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of biodegradable fixating miniplates for veterinary 

composite fixation system can be a good alternative 

removal operation needed after the bone is recovered. 

healing process is much easier and more precise due 

-

ter mechanical and practical properties (compared to 

applied to fabricate a six-hole I-shaped miniplates. 

-

ped to copy a contour of a miniplate. Then a “loop” 

 

mould under a high pressure filling it and covering 

reinforcing phase. For mechanical testing of fabri-

-

The performed research demonstrated that the 
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-

turowych od lat stanowi wyzwanie dla lekarzy weterynarii. 

-

 

 

ocena radiologiczna procesu gojenia [4,5]. Przy stosowaniu 

-

-

 

Zastosowanie czystego polimeru resorbowalnego, ze 

-

 

-

-

-

-

oraz drutu magnezowego. Dodatkowym atutem wybranych 

 

-

o takiej samej geometrii z czystego, niewzmacnianego poli-
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Treatment of forearm bone fractures in toy breed dogs 

of radial bone distal epiphysis) as well as the related limi-

tations in terms of the available bone implant variants [1].  

In this respect, an alternative could be provided by using bioab-

sorbable bone stabilization plates of the type already success-

fully employed in maxillofacial surgery and orthopaedics [2,3].  

Their most important advantages in the context of small 

osteopenia during the bone healing process, no necessity 

of implant removal, as well as a better, when compared to 

metallic implants, ability to evaluate the healing process ra-

diologically [4,5]. Due to the increased load on the forelimb, 

which in most animals is normally subjected to higher loads 

than the hind-limb, it was necessary to apply additional 

immobilising dressing [6,7]. An implant made of pure biode-

gradable, because of its rather low mechanical properties, 

can be applied only under certain conditions. Such implant 

keeps pieces of broken bone in position only, but it does not 

bear the load. For this purpose an external stabilization is 

needed. When toy breed dogs are taken under considera-

tion, particularly their bones diameters, application of hybrid 

at all. What can be done to solve this problem? One of the 

possible ways is making an implant more durable, so it can 

bear higher loads and can be applied without an external sta-

bilizer. In this research the authors proposed strengthening of 

injection moulding technology, four distinct bioresorbable 

materials with medical application approval were chosen as 

magnesium wire. For comparative purposes samples with the 

same geometry made of pure polymer (PLA) and samples 

reinforced with surgical steel wire were prepared and tested.

-

-
3) (FIGs. 1 and 2). The groundmass 

of resorbable polylactide Ingeo 3251D produced by Nature 

-

 

 

Hannover, Germany). 

(FIG. 2a). Fibre bundles were shaped analogically, after im-

placed inside the injection mould, which was then locked and 

as a reference.



32 Przed wtryskiem druty doginano do kon-

-

 

-

no uplastycznionym polimerem (wtrysk). 

oraz z czystego PLA. 

testy przeprowadzono na ograniczonej 

-

ca w postaci jednoosiowo zorientowanych 

-

 

-

 

-

 

-

 

Conducted research is preliminary, that is why small 

number of samples was used. Fibre reinforcing phase gives 

the best strengthening effect when tensile stress is parallel 

samples in uniaxial tensile conditions.

 Special setups imitating the conditions of osteosyn-

thesis were prepared to assess practical applicability of 

the obtained plates (FIG. 3). The plates were attached to 

wooden rods of 10 mm in diameter with the use of six 2 mm 

samples were incubated for six weeks in distilled water 

37°C, and after this period of time they were mechanically 

tested). Samples were tested under uniaxial tensile stress at 

of the plates was measured.

 

a)

b)

a) b)



33

-

malny okres dla uzyskania pierwotnego zrostu kostnego [8].  

-

-

 

 

-

-

 

wraz z odchyleniem standardowym.

-

-

-

 

 

-

-

-

-

 

-

 

-

 

-

The plates were incubated in distilled water at 37°C over 

a period of 6 weeks. During incubation, measurements of 

 

incubation, the mechanical characteristics of the analysed 

Analysing the mechanical characteristics of the obtained 

plates (TABLE 1), it was demonstrated that each of the 

introduced modifying phases improved the strength of the 

polymer. The highest increase in terms of strength, when 

obtained are congruent with a cortical bone tensile strength. 

When plates are reinforced with metallic wire, the key 

issue is the border between the phases wire-polymer. There 

and PLA matrix whereas good adhesion between magne-

sium wire and PLA matrix was observed. Very good adhe-

eventual rupture was the same as in the case of pure PLA.  

The line of brittle rupture was always perpendicular to the 

axis of the tensile force and located on both sides of the 

centre-most (nearest to the bone fracture) screw-hole. When 

-

ing the occurrence of brittle fractures were present, including 

 

A clear line of division, similar to a somewhat elongated let-

ter Z, comprised three sections. It started with a unilateral, 

transverse fracture at the centre-most screw-hole, then  

it propagated along the long axis of the sample towards the 

next hole, where it changed direction once again to become 

transverse and ended with a unilateral fracture on the oppo-

-

 

of the plate in reference to the applied force. As a result more 

favourable distribution of stress and strain can be obtained 

due to the fact that the load is conveyed to all six screws. 

Material
Tensile strength [MPa]

80 ± 6

70 ± 9

58 ± 8

53 ± 8

PLA 44 ± 14

Cortical bone [9]
50-180
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-

 

-

szej dobie odczyn medium ulega zmianie na zasadowy  

-

coraz mniejsze (RYS. 6). Mimo dobrej adhezji na granicy 

The six week water incubation of polymer plates rein-

-

tivity of the medium (FIGs. 5 and 6). Initially, for materials 

observed, but after the subsequent liquid replacements its 

values remained at the level of pure water. In the case of 

24 hours the medium became alkaline and, despite water 

replacement, remained at pH ~10 throughout the experi-

ment. As for the conductivity, the changes lessened in time 

as incubation progressed (FIG. 6). Despite good adhesion, 

the border between the magnesium wire and the polymer 

-

ter environment and was susceptible to fast degradation.  

The initiated resorption of magnesium wiring can be poten-

tially harmful to the surrounding tissue.
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-

 

-

medium i przyspieszeniem degradacji polimeru.

-

 

-

 

 

 

-

-

environment. For all analysed materials, a mass increase 

was observed (FIG. 7) related primarily to the process 

of incorporating water into the structure of the polymer.  

The effect was most apparent in the case of polymer modi-

-

ence of more numerous boundaries between the phases of 

medium and degradation of the polymer.

Degradation of the plates is also evidenced by changes 

for primary bone union to take place) the mechanical char-

acteristics of the plates deteriorated to a varying degree, 

depending on the material combination (FIG. 8). The most 

magnesium wire. The degrading wire became brittle as 

well as the polymer and ruptured at relatively low loads. 

Moreover, as it reduced the amount of polymer present  

in the transverse section, it actually weakened the compos-

ite material. The plate, similarly to pure polymer, ruptured  

incubation in distilled water, have rather low tensile strength. 

samples were tested for comparison purposes only not for 

potential medical application. Steel wire, after the polymer 

is completely resorbed, remains in the body and needs  

to be removed. Because of the necessity of the reoperation 

such composite implant can not be considered as a fully 

research. The best results were obtained for carbon and 
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1. Zaproponowane kompozycje polimer-faza wzmac-

-

-

parametry mechaniczne uzyskano w przypadku zastoso-

-

-

-

-

 

1. The proposed polymer-phase compositions may offer 

interesting solutions in the treatment small bones fractures, 

particularly in small animals. With their superior stress-strain 

characteristic and better mechanical parameters, they may 

offer a viable alternative to pure polymer plates. 

2. Among the tested materials, decidedly better me-

chanical parameters were observed for phases reinforced 

stress and strain around the screw-holes and the resulting 

improvement of load distribution during axial tensile tests.

composite with a certain degree of elasticity. Despite cracks 

in the groundmass the distal parts of the plates were not 

completely separated. 

4. The subsequent stage of the research ought to pertain 

to establishing the optimum fractions of the reinforcement 

phases, optimising the method of plate production, verify-

ing the biocompatibility of the studied materials and widen 

range of mechanical testing (eg. 3pts. bending and torsion). 
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