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The article presents the mechanical properties  

of prototype multifunctional four-hole, I-shaped plate 

made of resorbable composite and used for osteo-

-

-to-use implants and run in simulated real-working 

-

structed for the sake of this research. The model of the 

osteosynthesis consisted of two rectangular pieces of 

plexiglas joined together by means of the tested plate. 

Durability of the physical model was mechanically as-

sessed in static uniaxial tensile, three-point bending, 

one-side bending tests.

and two types of composites based on these polymers 

were considered. The composites were modified with 

a combination of two types of bioceramic: micrometric 

tricalcium phosphate and nanometric hydroxyapatite. 

The relation between the geometry of the plate and 

its mechanical characteristics was also investigated 

for all the tested materials.

The test results proved that incorporation of 

bioceramic modifiers into the polylactide matrix 

influences the mechanical behaviour of the tested 

 

The mechanical parameters were also dependent on 

 

Better results were obtained for the plates with  

a stiffening rib located on the upper side of the plate. 

that in such a case the crack line moved away from 

the critical cross section, making such a plate more 

reliable.

The best parameters were achieved for the three-

rib on the upper side. They can be potentially applied 

for osteosynthesis of the bones submitted with rather 

low loads, e.g. craniofacial bones, metacarpal bones 

-

ster cast) is recommended as an additional support  

and prevention.
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One of the main surgical techniques to treat bone frac-

 

permanent [1]. In most cases the implants are made of met-

als and alloys, e.g. surgical stainless steel or titanium [2,3].  

The drawback of metal implants is the necessity of another 

surgery. Namely, after the healing process of a broken bone 

is completed, it is necessary to remove the implant because 

it may cause swelling, irritation or potentially dangerous 

corrosion [4-9]. 

it should be highly biocompatible and adequate to the place 

where it is located. The implant should be also mechanically 

bone, which is not advantageous in this case. The effect 

stimulated and the healing processes is obstructed [10]. 

This is the reason why scientists are trying to elaborate 

new materials for bone healing applications. There is a big 

group of resorbable polymers, e.g. PLA, PGLA, PLDL, PGA, 

whose mechanical parameters can change during degrada-

When a resorbable plate is used, no additional surgery for 

the implant removal is needed [11-13].

Fabrication of bone plates using resorbable polymers 

offers other important advantages, too. Firstly, it is quite 

easy to modify their parameters by composite preparation 

[14-17]. Moreover, the injection moulding method can be 

applied, making the large and cost-effective mass produc-

tion possible.

The article presents the research results on multifunc-

calcium phosphates dedicated for osteosynthesis. Such 

implants are supposed to replace commonly used old-

fashioned metal ones. Our research assessed the potential 
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Material

Temperatura / Temperature 
[ºC]

[kg/cm2]
Flow
[%]

Injection time
[s]

Cooling time  
[s]

Strefa 1 Strefa 2 Strefa 3

PLA 160 165 168 80 60 5 10

PLA/TCP/HAp 165 170 175 80 60 5 15

PL38 215 210 210 80 60 5 10

PL38/TCP/HAp 200 185 185 80 60 5 10

The composite consisted of the two types of polymer 

matrix: medical grade poly(L-lactide) PL38 Purasorb 

(Purac) and poly(L-lactide) PLLA Ingeo 3251D (Nature 

Works) not approved by FDA. A mixture of two calcium 

phosphate powders was used as a modifying phase. 

and nanometric hydroxyapatite (Chema Elektromet) with 

medical application approval were incorporated into the 

two types of matrix. 

For the studies four kinds of materials were prepared: 

poly(L-lactide) (PLA),  medical grade poly(L-lactide) (PL38), 

and compositions based on both types of polymer matrix 

- PLA/TCP/HAp and PL38/TCP/HAp. Each material was 

formed in two geometrical shapes of the plates (FIG. 1), 

thus obtaining eight variants to be tested.

The injection moulding machine Multiplas V4-S-15N 

with the vertical screw plastifying unit was used to fabricate 

the plates. Granulates and ceramic powders were dried in  

a laboratory incubator (37°C/24 h). The components of the 

composite were weighed using the analytical scale ±0.001 g;  

RADVAG-PS 360/C/2. The proper amounts were mixed by 

shaking and the mixture was inserted into the feed hopper 

-

perature of about 200°C. Next it was injected into the mould 

(the technological parameters presented in TABLE 1). The 

material was cooled for 10 s before opening the mould.

 

b)

a)
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2 mm/min.

a) b) c)

four holes. Their measurements were as follows: length 

– 29 mm, width – 7 mm, height – 2 mm. The diameter 

of the holes was 3 mm and they were conical in shape.  

The two geometrical shapes of the plates were fabricated 

from each material: the N type with a stiffening rib on the 

bottom surface (closer to the bone), and the R type with 

a stiffening rib on the upper side. The difference between 

N and R types is shown in FIG. 1. There were four holes 

in each plate which were used to screw the implant to  

the bone.

The tests were conducted so as to simulate the real 

working-conditions of the implant, thus a special model 

of osteosynthesis was prepared. Two blocks of Plexiglas 

(PMMA) measuring 50 mm x 25 mm x 8 mm were cut. 

The plates were mounted on the blocks using stainless 

steel screws with nuts (M2.5 A4-70). The gap between 

the PMMA blocks simulating a bone fracture measured 

1.5 mm in width.

Such models were tested in standard mechanical 

tests: uniaxial static tension (FIG. 2a), three-point bending 

(FIG. 2b) and one-side bending (FIG. 2c).

Fmax), tensile 

strength (Rm), three-point bending and one-side bending 

strength (R ).

All the models were tested using universal testing 

temperature, maximum force ±500 N. The applied soft-

ware was TestXpert v8.1. The testing procedures were 

conducted in compliance with the standards: for uniaxial  

tension 

PN-EN ISO 178:2010(E), for one-side bending PN-EN 



26 -

b

d a 

-

m
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Since the tested plates were endowed with irregular 

shapes, different from the normative ones (paddle or bar-

assumed: for the thickness of the plate - b, for the width of 

the plate - the width d minus the diameter of the mounting 

hole a (FIG. 3).

from uniaxial tensile tests conducted on all the variants of 

the plates (FIG. 4). The average values of tensile strength 

Rm

Fmax were calculated. The diagrams were constructed on 

the basis of the results (FIG. 5).
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m Fmax = 1,07 ±0,22 mm;  

typ N: Rm Fmax = 1,47 ±0,23 mm).  

-

-

 

PLA do 1,58 ±0,23 mm dla PLA/TCP/HAp).

 

-

-

 

-

-

The pure medical range polymer PL38 revealed the high-

est value of the strength (R type: 65.59 ±5.01 MPa; N type: 

55.59 ±2.16 MPa) and the highest range of plastic deforma-

tion (R type 1.9 ±0.11 mm; N type: 1.29 ±0.18 mm). The 

those parameters (R type: Rm Fmax = 1.07 

±0.22 mm; N type: 36.39 ±1.05 MPa, 1.47 ±0.23 mm). For 

the technical polymer PLA the reverse relation was observed. 

 The PLA/TCP/HAp composite had a higher value of tensile 

strength (R type: 47.74 ±3.03 MPa, N type: 45.51 ± 2.2 MPa) 

than the pure polymer PLA (R type: 38.53 ±1.64 MPa, N type: 

45.83 ±1.62 MPa). The range of the plastic deformation 

also slightly increased. Namely, for the R type it was 1.30  

-

tion it changed to 1.39 ±0.4 mm. In turn, for the N type the 

value of the plastic deformation was 1.53 ±0.05 mm for pure 

PLA, whereas for the TCP/HAp variant it was 1.58 ±0.23 mm.

-

ence on the strength parameters. It appeared that better 

results were achieved for the plates with a stiffening rib in the 

upper surface (R type). Such a phenomenon is connected 

with the value of the cross section surface area which is 10% 

higher for the R type as compared to the N type. 

All the tested materials proved to be compatible with bone 

tissue as far as their mechanical properties are concerned. 

plates (R type: 10.28 ±0.26 GPa; N type: 11.0 ±0.51 GPa)  

reduction in the stress shielding effect. The tensile strength val-

ue - lower than the real bone - does not exclude the plates from 
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Three-point bending test was conducted in order to 

plates. All the geometrical and material variants of the 

plates were examined.

The model osteosynthesis underwent the three-point 

bending test (FIG. 6). The distance between the supporting 

points measured 50 mm. The axis of the bending punch 

was exactly in the middle of the plate’s length. The speed 

of the punch was 2 mm/min.

The representative strain-stress characteristics are 

presented in FIG. 6. The average values of maximum 

bending force Fmax Fmax 

In general, the incorporation of the bioceramic modi-

strength and plasticity. The best results were obtained for 

the PL38/TCP/HAp R type plate. Its three-point bending 

strength was 143.29 ±10.49 MPa – the value similar to 

slightly higher than the one of the bone, but still within the 

acceptable range.

In FIG. 9 the examples of the damaged plates are 

presented. In both geometrical cases (R and N types) 

None of the damaged samples broke apart. The different 

range of the deformation angle, wider for the PL38/TCP/

HAp plate is visible (FIG. 8).
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Taking into consideration the spot of the crack, it was 

revealed that the position of a stiffening rib was essential, 

regardless of the material. In the N type plates the crack 

propagated through the critical cross section (through the 

hole) (FIG. 9a), whereas in the R type the crack occurred 

in the middle of the plate (FIG. 9b). The process of the 

plate fracture does not depend on the type of plate ma-

 

type of the material.
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bending test was conducted. During the test only one half 

was loaded to establish the safe range of the bending force 

without damaging the plate. All the variants of the plates 

were tested and the summary of the results is presented 

in FIG. 10. The average values of all the calculated param-

eters are shown in the diagrams (FIG. 11).

The deformation curves of the plates obtained in the one-

side and three-point bending tests showed similar charac-

teristics. The incorporation of the modifying phase and the 

differences in the geometry of the samples also revealed 

analogical effects. The only deviation observed was in the 

obtained value was much higher than the one from the three-

point bending test. A possible reason for such a phenome-

non might be connected with the length of the bending arm.  

-

plied (including all four holes) and the length of the bend-

ing arm measured 25 mm. For the one-side bending test 

the load was applied to the loose segment of the plate  

(FIG. 10). During the deformation the punch could slip down 

the plate, that is why the bending arm length changed from 

13 mm to 16 mm. 
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The conducted tests and analysis of the results revealed 

-

ramics caused its tensile strength decrease, although at the 

medical grade polylactide PL38 underwent the decrease in 

Moreover, the geometry of the plate proved to be a key 

factor. More promising results were obtained for the plates 

with a stiffening rib on the upper side (R type). Such plates 

were three times more durable than the plates with a rib on 

the bottom side (N type). The location of a stiffening rib also 

the three-point bending test. Here the better results were 

also obtained for the R type plates, as the crack appeared 

always in the middle of the plate, but not in the critical cross 

section. 

In comparison to the literature data concerning the me-

chanical characteristics of cortical bone (tensile strength 80-

osteosynthesis, mainly in the areas exposed to low loads, 

e.g. the craniofacial bones, metacarpal bones or phalanges. 

A certain range of elasticity of the plate allows micro-

movements of the bone fragments hence stresses are 

distributed on the healing bone and stress shielding effect 

is annihilated. Although active ceramics incorporated into 

the polylactide matrix slightly lower its mechanical proper-

ties, they are also released on the site of the recovery.  
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ments, they facilitate the healing process and regeneration 

of the bone tissue. 

The formability and the possibility of the composite fab-

rication is an additional advantage of injection moulding. 

repeatability, precision, high level of the homogeneity of 

plates with irregular shapes. When the injection moulding 

technique is applied, the ready-to-use implant is obtained. 

makes the mass production economical. Taking into account 

all the above, it may be claimed that multifunctional resorb-

able composite plates may easily compete with commonly 

used metal implants.

-

mentation of the production technology of innovative bone 
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