13 - ORIGINAL ARTICLE
Materials Testing

Evaluation of porous vitreous carbon or silicon implants by radiology in rat’s skull
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ABSTRACT

Purpose: Evaluate by CT the use of porous vitreous carbon (PVC) and silicon (S) implants as the replacement bone in the
craniofacial skeleton of rats. Methods: 40 rats divided in: Group A (n=20) PVC submitted to the implant of a fragment in skull.
After the euthanasia, the animals were divided into two subgroups: A I: 10 animals, studied in the 7th postoperative day (P.O) and
AlL: 10 animals, studied in the 28th P.O. In group B, S, 20 rats were submitted to S implant in the skull. All other steps were
identical to group A, with designation of subgroups BI and BII. CT with beams in axial cuts of 1 mm thickness to obtain 3-D
information It was used Hounsfield scale for evaluate the radio density of the implant. They were used non parametric tests to
analyze the results. Results: The 7th PO boss remained in the two groups, but for 28th PO, observed reduction in the volume of
the implant in Group A, not observed in group B. CT studies noticed different radio densities around all of S prostheses (pseudo-
capsule), that don’t appeared in CPV implants. The S has remained unchanged in the CT, but the CPV has had a modification in
its radio density (p<0,05), in all implants. Conclusion: In CT evaluation the implants of CPV have greater deformation that the S,
which makes them not suitable for replacement of membranous bone in the rat skull.
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RESUMO

Objetivo: Realizar avaliacdo através de tomografia computadorizada (TC) de implantes de carbono vitreo poroso (CVP) e
silicone (S) para sua utilizagdo na substituicdo ossea no esqueleto craniofacial de ratos. Métodos: Foram utilizados 40 ratos
Wistar divididos em: Grupo A (n=20), implantes subperiostais de CVP no cranio. Apds o momento da eutanasia os animais foram
divididos em dois subgrupos: A I: 10 animais, estudados no 7° dia p6s-operatorio (PO) e AIl: 10 animais, estudados no 28° PO.
No grupo B (n=20), os ratos foram submetidos ao implante de silicone no cranio. Todas outras etapas foram idénticas ao grupo A,
com a designagao de subgrupos Bl e BII. Foi realizada tomografia computadorizada com cortes axiais de 1 mm de espessura para
obtengdo de imagens tridimensionais. A escala de Hounsfield foi utilizada para avaliacdo da radiodensidade dos implantes. Testes
estatisticos ndo paramétricos foram utilizados para analisar os resultados. Resultados: O volume do implante foi mantido ao 7°
PO nos dois grupos, mas ao 28° PO, ocorreu uma redugdo no volume do implante no grupo A, ndo observada no grupo B. Os
estudos tomograficos demonstraram a presenca de uma pseudo-capsula ao redor dos implantes no grupo B, ndo observada nos
implantes de CVP. Os implantes de silicone permaneceram inalterados na TC, mas os de CVP apresentaram modificacdo na sua
radiodensidade e deformagio (p<0,05). Conclusio: Na avaliagdo, através de TC, os implantes de CPV apresentam maior deformagao
que os de S, o que os torna inadequados para substituicdo do 0osso membranoso no cranio de ratos.

Descritores: Craniofacial, cirurgia. Carbono. Silicone. Ratos.
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Introduction

The plastic surgery of the craniofacial skeleton pre-
sents challenges as the loss of bone substance in large quanti-
ties. These deficiencies can be used distraction ostegenesis, in
addition to self-grafts and biomaterials'>>.

The self-graft is the first choice, but does not apply to
areas very extensive due to the morbidity of the donor area and
the possibility of no restoration of graft free. In these cases, the
biomaterials should be considerate*.

Porous vitreous carbon can be used in
craniomaxillofacial surgery, in the manufacture of orthopedic
implants, dental, heart valves, and other procedures®.

The silicon, a polymer biomaterial, is one of the most
used because it presents low reaction. This fact has caused some
authors consider it without tissue reaction®.

The interest of the authors in carbon and silicon corre-
sponded to their uses in craniomaxillofacial surgery to replace
the bone, with the advantages of coming to the material
biocompatibility autogenous®®.

We did not find comparative studies in the literature

between the porous vitreous carbon and silicon fills to the cran-
iofacial skeleton.

The purpose of this study was to evaluate the use of
porous vitreous carbon and silicon implants as the replacement
bone in the craniofacial skeleton, studying the reaction of tis-
sue implants membranous bone in the skull of rats, from the
radiological point of view.

Methods

This study was approved by the Committee on Ethics
in Research of the UNIFESP / EPM and ratified by the Com-
mission for Research of Lusiada University (Medical School
of Santos), follow the Council for International Organization
of Medical Sciences (CIOMS) and ethical code for animal ex-
perimentation.

Forty rats were used (Rattus novergicus albinus),
Wistar EPM line, male, with an average age of four months,
average weight of 390 grams, from the Central Bioterium
(CEDEME) of the UNIFESP (Figure 1).

RATS (N=40)
Group A: Group B:
Porous Carbon Silicon
(n=20) (n=20)
Subgroup Al: Subgroup All: Subgroup BI: Subgroup BIl:
Euth 7*" PO Euth 28" PO Euth 7*" PO Euth 28" PO
(n=10) (n=10) (n=10) (n=10)

FIGURE 1 - Animals distribution in different study groups

The animals were kept in individual plastic cages, with
40 cm?, identified, staying for seven days prior to the comple-
tion of the experiment, with purpose of adaptation. The tem-
perature was controlled by the air conditioning system, the light
from the light-dark cycle of twelve hours, acoustic isolation,
and standardized feed for laboratory animals (rats and mice)
and water ad libitum.

The carbon used was of the type porous vitreous and
the silicon was solid.

The animals were distributed in: Group A-porous vit-
reous carbon, twenty rats were submitted to the implant of a
fragment of 0.64 cm? porous (8 mm x 8 mm and 6 mm thick),
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carbon (Figure 2) in skull without periosteum; after this proce-
dure the synthesis of the wound was performed and the animal
was sent to the IGC in the immediate postoperative period.

As the period of euthanasia, the animals were divided
into two subgroups: subgroup Al: 10 animals, studied in the
7th postoperative day (P.O) and subgroup IIA: 10 animals, stud-
ied in the 28th P.O.

In group B, silicon, twenty rats were submitted to the
implant via affixing of a fragment of 0.64 cm? (8§ mm x 8§ mm
and 8 mm thick) of silicon (Figure 2), in the skull, without pe-
riosteum of the animal. All other steps were identical to group
A, with designation of subgroups BI and BII.
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FIGURE 2 - Porous vitreous carbon and silicon used for implant

Procedures

The animals were subjected to the anesthesia, 0.2 ml
ketamine hydrochloride associated with xylazine hydrochloride
2%, 0.1 ml, administered intramuscularly, trichotomy in the
parietal region, ventral decubitus, anti-sepsis with iodopovidine
topic, median incision, the muzzle to the back with knife blade
15, divulsion of subcutaneous cellular tissue and muscle oc-
cipital - front, with iris scissors, access to the cranial calotte,
periosteum detachment in the area of 1 cm? in location median.
Deployment by affixing, the fragment of carbon or silicon (as a
group) in the central region and median, closing skin with wire
monofilament polyamide 3.0, end of the foregoing curative sur-

gery (Figure 3).

FIGURE 3 - Incision (A) for access to rat skull (B) allow to located the porous vitreous

carbon (C) and suture of the incision (D)

The analgesia was maintained with dipyrone, for a
period of 15 days, starting it in the immediate postoperative
period.

Euthanasia has been through deepening of the plan
anesthetic.

Radiological studies were conducted through the heli-

cal computed tomography with beams in axial cuts of 1 mm
thickness to obtain three-dimensional digital information*.

The data were processed to obtain three-dimensional
image and with bi filter algorithm for extremities (sharp), for
greater sensitivity to visual interfaces between bone and im-
plant (W: 1250, C: 400).
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The deformity of the implants was evaluated by the
presence or absence at the site of the greatest thickness of the
implant in coronal cut.

The formation of capsule (pseudo-capsule) was evalu-
ated in bone interfaces / implant and soft tissue / implant, by the
presence or absence.

It was used the Hounsfield's scale’® for evaluation of
the amendment radio density the implant by the presence or
absence.

The radio density of implants was obtained through
the marking of a point in choosing local representative of the
implant, in the center and near the cranial calotte. The result
containing radio density maximum, minimum, average and stan-
dard deviation was provided automatically, the program inserted
in the system of computerized tomography of the device. (*Si-
emens Somaton Espirit Plus)

Statistical analysis was performed by the Discipline
of Biostatistics, Department of Preventive Medicine at the Fed-
eral University of Sao Paulo. They were used non - parametric
tests, taking into consideration the nature of the variables stud-
ied:

1. Test Mann-Whitney'® with the aim of comparing
separately for groups A and B, the values observed for seven
and 28 days of euthanasia. The same test was applied in order
to compare the groups A and B, separately for the 7th and the
28th day of euthanasia.

2. Testing of the chi-square test or the exact Fisher',
with purpose to compare, separately for groups A and B, peri-
ods of 7th and the 28th day of euthanasia on attendance or ab-
sence of various characteristics studied.

The same tests were applied, moreover, with the pur-
pose of comparing the groups A and B, separately for the 7th
and 28th day of euthanasia.

In all the tests set themselves on 0.05 or 5% the stan-
dard for rejection of the possibility of nullity'’, <5% (a noting
with a significant asterisk figures).

Results

After the operative procedures, the animals had a boss
noticeable in the area of the implant due to the same place (Fig-
ure 4).

The seven days of post-operatively, the boss remained
in the two groups. At 28 days was observed reduction in the
volume of the implant in Group A. This fact was not observed
in group B (Figure 5), except for four implants that were ex-
posed, discharged and lost. In group A, for 28 days, there was
an animal with the implant exposed, but this has not been ex-
pelled, remained attached to the cranial calotte mouse.
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FIGURE 4 - Clinical evaluation of the boss in the area of the carbon
or silicon implant

FIGURE 5 - Coronal Tomography images at seven (subgroups I) and
28 days (subgroups II) of post-operative, showing a reduction in the
volume of the implant in the Group A. Group B maintaining volume
and shape of the implant
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TABLE 1 - Rats subjected to implant according to the values of deformation of the implant

Group A Group B
7 days 28 days 7 days 28 days

O Ne)Ne)Ne)Ne)NerNe)le)RE e
WNWN-_WOWANWODN
o CO 0O 00 C0 Co 0o Co Co o

Media 5.8 2.5 8.0
Median 6.0 2.5 8.0

Mann-Whitney Test — p<0.05
7 days x 28 days: Group A =7 days > 28 days; Group B = 0,00 NS
Group A x Group B: 7 days and 28 days: Group A < Group B

00 00 |0CO OO0 00 CoO OO O

.0
.0

TABLE 2 - Radiological variables in the implants, according to the presence (P) or absence (A) of pseudo-capsule and change of radio density

Radiological Group A Group B
Variables Days P A Total % P P A Total %P
7 0 10 10 0.0 10 0 10 100.0 4*=20.0*A<B
Implant capsula 28 0 10 10 0.0 6 0 6 100.0 P =0.000*A<B
Total 0 20 20 20.0 16 0 16 100.0
No analysis No analysis P =0.3526 NS
7 0 10 10 0.0 0 100 100.0  No analysis
28 10 0 10 1000 0 6 O 100.0 P =0.000*A<B
Change in
radiodensity
Total 0 20 20 20.0 0 16 0 100.0
P =20.0"7 <28 No analysis P =0.3526 NS

Acta Cirurgica Brasileira - Vol. 23 (3) 2008 - 291



Vaccari-Mazzetti MP et al

Discussion

The need for material substitution occurs when the
bone (autogenous bone), considered the best substitute is not
available or accessible to the correction of defects with loss of
bone substance?.

The carbon with medical usefulness can be made in
three ways: vitreous, fiber or fiber reinforced with carbon*. We
use the vitreous carbon with pores.

The silicon is a polymer with consistency of rubber?,
used in our study in its solid form.

We seek a porous biomaterial, national, which could
in future serve as a basis for crops cell (porous vitreous car-
bon). The silicon used for comparison because it is one of the
most inert implants to the human been®”''? and is the most
done in humans, especially women with aesthetic purposes'?.

The silicon does not present osseous integration, and
may even cause bone resorption as a radiological study that
assessed their location and method of implantation'>'4,

The carbon choused was presented porosity greater
than 200 micra, enough to allow a bone growth. The implants
for bone replacement should allow the growth of bone cells to
their interior, because the penetration inside implant, occur in
material with pore size greater than 100 micra'.

Lewandowska - Szumiel et al.'® conducted study in
the rat femur, using a carbon reinforced with pores of 30 micro
and observed for growth within the bone implants, despite the
smaller size of the pores in relation to previous studies'”.

The conventional radiographic techniques present as
radiological study of choice, in other studies'®"” on bone im-
plants.

The images obtained in computed tomography, have
more versatility because they can be studied in three dimen-
sions, with a greater number of information, allowing better
studies, even in small samples®. Due to these reasons, we opt
for computed tomography (CT) in our study.

CT presents images based on the attenuation coeffi-
cient of the tissue in linear image obtained by radiography in a
plan and then in combination of several plans; this attenuation
coefficient is proportional to the density of the tissue and can
be called radio density. These tissue radio densities were con-
verted to a numerical scale, which can be called Range of
Hounsfield® with their respective units (UH).

The scale of Hounsfield sets the mitigation of air in
UH-1000, the water in zero UH, the fatty tissue in approxi-
mately 100 in-UH, the muscle tissue in about 40 UH, the spongy
bone around 200 UH and the cortical bone around 2000 UH25.
This scale was used to assess whether there was a change in
attenuation coefficient, radio density of the implants.

In studies with CT noticed a different radio densities
around all of silicone prostheses, which was characterized as
radiological signal corresponding to pseudo-capsule; this sig-
nal not appeared in carbon implants.

The silicon has remained unchanged in the radiologi-
cal study, but the carbon has had a modification in its radio
density (p<0,05), in all implants. Our first impression after check
images, was that could have been a growth of bone cells into
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the same, but the study histological comparison, it was observed
that the increase in radio density due to the completion of im-
plants by fibrosis.

These are a deformity of implants carbon to 28 days.
The intense fibrosis could have been the cause of the deformity
occurred, finishing the use of the implants as part of filling bone.

In implants carbon noticed that the fibrosis filled in
the spaces between the bone and the implant and in the middle
of it. This filling associated with lesion in the periosteum bed
of the implant, may have been factors that hampered a bone
growth into the implant.

In other studies with the carbon not was porous, were
not observed deformities of the implants, which enabled their
clinical use®'"%,

Silicon implants in the presence of pseudo-capsule
seems to have been the factor that impossible integration bone.

The results of the experiment showed two materials
for implants with a biocompatibility adequate, that is, there was
not a foreign body reaction type, but the porous carbon pre-
sented a great physical frailty, not allowing maintain their struc-
ture at the end of the period of study and presenting a change of
radio density deformity with the implant.

The carbon evaluated with the physical structure is not
provided by the replacement bone mechanical failures. The pos-
sibility of the manufacture of a structure of reinforced carbon,
further studies with longer periods of assessment will be needed
to reach a national porous carbon with more resistance to de-
formity.

Conclusion

From a radiological aspect the implants carbon porous
vitreous have greater deformation that the silicon, which makes
them not suitable for replacement of membranous bone in the
craniofacial skeleton.
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