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ABSTRACT

The development of materials and devices to replace or restore damaged tissue functions has a prominent
position in the scientific community, promoting the interest for metal-free alternatives, like composites.
These proved to be a promising option as, besides new matrix and reinforcement combinations, new
manufacturing methods tend to fulfil tailored requirements of the medical field. In this sense, we
manufactured glass fiber/polyurethane composite plates for Osteosynthesis. Models based on commer-
cial LCP implants were 3D printed and used to generated molds through a new adapted resin casting
process. Additional mechanical tests showed that reinforcement additions between 10 wt% and 25 wt%
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caused an increase in the bending structural stiffness by 126%-165% when compared to pure polymer
implants. In addition, if the number of holes is increased, from 4 to 6, the maximum stress reduces by 40%.
The manufacturing process was an effective alternative as it presented low cost, high customization and
allowed the development of complex geometries, resin injection and degassing.

1. Introduction

The human quality of life has been changing due to the constant
technological advances, resulting on an increased life expectancy
of the world population.! = Therefore, age-related diseases rates
also raised, including the ones associated with bone structure,
such as osteoporosis, osteoarthrosis and loss of bone mass.!*”!
Furthermore, the occurrence of bone tissue trauma caused by
accidents'® and the lack of care or hygiene (for example, tooth
loss) can also affect young individuals in their more productive
phase, causing a relevant socioeconomic impact.”~!

Opver the past century, materials and devices have been devel-
oped to successfully replace or restore the functions of diseased
or damaged tissues.'”! Metals have been chosen since the 60’s as
the main material used in the manufacture of implants such as
fracture plates.!"!) However, metallic devices can cause stress
shielding, a phenomenon caused by the much higher strength
and stiffness of the material when compared with bones. In
addition, its cost is considered high in many countries that
reusing of old plates has already been studied as an economic
alternative. For instance, researches carried out in 2002, from the
United States Food and Drug Administration (FDA), showed
that reusing single-use devices could lead to cost savings, to the
patient, of approximately 30%.!">"3 Thus, alternative materials
that present mechanical properties closer to the human bone and
are biocompatible have been researched.!'*"!”)

Composites are a great alternative as they have wide tailored
characteristics, obtained from the combination of two or more
materials taking advantage of desired features from each
one.'¥! Thereby, the development of fiber-reinforced compo-
sites (FRC) has created a new perspective in the metal-free

medical field and led the development of new production
methods; with improvements in aesthetic mechanical, biologi-
cal and adhesive properties.!>2!

Among synthetic reinforcements, glass fibers are the most
widespread option, as it is an amorphous material with easy
and low-cost processing.2!??!

Concerning the matrix, some polymeric options as polyur-
ethane (PU) are biocompatible, nontoxic, have excellent struc-
tural properties, good adhesion power, and are low cost.[>**]
PU is a thermoset polymer that has large applications in the
health field, especially in orthopedics as bone substitute and it
is fully compatible with living organisms, with no rejection.
Still, biocalcification and osteointegration of polyurethane
prothesis were reported.'*>?®! Despite the advantages of these
materials using, few studies have reported about composite
bone plate manufacturing.'*”’

To carry out the composites manufacturing, there are sev-
eral processes. However, part of them are not applicable for
unidirectional fibers or are slow and not able to reproduce
complex geometries.[*2°)

Most of the authors who studied composite bone plates
used hot processing with metallic molds, such as heat-
compressing, more suitable for thermoplastic or for semi-
cured thermoset molding compounds.*® Examples are the
researches done by: Fujiahara et al (2001), with braid carbon/
PEEK (Polyetheretherketone)[31]; by Kabiri et al (2020), who
worked with glass fibers/polypropylene®?; and by PARK
et al 2012, that also used a glass/PP (polypropylene)
composite.**! However, this technique is considered com-
plex because the pressure, temperature and curing time
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should be precisely applied for each composite material. If
the pressure used is extremely high fibers breakage can occur;
on the other hand, pressure lower than an ideal value
(defined for each material) may generate poor interface adhe-
sion. High temperatures can change the material final prop-
erties and cause poor mechanical results, still, if the
temperature is below the requirement, the fiber will not be
impregnated due to the higher viscosity of the matrix, since
in polymers when the working temperature reduces, usually,
the viscosity increases.**?!

Arumugam et al (2020), made a plane prosthesis of epoxy
reinforced with hybrid glass fibers/sisal using the hand layup
technique. Their implants were cut from a plane sheet and did
not have the under-surface contours, which are recommended
to this application.®®! Also, the process was only suitable for
stacking fabrics and did not allow changes or high control of
the composite thickness.'?*!

Hence, this work manufactured plates for Osteosynthesis
(bone plates), based on PU reinforced with unidirectional
E-type roving glass fibers (E-glass). The new manufacturing
process was a resin casting adaptation that presented high
flexibility as it was suitable for thermoset polymeric matrix
and allowed changes before and during the manufacturing,
due to quick model’s changes based on 3D parameterized
geometries, fiber amount increase and the drilling of holes
according to each clinical scenario. Additionally, the process
was low-cost and simple, because the adapted gravity casting
does not need high-pressure inputs, metallic molds or heating
systems. Lastly, it was able to replicate complex geometries
using 3D printing to create silicone molds.

Along with that, four-point bending tests were conducted to
evaluate if the mechanical properties, such as the stiffness, were
similar to those presented by the bones, which would avoiding
stress shielding and validate the process.

2. Materials and methods
2.1. Geometry and master pattern generation

The Locking Compressive Plates (LCP) geometry was chosen
as it is considered one of the most advanced models of plates
for Osteosynthesis, due to its recent development and great
treatment flexibility, whenever opted by the surgeon®”! After
1995, researches about this model increased and has been
a clinical success, drawing the attention of a large number of
manufacturers.*®!

The relation for the length of LCP plates in respect to the
number of holes (n), the distance between holes (A), and the
distance from the outermost hole to the end of the plate was
taken through observations of commercial catalogs, osteo-
synthesis and fracture manuals.*®) This relation can be
expressed by:

L=(n-1)xA+2xB (1)

For a 4.5 mm thick and 12.5 mm wide plate, A is equal to 18
mm, and B is 13 mm.

These relations were used to generate 3D Models for an
external part (envelope) using SolidWorks® 2019 software, to
speed up any future modifications.

The model designed could bear up to 6 screws. Likewise,
implants without holes were produced, giving another degree
of freedom for the surgeon: rather than opt for a cortical or
locking screw hole, with pre-defined positions, when using
a composite implant, it is possible to drill holes in the position
desired, that enables better fracture stabilization, according to
each clinical case.

Additionally, an inner part (core), was modeled, in which,
the fibers were pre-impregnated before being taken to the final
mold. Figure 1 represent the 3D models for LCP, modified
straight LCP plates and this inner part.

2.2. Mold manufacturing

Using a gravity casting process, showed on Fig. 2, two bipartite
molds were created for the core region and the final plates. The
first 2-part mold, for internal regions can create up to 3 parts at
each molding process and have ducts to resin admittance and
air outlet. In these channels, a piston was used to inject the
polymer and a vacuum pump was coupled to help on the liquid
flow and degas process. Moreover, positioners were made to
avoid any movement between the mold sides.

Regions were created inside the mold to hold the fiber and
lock the roving ends, ensuring right alignment of the fiber
Besides that, spacers were generated to facilitate the alignment
of the core inside the final plate mold.

The second mold, for final plates, was simpler, it could
create only one plate per casting and had assembled pieces to
create the inlet and outlet ducts.

Silicone rubber was selected to manufacture the molds,
being one material broadly used due to its capability to repli-
cate complex geometries and achieve nanometer surface finish-
ing. Furthermore, to produce the master pattern, 3D printing
methods were used as they can ensure fine resolution, reaching
micrometer scales.!*"!

All master patterns were 3D printed with PLA 0.06 mm
resolution by fused deposition modeling (FDM) using
a Ultimaker©3 machine. After that, the printed pieces were
positioned inside a delimited box before the elastomer pour.

The elastomer used (AE SA 13 INC) was an addition sili-
cone, bicomponent, with a mixing ratio equal to 1:1 (base to
curing agent), distributed by “Atelier do Escultor”. It was
degassed on a vacuum chamber before the stirring process,
which was done manually until it reached complete homoge-
neity. Following that, a second degas was done for 10 minutes.

Subsequently, the liquid was poured into the delimited box
and the curing process was performed for 4 hours at room
temperature.

Then, the master pattern was removed. For the final plate
matrix, it was necessary to disassemble the pieces and create
a little incision to remove it.

2.3. Material resin casting

The material resin casting technique was adapted and divided
into two steps. First, an inner part, with oriented fiber, was
made. After, the inner piece was positioned inside of another
mold to complete the implants’ geometry by adding more
polyurethane.
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Figure 1. 3D models for 4.5mm 6 holes plates: (a) Original LCP based on commercial dimensions. (b) Modified LCP without holes with a section showing the internal part

(c) Inner core.

Firstly, the unidirectional, E-type, roving glass fibers
(E-glass) or the inner part was inserted and positioned inside
the mold and closed. Six, nine or fourteen roving portions were
positioned. Any of these pieces had 0.18 grams, resulting in final
plates with 10-11.5 grams. Due to the variation of the number
of roving portions in each sample, the fiber mass fractions in the
final plates were around 10, 15 and 25 wt%, respectively.

The polyurethane was the SikaForce 7710L100 bicompo-
nent, mixed in a 100:19 mass ratio. After mixing, a degas was
carried out, then the resin was heated at 50°C for 5 minutes to
reduce its viscosity.

The matrix was poured into the inlet duct and a vacuum
pump was connected into the outlet channel. Intermittent
vacuum degassing reduced the bubbles generated by the pour-
ing. The curing process took 2 hours and 30 minutes inside
a 50°C heating chamber.

Since the generated implants had enough size to 6 screw
positioning at maximum, two groups were drilled with a 4.5
mm diameter drill bit: one with 6 holes and another with 4
spaces for screw insertions near the crack gap and on the distal
fracture positions. Some of the samples made by the presented
methodology are shown in Fig. 3.

2.4. Bending test

The 4-points bending properties for the 6 samples sets were
evaluated in a Shimadzu® Autograph AGS-X 10KN universal
testing machine. Each group had at least 5 specimens with the
fiber mass fraction and hole number as presented in Table 1.
An average fiber fraction (15 wt%) was selected to evaluate the
holes drilling effect on the final mechanical response and
samples were named according to the amount of fiber used

(0%F, 10%GF, 15%F and 25%F) and the number of drilled
holes (0H, 4H or 6 H). For instance, 15%F6 H means this
sample has 15%wt of glass fiber and 6 holes.

All the test procedures were based on ISO 9585
standards.*" The distance between upper load rollers (k) was
36 mm and the space between an upper roller and the nearest
support roller (h) was 18 mm, as shown in Fig. 4. Constant
displacement of 1 mm/min downward and a IN pre-load were
applied.

Using the data collected for load and displacement, the bend-
ing moment (M), in Nm, was calculated as the moment necessary
to produce an offset displacement of 0.2% in the plate and is
presented in Eq. 2. “P” represents the load reached at the proof
point.

M = (Ph)/2[Nm] )

After determining the slope of the initial point of the curve
load versus displacement (S), also referred to as bending stift-
ness, the bending structural stiffness (Ele) was obtained by:

Ele = (2h + 3k)Sh/12[Nm?] (3)

Even though the material’s behavior is orthotropic, equations
from the beam theory can be used in a practical way to calculate
the maximum stress on the outer surface. This approach has
already been used with fiber reinforced composite in some
works.***? Maximum stress, which represents the flexural
strength, was calculated according to the beam theory,*”
whereas “c” is the distance from the most outer fiber to the
neutral axis, equal to 2.23 mm for the studied geometry and
moment of inertia or second-order moment (I) was 81.92 mm®*.

Both values were obtained using SolidWorks’ properties section.
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Figure 2. All the steps of the manufacturing process and bending tests.

Omax = Mc/1[Pa] (4)

2.5. Scanning electron microscopy

After the bending tests, samples were frozen at —18°C for
12 h and broken manually to expose regions rich in fibers.
In addition, the remaining faces of the samples were also

~|Pour In Inlet Duct

cut until surface areas of around 5 mm” were reached, the
necessary size for placement in the microscopy
equipment.

The images were taken using a Phenom Pro Desktop
scanning electron microscope from Thermo Fisher
Scientific (Eindhoven, The Netherlands), which covered
a sample region of approximately 1.25mm’ by using
a zoom in a magnitude of 215 times This magnitude value
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Figure 3. Composite plates made by an adapted resin casting method.

Table 1. Composition of composite plates tested in 4-point bending.

0%wt E-glass  10%wt E-glass  15%wt E-glass  25%wt E-glass

0 Holes 0%FOH 10%F0 H 15%F0 H 25%F0 H
4 Holes - - 15%F4 H -
6 Holes - - 15%F6 H -

Figure 4. Support rollers and load rollers setup, whereas, h is equal to 18mm, and
k is equal to 36mm.

was used later together with the sample area captured in the
electron microscope, in order to generate scales, which
allowed correct measurement of the fibers and pores. The

equipment was managed by its own software (Phenon
ProSuite) and images of the morphology, pores and fiber
distribution in the samples were obtained.

3. Results

Load versus displacement curves were plotted for each
sample as Fig. 5a shows. The graph represents the mean
calculation of the results obtained from each sample tested.
Also, standard deviations were calculated and are showed
in the same image. Besides that, the behavior of a 15%F4 H
specimen at 3 different stages is correlated with Fig. 5b.
These stages were: at the beginning, with loaders displace-
ment equal to 0 (A), at an intermediate step (B), after
approximately 7mm movement, and near the maximum
load, with 13 mm displacement (C).

When the amount of fiber increases, the load reaches higher
values. However, the mass fraction variation was not enough to
avoid overlapping in the deviations, when comparing plates

B Load x Displacement
0 25%F0H
160 15%FO0OH
] 10%FOH
1o 15%F4H ®
1204 | *- 152/0F6H
G100 —— 0%FOH
3 80 @ *********.*.*
- ***** s
x* =
40 *,,x:‘:,n"
204 tt:'p
" ad(l
0 1 2 3 4 56 7 8 91011 12 13 14 15
Displacement [mm]
(a)

(b)

Figure 5. (a) Load versus displacement curves for all the materials analyzed; (b) three test displacement positions for a 15% F4H sample: I) original position, when the
test started Il) at 7.5mm displacement, Ill) near the end of the test, when maximum load was reached.
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Table 2. Bending stiffness (S), bending structural stiffness (Ele), bending moment (R) and flexural strength for composite implants.

0%FO H 10%FO H 15%FOH 25%FO H 15%F4 H 15%F6 H
S [N/mm] 6.00+1.77 13.45 +£2.290 13.94 +1.590 15.77 £2.950 10.28 £0.230 9.10+1.49
Ele [Nm?] 0.023 +0.007 0.052 +0.009 0.054 +0.006 0.061+0.012 0.040 +0.001 0.035 +0.006
M [Nm] 0.582 +0.144 1.207 +0.065 1328 £0.196 1.504+0.136 1.221+£0.052 0.744 £ 0.057
Omax [MPa] 16.56 +4.10 3433+1.84 37.76 £5.57 42.79 +3.87 3471147 21.15+1.61

Figure 6. Comparison between the CAD model and the final casted plates. the measure points are marked as A, B, C and D.

Table 3. Dimensional comparison: CAD model versus casted plates.

A B C D
CAD Model 116.00 13.50 13.50 4.20
[mm]
Casted Plates 11400+1.60 13.72+034 13.70+030 4.38+0.20
[mm]
Average Error 1.75% 1.60% 1.46% 4.11%
Max. Error 3.20% 3.85% 3.57% 7.08%

with 25% and 15% of glass fibers. In addition, differences
between 10 and 15wt% in reinforcements were very pro-
nounced until 11 mm displacement.

After reaching a displacement of approximately 11 mm,
there were no major changes in loading. Even though, the
curves for 15%F0H and 10%F0H samples showed a final
downward trend, demonstrating the beginning of their rup-
ture. However, in none of the plates, the total fracture occurred
during the test and, so it finished when the displacement
reached 15 mm, because some load applicators surfaces, in
addition to the rollers, were on the verge of contacting with
the samples.

Since the reinforcement is stiffer and more resistant than the
matrix, proportionally with the fiber amount increase, there is
an increase in the stiffness and strength limit. Also, because of
the different transversal areas, hole insertions decreased these
values. All the results obtained are presented in Table 2.

In order to compare the geometric structure, all the samples
were manually measured using a 0.02 mm precision vernier
caliper at the points shown in Fig. 6. The caliper used was
a Mitutoyo 0-150 mm, 0,02 mm metric, and all the measure-
ment was done inside the metrology laboratory with controlled
environment. Calibrations for this caliper is carried out by the
laboratory technician using gauge blocks as reference.

Measurement results and CAD values are shown in Table 3.
The average width and thickness of the casted material were
bigger than the original CAD model due to a small expansion
of the mold during the resin injection. These values were 1.6%,
1.46% and 4.11% higher than those of the CAD reference for
measured points B, C and D, respectively.

The length of the plates was, in general, smaller than the
models. It occurred because in some samples the ends were not
completely filled due to the high viscosity of the resin, prevent-
ing it from flowing correctly to these points. However, since the
higher reduction caused by it was of 1.8 mm on each side of
plates that had 116 mm total, these deviations did not generate
major changes in the geometry of the plates.

The SEM results, presented in Fig. 7, show how were the
internal structure and the interface between fiber and matrix,
highlighting (a) pores, in darker gray in; (b) fibers, in blue,
inside a darker-represented matrix; and (c) a region rich in
fibers (white) near a pure matrix part. Special attention was

Figure 7. Scanning electron micrograph of the fracture surface: (a) Pure PU sample with pores highlighted; (b) 10% PU glass fibers reinforced composites: fiber diameter
and gaps are showed; (c) 15% PU glass fibers reinforced, fiber rich regions are highlighted.



paid to the measurements of the pores and fibers. Also, the
distribution and the gaps between the fibers and the matrix
were seen with more accuracy.

4. Discussion
4.1. Bending test results discussion

Currently, there are few studies comparing different plate
systems and materials, most of them analyze the stress on
implants fixed on bones.'>**! In addition, there is not
a single standard for the presentation of the results. For
instance, regarding stiffness, some authors establish compar-
isons between force and displacement in the linear region of
the material (N/mm)!**; others use relations with force and
bending angle (N/degree)™®! still, some presents results for
bending structural stiffness (Nm?).["*! So, a challenge to over-
take was to establish comparisons with different authors,
because of the complex, diverse, and heterogeneous literature
about bone plates.!*"

Studies showed satisfactory clinical results when using
composite implants with 6 holes for fixation of human tibia
fractures, allowing quick bone healing.'*”! Fujihara (2003)
studied A PEEK (Polyether ether ketone) matrix combined
with almost 50% fiber fraction of braided carbon and
reached a maximum bending moment between 7.07 and
8.14 Nm, about 40% of the value achieved for stainless-
steel plates (18.5Nm).*"! In this work, the highest value
obtained was 1.50 Nm, for 25%GF plates. This value is
almost 5 times smaller than that one presented by the
braided carbon/PEEK but it can be considered acceptable
as the fiber ratio was also smaller.

The bending structural stiffness for reinforced implants
variated between 0.035 and 0.061 Nm?, values compatibles
with thin 1.2 mm 7 holes DCP plates that present 0.046 Nm>.
These thin plates are mainly used in small animals, but were
also pointed as an alternative to cases where less rigid fixation is
needed."® For real tibia applications, these values are still low
since previous studies reached values between 1.77 and 8.81
Nm? for 6 holes carbon epoxy tibial plates.!***!

Table 4. Mechanical properties of bones, fibers, polymers and metals.
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4.2. Advantages of the manufacturing process used

Firstly, references proved that additional holes increase the risk of
implant breakage.”" This occurs due to small freedom when
choosing the screws positioning. Nonetheless, reducing the num-
ber of holes from 6 to 4, the maximum bending moment increases
by 64%, from 0.744 to 1.221 Nm. This demonstrates that a process
able to use composite plate manufacturing without holes is an
advantageous alternative, because they are easier to drill during
the surgery when compared to metallic implants.'**! Hence, it will
improve surgeon freedom when choosing a safe position for the
screws, in which guarantee the best support for the efforts present
in each type of fracture.

In addition, the adapted casting process was cost-efficient,
easy to use and highly customizable when compared with
another technique that uses polymer or composite fabrication.
Traditional gravity casting usually consist only in pouring the
resin in a mold, without any injection system or outlet air
channel.””® Consequently, degassing process usually is done
only before the casting. Others polymer/composite manufac-
turing processes, usually need specific machinery and equip-
ment, making these very expensive or only available in large-
scale industrial processes.?*>*

Still, the use of 3D printing and silicone molds ensured great
dimensional accuracy, showing only minor deviations when
compared with the projected geometry. Thus, because these
materials are inexpensive and cure quickly, a wide range of
prostheses can be manufactured, according to the require-
ments of each application, being this one of the factors that
make the process flexible.

4.3. SEM analyses

The electron microscopy images showed the existence of pores
with diameters up to 247 micrometers and regions of separation
between the fiber and matrix. Because the presence of these
regions and pores were not uniform all over the tested samples;
the deviations of the results presented are justified.
Furthermore, the presence of pores also justifies the maximum
stresses in samples with 10 and 15% of fibers to have achieved

Young's Modulus

Elongation at break

[GPa] Poisson Ratio Tensile Strength [MPa] [%] Reference
Cortical Bone' 8.5-19.1 0.141 107-146 56571
Trabecular Bone' 1.1 0.3 3-20 156581
PU SikaForce 7710L1002 0.33° - 13 8 15
E-glass fibres? 723 521 48 (601
Ti-alloy® 116 - 965 (1,57)
Co-Cr alloy® 210 - 1085 (1571
Stainless Steel 316 190 0.3 586 55 [11,57,61,62]
Glass/Polypropylene® 53 0.098 - 5 581
PEEK* 83 - 139 3 [57,63]
Bioglass* 35 - 42 571
HDPE* 0.88 - 35 - (11,631
PU Kehl* 1715 0.440 40 - [6465]

?Obtained experimentally at preliminary tests according to ASTM D638.
"Bone tissues average values based on the references presented.

2Materials used in this work; data based on manufacturers datasheet and ASM materials reference book.

3Metallic materials for biomedical applications.
“Polymers and composites studied or proposed for biomedical applications.
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almost similar results. Cracks started in void regions, reducing,
consequently, the resistance of the implants, which caused more
impact in the results than small increases in the fibers’ ratio.
Regions rich in fibers showed low resin impregnation due to
the high viscosity of the matrix, as showed in Fig. 5.
Thus, improvements in degassing and, mainly, a surface
treatment of the fibers are recommended."*”

4.4. Material advances for bone plates

The described process also can be used with a wide range of
biomaterials, allowing changes in the matrix type and fiber.
Fraction of these can be increased to reach properties near the
one showed by bones, promoting great advances for bone
plates materials.

Table 4 shows the comparison between some of the materi-
als already used in implants, other alternatives, and the bone
properties. The Elastic Modulus of metals are 13.6-24.7 times
higher than those of hard tissues, which can generate stress-
shielding phenomenon. Also, some typical biopolymers did
not show strength compatible with these bones.

However, fiber reinforced polymers can be selected to tailor
properties that assure stiffness and strength enough to avoid
shielding and breakage. By changing the properties of the
phases, following the rule of mixtures, it’s possible, for
instance, to use a polyurethane resin with tensile strength and
Young’s Modulus higher than the one used in this work,
resulting in an enhancement of the composite properties.

Besides that, it is possible to make inner part modifications
to allow different amounts of fiber to be inserted along the
length of the plate. This improvement makes possible the
creation of stiffness-graded implants, in which, are able to
reduce the movement near the fracture cortex without shield-
ing distal regions.>”

The materials and geometries necessary for these changes are
already being developed and are the second stage of this research.

5. Conclusions

Comparing the bending structural stiffness of reinforced and
non-reinforced plates; a fiber amount increase between 10 and
25 wt% results in a 126% —165% raise in this property. Although
the strength and stiffness obtained were low, if other changes
are made, such as a larger fiber increase, it is possible to achieve
responses closer to those needed in the bone.

The adopted procedures also allowed the fabrication of
plates without holes, allowing greater freedom to the surgeon
who can select the best screws positions, according to each
clinical case, and perform the drilling during the surgical
process.

About the process, in comparison with other methods used
for the composites manufacturing or polymers, lower cost was
observed, since metallic molds or advanced machines were not
necessary. It was also highly customizable due to the use of
rapid prototyping and elastomeric molds, and it allowed the
development of complex geometries, proving to be an effective

alternative for the manufacture of non-flat devices. Finally, it
proved to be efficient for thermosets, supporting simultaneous
injection and air bubbles removal.

Futures studies are recommended including (1) changes in
the fibers mass fraction and matrix type, aiming to achieve
higher values of bending stiffness and maximum bending
moment; and (2) changes in the geometry of the core to
allow variation in the amount of fiber along the length of the
plate, to produce implants with variable stiffness; and (3)
cytotoxicity and other biocompatibility “invitro” tests to
avoid any unwanted reaction with the biological tissues.
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