rods used by Rehm et al. Was measured 46 to 54 MPa, cf. 
Example 1), it is obvious that the high proportion of com 
plications in the research of Rehm et al. Was due to insuf 
?cient strength properties of the material used in their study. 
On the other hand, since no sloW-absorbtion, crystalline 
phase is present in the amorphous polymer, absorbing of the 
amorphous polymer takes place, after loosing the strength, 
faster than absorbtion of partly crystalline polymer. For 
example according to the publication of Rehm et al., rods 
manufactured of amorphous poly-L/DL-lactide Were 
absorbed almost entirely in tWo years under tissue condi 
tions, Whereas according to Bergsma et al., there Was a 
signi?cant quantity of crystalline poly-L-lactide present at 
the operation site in the patient even after three years and 
eight months after the implantation. Also Y. Matsususe et al. 
(“In vitro and in vivo studies on bioabsorbable ultra-high 
rigidity poly(L-lactide) rods, J. Biomed. Mater. Res. 26, 
(1992), pp. 1553-1567) noticed that 18 months after the 
placing of the implant, a signi?cant amount (—30%) of partly 
crystalline poly-L-lactide remained in the laboratory ani 
mals. 

[0010] Since the biodegradable implant becomes useless 
in the patient’s system after having lost its strength, it Would 
be advantageous that the implant Would absorb as soon as 
possible after loosing its strength. 

[0011] Thus, crystalline nature gives the biodegradable 
material its good initial strength, but it retards the ?nal 
absorbtion of the polymer after the material has lost its 
strength, and it may even cause harmful chronic complica 
tions in certain embodiments. The amorphous material, in its 
turn, absorbs fast but causes the patient risks When healing 
(danger of dislocation), because of its poor mechanical 
properties. 

SUMMARY OF THE INVENTION 

[0012] It has been. surprisingly discovered in this inven 
tion that the draWbacks of knoWn partly crystalline and, on 
the other hand amorphous biodegradable surgical implants 
can be ef?ciently eliminated by using in their manufacturing. 
instead of knoWn materials, amorphous, biodegradable poly 
mer, copolymer or polymer combination oriented and rein 
forced (self-reinforced) by means of draW technique. The 
present invention thus presents molecularly oriented, self 
reinforced, amorphous, biodegradable surgical biomaterials, 
their use in the manufacturing of surgical implants, their 
parts or compounds, and surgical implants, their parts or 
compounds manufactured of said biomaterials. Said bioma 
terials and implants manufactured thereof can be used in 
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surgery for connecting together tissues or parts thereof, for 
separating tissues or parts thereof, for temporarily replacing 
tissues and/or for guiding healing or groWth of tissues. The 
selfreinforced materials and implants in accordance With the 
invention surprisingly combine the advantageous properties 
of knoWn biodegradable, partially crystalline and, on the 
other hand amorphous materials, and simultaneously elimi 
nate the draWbacks of the materials. Materials of the inven 
tion have surprisingly an especially good shear strength, 
they are tough, they retain their strength for long (typically 
several months in vivo), When sloWly degradable polymer is 
used as raW material, and after having lost their strength they 
absorb faster than knoWn strong, partly crystalline, corre 
sponding biodegradable biomaterials. When tested, reinforc 
ing can be seen as an increase of the strength values in the 
entire macroscopic piece. Additionally, materials of the 
invention can be steriliZed by y-radiation Without them 
loosing too much of their advantageous properties. 

[0013] To obtain the above mentioned objects, under tis 
sue conditions degradable material according to the inven 
tion is mainly characteriZed by What is said in the charac 
teriZing part of the accompanying independent claim 1. 

[0014] The materials according to the invention have 
proved out to be surprisingly strong and tough in a manner 
that they can be used in manufacturing various surgical 
implants to connect tissues or parts thereof to each other, to 
separate tissues or parts thereof from each other, to tempo 
rarily replace tissues and/or to guide healing or groWth of 
tissues. Implants of this type include e.g. various rods, 
screWs, pins, hooks, intramedullary nails, plates, bolts, 
suture anchors. toils, Wires, tubes, stents, spirals or implants 
of a corresponding type, presented eg in publications US. 
Pat. No. 4,743,257, FI Pat. No. 81010, US. Pat. No. 
4,968,317, FI Pat. No. 84137, FI Pat. No. 85223, FI Pat. No. 
82805, PCT/Fl 93/00014 and PCT/Fl 93/00015, US. Pat. 
No. 5,084,051, US. Pat. No. 5,059,211, FI Pat. No. 88111 
and EP-634152. 

[0015] The materials of the invention can be manufactured 
of thermoplastic, amorphous biodegradable polymers, such 
as L-lactide copolymers containing a large quantity of 
D-lactide units (eg poly L/DL-lactides having 15 to 85 
molecular-% of D-units), amorphous copolymers of lactide 
and glycol, as Well as polymer combinations forming amor 
phous alloys. It is self-evident that the materials of the 
invention can be manufactured also from other amorphous, 
biodegradable polymers, like eg of polyorthoesters, (see 
eg US. Pat. No. 4,304,767), of pseudopoly (amino acids) 
(see eg S. I. Ertel et al., J. Biomed.Mater. Res., 29 (1995) 
pp. 1337-1378), etc. 

[0016] Further, materials in accordance With the invention 
can include as compound agent poWder-like ceramic or 
corresponding materials. such as bone meal, hydroxyl-apa 
tite poWder, calcium-phosphate poWder and other absorb 
able ceramic poWders or absorbable ceramic ?bres, like 
bioglass ?bres. 

[0017] According to one advantageous embodiment, the 
material of the invention also contains at least one organic 
or inorganic bioactive agent or agents, such as antibiotics, 
chemotherapeutic agents, agents activating the healing of 
Wounds (e.g. angiogenic groWth factors), bone groWth fac 
tors (bone morphogenic proteins [BMP]) etc. Such bioactive 
materials are particularly advantageous in clinical use, since, 
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in addition to mechanical effect, they also have biochemical, 
medical and other effects for tissue healing. 

[0018] It is obvious that the materials of the invention can 
also include various additives for facilitating processing of 
the material (eg stabilizers, antioxidants or softeners) or for 
altering its properties (eg softeners or poWder-like ceramic 
materials or biostable ?bres, such as polyaramid or carbon 
?bres) or for facilitating its handling (e.g. colorants). 

[0019] The accompanying dependent claims present some 
advantageous embodiments of the material according to the 
invention. 

[0020] The invention also relates to a method for manu 
facturing under tissue conditions absorbable material. The 
method is mainly characteriZed by features presented in the 
characteriZing part of the accompanying independent claim 
relating to the method. 

[0021] Advantageous embodiments of the method are 
presented in the accompanying independent claims. 

[0022] When manufacturing materials in accordance With 
the invention, a molecular orientation is carried out by 
modifying biomaterial in solid state mechanically in a 
temperature Where large scale molecular movements are 
possible, but Where thermal movement is not strong enough 
for the achieved orientation to relax as a result from the 
molecular thermal movements. 

[0023] The simplest Way of performing the mechanical 
modi?cation is to draW a melt-processed (such as injection 
molded, extrusion molded or compression molded), non 
oriented billet or preform (such as a rod, plate or ?lm) to a 
typical draWing ratio of 2 to 6 in the direction of the 
longitudinal axis of the billet. The draWing can also be 
carried out as a so called die draWing, Wherein the billet is 
draWn through a heated die to a suitable draWing ratio. As a 
result of the draWing, the molecule chains and/or parts 
thereof are directed increasingly to the draW direction, 
Wherein the strength and toughness of the material are 
groWing in the draW direction. After the draWing, the draWn 
billet is cooled under stress to room temperature, and various 
implants can be further processed thereof, such as rods, 
screWs, plates, pins, hooks, stents, spirals etc. Suitable 
processing methods are e.g. turning, milling, shearing and 
other mechanical processing methods, thermal processing 
(compression molding under heat and pressure) or combi 
nations of mechanical processing and thermal processing. 

[0024] During draWing, the billet or die can also be turned 
around the longitudinal axis of the billet, Wherein a spiral 
orientation is obtained thereto, Which is particularly advan 
tageous eg in screWs. 

[0025] For plate-formed and foil-like preforms, also tWo 
axial draWing can be carried out, Wherein orientation is 
obtained for the billet also in a direction perpendicular to its 
longitudinal axis. 

[0026] Materials of the invention can be manufactured of 
said raW materials also by using so-called solvent methods, 
Wherein at least a part of the polymer is solved into a suitable 
solvent or softened by the solvent and the material or the 
material combination is compresses to a piece by using 
pressure and possibly a slight heat, Wherein the solved or 
softened polymer glues the material to a macroscopic piece, 
from Which the solvent is eliminated by evaporating. Tech 
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niques of this type are suitable particularly When manufac 
turing thermosensitive enZymes, peptides and proteins, such 
as implants containing BMP-molecules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] In the folloWing speci?cation, the invention is 
illustrated With reference to the Examples and the accom 
panying draWings. In the draWings 

[0028] FIG. 1. shoWs test results in draWing ratio—shear 
strength—co-ordination according to Example 1, 

[0029] FIG. 2 shoWs test results in test speed—tensile 
break energy—coordination according to Example 1, 

[0030] FIG. 3 shoWs from tWo directions the installation 
of intramedullary nails in connection With osteolomy in a 
femur according to Example 3, 

[0031] FIG. 4 shoWs from the side (4a) and from the front 
(4b) the manufacturing of material billet according to 
Example 8, and 

[0032] FIG. 5 shoWs a perspective vieW of a prostate 
spiral manufactured of a billet according to FIG. 4. 

DETAILED DESCRIPTION 

Example 1 

[0033] Cylindrical billets having a diameter of 2, 3, 4 and 
5 mm Were manufactured of poly-L/DL-lactide (L/DL mole 
ratio 70/30, incl. viscose 5.8 dl/g, trade name Resomer® LR 
708, manufacturer Boehringer Ingelheim, Germany) by 
extrusion (1-screW extruder), Which billets Were cooled to 
room temperature. 

[0034] Shear strength Was measured according to a 
method presented in the publication P. Tormala et al.: 
“Ultra-high rigidity absorbable self-reinforced polygly 
colide (SR-PGA) composite rods for internal ?xation of 
bone fractures”: In vitro and in vivo study” J. Biomed. Mat. 
Res., 25 (1991), pp. 1-22 to a billet having a diameter (Q) of 
2 mm. The obtained shear strength value Was 5014 MPa. 

[0035] Billets of various siZes Were draWn at various 
temperatures to various draWing ratios (to rods of 0 2 mm) 
for obtaining at least a partial molecular orientation and for 
improving the shear strength of the material. The shear 
strengths of rods oriented and reinforced by draWing are 
presented in FIG. 1. According to FIG. 1, even With a 
draWing ratio 2 the shear strength of the rod has increased to 
1.5-fold (to a value of 73 MPa) as compared to a non-draWn 
rod. With draWing ratios 3 to 5. shear strengths of 110 to 118 
MPa are obtained, Which values are already in the same area 
as the values measured for partially crystalline, draWn 
polylactide rods (cf. e.g. S. Vainionpaaet al.: Surgical appli 
cations of biodegradable polymers in human tissues”, Prog. 
Polym. Sci. 14, (1989). pp. 679-716). 

[0036] Bending impact toughness of a non-draWn P(L/ 
DL)LA (70/3) rod and a rod of the same material draWn to 
a draWing ratio 5 at a temperature of 70° C. Were tested at 
a room temperature by de?ning the bending impact energy 
(J/mm2) of the rods (both having a diameter of 2 mm) by a 
three-point bending impact machine. The bending impact 
energy required for breaking the non-draWn rod Was 0.017 
j/mm2 and the rod Was broken in a brittle manner. The draWn 
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rod did not break at all, but it bent in a ductile manner and 
glided through the supports of the measuring equipment 
When the bending impact energy value Was 0.093 j/mm2 

[0037] Thus, as a result of the draWing reinforcement, the 
bending behaviour of the amorphous Resomer® LR 708 
polymer in impact stress changed from brittle to ductile and 
the endurance of the bending impact of the material 
increased more than ?ve fold. 

[0038] Corresponding break toughness tests Were made to 
a non-draWn and draWn P(L/DL)LA (70/30) rods (Q 2 mm) 
(draWing ratio about 5, draW temperature 75° C.) at a room 
temperature by measuring the energy needed for breaking 
the rod in a draWing test as a function of the testing speed 
(%/min.). The results are shoWn in FIG. 2. According to 
FIG. 2, the tensile break energy of non-draWn rods is 
betWeen 0.2 to 0.7 J/mm2 Whereas the tensile break energy 
of draWn rods Was betWeen 1.8 and 3 J/mm 2. Depending on 
the test conditions, the tensile break energy of the material 
thus increased to 2.5 fold (sloW draW)—15 fold (impact 
draW) as a result of the draW reinforcing. 

Example 2 

[0039] DraWn (self-reinforced) P(L/DL)LA (70/30) rods 
(length 30 to 50 mm, thickness 2 mm) according to Example 
I Were dried in a vacuum at a temperature of 37° C. for 
several days. The rods Were packed in A1-foil bags and 
steriliZed With y-radiation (dose 2.5 Mrad.) 

[0040] Clinical research, corresponding to the research of 
K. E. Rehm et al.: “Bericht der Arbeftsgruppe Biodegrad 
able Implantaten”, Akt. Traumatol 24, (1994), pp. 70-74, 
Was performed relating to the use of draWn, y-steriliZed, 
self-reinforced SR-PLA rods (L/DL ratio 70/30) for ?xation 
of fractures in cancellous bone area. Table I contains com 
parison betWeen indication groups of the Rehm et al. 
research (using non-oriented, reinforced P(L/DL)LA (70/30) 
rods, Q 2 mm) and indication groups of the accompanying 
clinical research (using oriented and self-reinforced P(L/ 
DL)LA (70/30) rods; Bio?x® SR-PLA. Q 2 In the 
clinical research of the rods according to the invention, 
attempts Were made to reach as good correspondence as 
possible With the research of Rehm et al. 

TABLE 1 

Indication groups in the clinical research of non-reinforced 
P(L/DL)LA (70/30) rods, (Rehm et al.: Polypin ®) and self 

reinforced P(L DL)LA (70 30) rods (Bio?x ® SR-PLA) 

Indications Polypin ® Bio?x ® SR-PLA 

Apical fractures 37 patients 40 patients 
Osteochondral fractures 9 patients 12 patients 
Non-loaded cancellous bone fractures 8 patients 6 patients 
Others 3 patients 4 patients 

TOTAL 57 patients 62 patients 
COMPLICATIONS: 
Fracture dislocations 4 (7%) 1 (1.6%) 
Rod head dislocations 2 (3.5%) — 

COMPLICATIONS TOTAL 6 (10.5%) 1 (1.6%) 

[0041] Table 1 shoWs that With non-reinforced Polypin® 
rods, there Were more than a six-fold quantity of complica 
tions compared to clinical use of the self-reinforced Bio?x® 
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SR-PLA rods, having only one fracture dislocation (a severe 
fracture of radius head). Since the material used in both tests 
Was chemically the same and the rods had the same diameter 
(2 mm), it is obvious that the shear strength of the self 
reinforced Bio?x(® SR-PLA rods in accordance With the 
invention Was more than tWice as high (>100 MPa) as 
compared to the shear strength of Polypin® type material 
(about 50 MPa), Which makes the Bio?x® SR-PLA rods 
more suitable for clinical use. 

Example 3 

[0042] Bar With thickness of 3 mm Was manufactured of 
PDLLA polymer (L/D molecular ratio of 50/50), incl. vis 
cosity 5.2 dl/g, trade name Purasorb(® PLD, manufacturer 
PURAC Biochem, Holland) by melt processing With 
1-screW extruder, Which bar Was then cooled to room 
temperature. The bar Was draWn at a temperature of 60° C. 
to the draWing ratios of 3.3 and 5.5. The shear strengths of 
non-draWn and draWn bars Were measured (Table 2). 

TABLE 2 

Self-reinforcing of PDLLA polymer by drawing 

Drawing ratio Shear strength (MPa) 

1 50 1 1 
3.3 84 — 85 

5.5 96 1 4 

[0043] According to Table 2, the shear strength of the 
amorphous PDLLA increased almost to double When the 
material Was draWn to a draWing ratio 5 .5 . 

[0044] Non-draWn (non-reinforced) SR-PDLLA rods and 
corresponding draWn rods (self-reinforced) draWn to a draW 
ing ratio of 5.5 Were manufactured. The length of the rods 
Was 50 to 60 mm, and the diameter Was 4.5 mm. 

[0045] 20 adult rabbits Were killed and the right femora 
Were taken to biomechanical research. Holes of 4.5 mm 
Were drilled to the intramedullary canal from the intercondy 
lar area and the intramedullary canals Were expanded With a 
rasp to the diameter of 4.5 mm. Osteotomy Was made by a 
rotating diamond drill in the distal third of the diaphysis area 
in the femora. The osteotomy Was ?xated by using either a 
non-reinforced 4.5><(50-60) mm rod or a self-reinforced 
4.5><(50-60) mm rod as the intramedullary nail (FIG. 3). 
Bending rigidities of the sheared femora nailed With 
intramedullary nails Were measured by using a 3-point 
bending test. The femora having self-reinforced rods as 
intramedullaty nails had circa tWice as good bending rigidi 
ties compared to femora having non-reinforced rods. On the 
basis of these results it Was concluded that self-reinforced 
SR-PDLLA rods are more suitable for intramedullary nails 
of bone fractures than non-reinforced ones. 

Example 4 
[0046] SR-PLA rods in accordance With Example 2 Were 
manufactured (draWing ratio 5 .5, rod length 70 to 200 mm, 
diameter 2 mm), Which rods Were y-steriliZed (radiation 
dose=2.5 Mrad). 
[0047] The rods Were used as intramedullary nails for 
?xation of fractures of cortical area in radii of ten children 
(ages 2 to 7 years), by using “stack pinning” technique (tWo 
or more rods Were used for ?lling the intramedullary canal). 
After the nailing, a plaster immobilisation Was used for six 
Weeks. 
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[0048] All the ten fractures provided With intramedullary 
nails healed Well or in a satisfactory manner. 

Example 5 

[0049] According to Example 1, self-reinforced P(L/ 
DL)LA (70/30) rods (drawing ratio=5) having a thickness of 
2 mm, as Well as non-reinforced rods of the corresponding 
siZe, Were manufactured. 

[0050] The rods Were y-steriliZed (radiation dose=2.5 
Mrad) and hydrolyzed in phosphate buffer solution (pH 7.4) 
at 37° C. for 40 Weeks. After 20 Weeks of hydrolysis, the 
bending strength of the self-reinforced rods Was still the 
same as at the starting point (170110 MPa), Whereas the 
non-oriented rods had lost more than a half of their original 
strength (original bending strength 120 MPa, after 20 Weeks 
of hydrolysis: 55 MPa). 

[0051] The half-life of rigidity in said hydrolysis Was 32 
Weeks With self-reinforced rods and only 19 Weeks With 
non-reinforced rods. 

[0052] The above mentioned tests shoWed that self-rein 
forcing of the amorphous material makes it more durable 
against y-sterilisation than nonreinforced material, even to 
the extent that reinforced rods can be y-steriliZed for clinical 
use. This is a signi?cant advantage for the patients, since in 
the alternative ethylene-oxide sterilisation harmful residues 
of ethylene oxide may be left in the material. 

Example 6 

[0053] In accordance With Example 1, self-reinforced rods 
(diameter 2.5 mm, length 70 mm) Were manufactured of 
extruded P(L/DL)LA (70/30) billet (diameter 5 mm) by 
draWing to the draWing ratio 4 at a temperature of 60 to 90° 
C. Plates having a thickness of 0.5 mm (Width 10 mm, length 
70 mm) Were manufactured of draW-reinforced rods 
betWeen heated steel plates by compression molding at a 
temperature of 60 to 90° C. Non-reinforced plates of the 
corresponding siZe Were manufactured by extrusion 
(1-screW extruder) by using a ?at-foil die. 

[0054] The mechanical properties of the non-draWn and 
draW-reinforced and compressed plates Were examined by 
draW and shear tests at a room temperature. The effect of 
drill holes to the rigidity of the plates Was examined by 
drilling 6 holes (Q 2.0 mm) in a part of the plates. Table 3 
shoWs strength values of a plate draWn at 70° C. and 
compression molded at 90° C., as compared to a non 
reinforced plate. 

TABLE 3 

Self-reinforcing of P LIDL LA 70/30 plates 

Tensile Tensile Shear Shear 
strength strength strength strength 
intact holes intact holes 

P(L/DL)LA plate drilled plate drilled 
00/30) (Mpa) (Mpa) (Mpa) (MPa) 

non-reinforced 55 47 49 47 
reinforced 134 110 90 85 

[0055] According to Table 3, the drilling of holes deterio 
rated the tensile strength of the plates by 18%, but it did not 
have signi?cant effect on the shear strength. Even after the 
drilling of holes, the strengths of the self-reinforced plates 
Were 1.8 to 2.3 fold as compared to non-reinforced plates. 
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Example 7 

[0056] Self-reinforced (draWn) P(L/DL)LA (70/30) rods 
(length 35 mm) of Example 5 Were implanted in the mus 
cular tissue in the back of 20 adult rabbits. The rabbits Were 
divided into four groups and after they Were killed, biodeg 
radation of the self-reinforced rods Were examined under 
tissue conditions by histological methods after six months, 
one, tWo and three years from implantation. Six months after 
the implantation the shapes of the rods Were almost unal 
tered, although tWo rods Were broken into tWo or three 
pieces, presumably as an effect of muscular movement. One 
year after the implantation all the rods Were broken into 
pieces. TWo years after the implantation, the material Was 
almost entirely absorbed; only some occasional polymer 
particles could be found in the muscular tissue. Three years 
after the implantation the polymer Was entirely absorbed and 
disappeared from the tissues. 

[0057] To provide comparison material, a corresponding 
series of test Was carried out by implanting in the muscular 
tissue of the rabbits partially crystalline, self-reinforced 
poly-L-lactide rods (manufacturer of the material: PURAC 
Biochem, Holland, MW=250 000) Which Were manufactured 
by self-reinforcing technique (draWing technique) (accord 
ing to the method of the publication P. Tormala: “Biode 
gradable self-reinforced composite materials: manufactur 
ing, structure and mechanical properties, Clinical 
Materials”, 10 (1992), pp. 29-34). The thickness of the rods 
Was 2 mm and the length Was 35 mm. In histological 
research it Was noted that six months and one year after the 
implantation the rods Were still unaltered. TWo years after 
the implantation the rods Were broken into several pieces 
and partially disintegrated. Three years after the implanta 
tion there Were still a large quantity of disintegrated poly 
L-lactide material (debris) to be found in the muscular 
tissue. 

[0058] The present research proved that amorphous, self 
reinforced implants in accordance With the invention absorb 
in tissues considerably faster than corresponding, partially 
crystalline, self-reinforced materials. 

Example 8 

[0059] Oriented billet of diameter 1.1 mm Was manufac 
tured of P(L/D)LA (70/30) material by draW-reinforcing 
technique, by draWing a blank having a diameter of 2 mm 
sloWly through heated (T ~80° C. ) rollers in a manner 
shoWn in FIG. 4a. As shoWn in FIG., 4b, the surfaces of the 
rollers comprised grooves, Which together formed a channel 
of 1.1 mm diameter betWeen the rollers. 

[0060] Prostate stents (spirals) according to FIG. 5 Were 
manufactured of draWn billet in accordance With technique 
presented in publication WO .90/04982, to be used to 
eliminate urethral retention in the prostate area, after laser 
treatment for benign prostatic hyperplasia. Lengths of the 
cylindrical part of the stents Were 55, 65, and 75 mm and the 
total lengths Were about 80 to 100 mm. 

[0061] A stent according to the invention Was inserted in 
ten patients after laser treatment (VLAP-laserprostatectomy) 
for prostatic hyperplasia, according to the publication M. 
Talja et al.: “Biodegradable SR-PGA-urospiral in prevention 
of postoperative urinary retention after VLAP-laser pros 
tatectomy”, J Urol. (in press). 

[0062] When using a prostate spiral according to the 
invention, there Was no deteriorating of urine-?ow velocity 
to been seen in the patients during the healing; the folloW-up 
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term Was 12 months. The prostate spirals absorbed and left 
the urethra in a period of 3 to 9 months (found on the basis 
of endoscopical research). 
[0063] According to the above mentioned publication M. 
Talja et al., When self-reinforced, partially crystalline polyg 
lycolide (SR-PGA) prostate spirals Were used as post 
treatment of laser treatment for benign prostatic hyperplasia, 
in ten patients out of 22 deteriorated urine-?oW velocity 
occurred temporarily about three Weeks after the insertion of 
the spiral. This Was presumably due to the absorbing of the 
spiral three to four Weeks after the implantation. 

[0064] This comparative clinical research shoWed that the 
SR-PLA spirals in accordance With the invention provided 
better treatment results in post-laser treatment for benign 
prostatic hyperplasia than prior art, partially crystalline, 
self-reinforced spirals. 

Example 9 

[0065] According to Example 1, self-reinforced P(L/ 
DL)LA (70/30) rods having a thickness of 2 mm (draWing 
ratio=5), as Well as non-reinforced rods of the corresponding 
siZe Were manufactured. The lengths of the rods Were 20 
Mm. Both in self-reinforced and non-reinforced rods Was 
made, by turning at one end for the length of 10 mm, a screW 
thread, having the minimum diameter of 1.5 mm, the maXi 
mum diameter of 1.8 mm and the distance of 0.8 mm 
betWeen the peaks of the threads. The threaded rods Were 
sharpened at their tops. 

[0066] 10 mm deep holes Were drilled in the distal part of 
a coW femur in the cancellous bone area by using a 1,1 mm 
bone drill. Holes Were threaded With a tapping device, 
having the same pro?le as the above mentioned, threaded 
rod parts. The threaded rods Were screWed in the holes, made 
in the bones and having a thread pro?le, by ?Xating the rods 
at their smooth part in the socket of the drilling machine and 
by screWing the screW thread parts of the rods into the holes. 
DraW-out force of both self-reinforced and non-reinforced 
threaded rods Were measured by ?Xating the socket of the 
drilling machine to a mechanical testing device and by 
draWing the threaded rod out of the bone. A relative draW 
out force Was determined to the self-reinforced rods in a 
folloWing manner: 

Relative draw-out force : 

Draw-out force of the self-reinforced rod (N) 

Draw-out force of the non-reinforced rod (N) 

[0067] By measuring the draW-out forces to ?ve self 
reinforced and ?ve non-reinforced threaded rods, an average 
of 1.4 Was obtained for the relative draW-out force of 
self-reinforced, threaded rods. A screW-threaded rod of 
self-reinforced material implanted in the bone Was thus 
signi?cantly better compared to an implant of non-rein 
forced material. 

What is claimed is: 
1. A material that resorbs after implantation into a 

patient’s tissue comprising a resorbable, thermoplastic poly 
mer, copolymer or polymer alloy, said material having an 
amorphous region that is mechanically modi?ed to provide 
a molecularly oriented, reinforced structure. 
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2. The material as set forth in claim 1, Wherein the 
amorphous region of the material is mechanically modi?ed 
uni-axially, by draWing. 

3. The material as set forth in claim 1, Wherein the 
amorphous region of the material is mechanically modi?ed 
bi-aXially, by draWing. 

4. The material as set forth in claim 1, Wherein the 
amorphous region of the material is mechanically modi?ed 
by rolling, compression shear transformation, combined 
With draWing or performed separately. 

5. A surgical implant formed from the material of claim 1, 
said implant having a longitudinal aXis, Wherein the molecu 
lar orientation of the amorphous region is parallel With said 
longitudinal aXis. 

6. A surgical implant manufactured from the material of 
claim 1, said implant having a shear strength greater than 60 
MPa. 

7. A surgical implant manufactured from the material of 
claim 1, said implant having a bending strength greater than 
130 MPa. 

8. The material as set forth in claim 1, Wherein said 
material is poly-L/DL-lactide. 

9. A method for manufacturing the material of claim 1, 
comprising the steps of: 

selecting a starting composition from a group of resorb 
able, thermoplastic polymers, copolymers polymer 
alloys having an amorphous region, and 

mechanically modifying the starting composition to 
molecularly orient and reinforce the amorphous region, 
yielding the molecularly oriented, reinforced material 
of claim 1. 

10. The method as set forth in claim 9, further comprising 
the step of: 

forming the material into a surgical implant having a 
longitudinal aXis, Wherein the molecular orientation of 
the material is substantially parallel to the longitudinal 
aXis of the implant. 

11. The method as set forth in claim 9, Wherein said 
starting composition is mechanically modi?ed uni-axially or 
bi-aXially. 

12. The method as set forth in claim 9, further comprising 
the step of: 

forming the material into a surgical implant having a 
longitudinal aXis, Wherein the molecular orientation of 
the material is substantially tWisted, threaded or spiral 
in relation to the longitudinal aXis of the implant. 

13. A surgical implant formed from the material of claim 
1, said implant having a longitudinal aXis, Wherein the 
molecular orientation of the amorphous region is tWisted, 
threaded or spiral in relation to said longitudinal aXis of the 
implant. 

14. The material as set forth in claim 1, Wherein said 
material is an amorphous copolymer of lactide and gly 
colide. 

15. The material of claim 14, Wherein said material is 
formed into a rod, screW, pin, hook, nail, plate, bolt, suture 
anchor, foils, Wire, tube, stent or spiral for use as a resorb 
able, surgical implant in a patient. 

16. The material of claim 8, Wherein said material is 
formed into a rod, screW, pin, hook, nail, plate, bolt, suture 
anchor, foils, Wire, tube, stent or spiral for use as a resorb 
able, surgical implant in a patient. 

* * * * * 


