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RESUMO

Foi realizado estudo experimental em ratos Wistar para a
avaliagdo da integracdo 6ssea dos granulos de hidroxiapatita
de diferentes tamanhos (212, 500p e 1000y). Os animais fo-
ram divididos em trés grupos experimentais (dois grupos com
15 animais e um grupo com 25 animais) e foram sacrificados
com 30, 90 e 180 dias ap6s a implantagdo da hidroxiapatita,
que foi utilizada para o preenchimento de falha dssea produzi-
da no fémur. Dez animais formaram o grupo controle, cujo falha
produzida no fémur ndo foi preenchida com a HA. Os animais
foram avaliados por meio de estudo radiolégico e histolégico,
utilizando-se microscopia de luz para a avaliagdo da interface
entre o tecido 6sseo e a hidroxiapatita.

Foi observado que os granulos de hidroxiapatita utilizados
para o preenchimento da falha dssea foram biocompativeis e
gue a restauracdo da falha 6ssea ocorreu mais rapidamente
nas falhas ésseas preenchidas com a HA que apresentava gra-
nulos de menor diametro (212p).

Descritores: Osseointegracéo; Hidroxiapatita; Ratos wistar.

INTRODUCAO

A procura de substitutos dos enxertos 6sseos, capazes de
promover a osteointegracdo, o restabelecimento, a remodela-
¢ao e o reforgo das estruturas ésseas, tem estimulado a pes-
quisa de materiais sintéticos capazes de substituir os enxertos
6sseos®®, Os enxertos 6sseos apresentam eficiéncia mecani-
ca e bioldgica, mas as limitagdes relacionadas a sua utilizagédo
estdo relacionadas com as complicacdes do local de sua retira-
da, e com a sua escassez nos pacientes submetidos a mdalti-
plos procedimentos®19),

A ceramica de hidroxiapatita tem sido estudada por tratar-
se de uma substancia bioativa ndo tdxica, que provoca pouca
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SUMMARY

This trial was performed in Wistar rats to evaluate bone inte-
gration of hydroxyapatite (HA) granules of different sizes (212 um,
500 pym, and 1000 ym). The animals were divided into three
experimental groups, that is, two groups of 15 animals and one
group of 25 animals, which were killed, respectively, 30, 90 and
180 days after the implantation of the hydroxyapatite employed
to fill the bone defects produced in the rats’ femurs. Additionally,
a control group included ten rats whose induced femur defects
were not filled with HA. All animals were radiologically and histo-
logically examined by light microscopy, in order to evaluate the
bone tissue / hydroxyapatite interface.

It was seen that the hydroxyapatite granules employed to fill
the bone defects were biocompatible and that the bone defect
was restored faster in the bone defects filled with HA whose gra-
nules had smaller diameters (212 um).

Key words: Osseointegration; Durapatite; Rats, Wistar.

INTRODUCTION

The search for bone graft substitutes capable of promoting
osteointegration, recovery, remodeling and restrengthening of
bone structures has stimulated the search for synthetic materials
capable of replacing bone grafts ¢, Bone grafts are mechani-
cally and biologically effective, although the limitations related to
their use are associated to the complications found at the site of
their removal and to the scarcity of their presences in patients
who underwent multiple procedures @419,

The ceramics of hydroxyapatite has been studied because it
is a non-toxic bioactive substance that causes few tissue reacti-
ons, being thus an important resource for bone replacement 319,
It has been employed in a variety of areas, including bone de-

Work performed at the Department of Biomechanics, Medicine and Rehabilitation of
the Locomotor Apparatus, Faculty of Medicine, University of Sao Paulo, Ribeirao
Preto, SP, Brazil

1 - Post-grad student, Department of Biomechanics, Medicine and Rehabilitation of
the Locomotor Apparatus.

2 - Doctor, Department of Medical Clinic, Hospital das Clinicas.

3 - Post-grad student, Department of Biomechanics, Medicine and Rehabilitation of
the Locomotor Apparatus.

4 - Associate Professor, Department of Biomechanics, Medicine and Rehabilitation of
the Locomotor Apparatus.

Address: Hospital das Clinicas de Ribeirao Preto — 11° andar — Campus Universitario

- Av. Bandeirantes, 3900 - Ribeirao Preto, SP 14048-900 - Brasil
e-mail: hladefin@fmrp.usp.br

ACTA ORTOP BRAS 11(4) - OUT/DEZ, 2003



reacdo tecidual, apresentando-se como um importante recurso
para a substituicdo 6ssea**'%, Seu emprego tem sido muito di-
versificado, tendo sido utilizada para o preenchimento de fa-
Ihas ésseas e reconstrucéo de defeitos sseos provocado por
resseccgoes cirlrgicas; revestimento de componentes metélicos
para fixag&o ou no revestimento da superficie de metais®@59.

A hidroxiapatita tem sido objeto de nosso estudo, e esse
trabalho teve como principal objetivo a avaliagdo experimental
da integracdo dssea da hidroxiapatita, considerando-se a utili-
zacao de granulos de diferentes dimens6es desse material, com
a finalidade de observar a possivel influéncia do tamanho dos
granulos de hidroxiapatita na velocidade e qualidade do pro-
cesso de integragdo 6ssea.

MATERIAL E METODOS

Material

Foram utilizados 55 ratos machos da raga Wistar, com peso
variando de 200 a 300g, fornecidos pelo Biotério Central da
Faculdade de Medicina de Ribeirao Preto.

A hidroxiapatita utilizada para o estudo foi a GEN-PHOS*
granulada, que é uma hidroxiapatita sintética ndo reabsorvivel,
tendo sido utilizado trés diferentes tipos dessa hidroxiapatita com
relacdo ao tamanho dos seus granulos, as quais denominamos:
Tipo 1 (0.212y), Tipo Il (0.500 p) e Tipo Il (1.00 p). (Figura 1)

Métodos

Aregido antero-lateral do fémur direito e esquerdo dos ratos
foi utilizada para o estudo. Apés a exposicao cirdrgica dos fé-
mures, era confeccionada uma canaleta 6ssea medindo 5 mm
de comprimento e 2 mm de largura que era preenchida com
hidroxiapatita.No grupo controle, a falha 6ssea era realizada do
mesmo modo e ndo era preenchida com a hidroxiapatita. (Figu-
ra 2)

Os animais foram operados no setor de Medicina Experi-
mental do Hospital das Clinicas da Faculdade de Medicina de
Ribeirdo Preto, e anestesiados com Nembutal *® na dose de 33
mg/Kg, por meio de injecdo intra-peritoneal. Apos a anestesia,
era realizada a tricotomia, as-
sepsia e antissepsia dos mem-
bros inferiores com PVPI deger-
mante * e alcool iodado.

Os fémures eram aborda-
dos por meio de incisdo longi-
tutinal de cerca de 2 cm na
face lateral das coxas, tendo
sido produzida uma falha 6s-
sea de 5mm de comprimento
e 2 mm de largura, que esten-
dia até a medula Ossea.

A falha 6ssea era comple-
tamente preenchida com a hi- =
droxiapatita, e o tipo de hidro-
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Fig. 1- Fotografia ilustrando as diferentes dimensdes dos granulos

fects and reconstruction of bone defects secondary to surgical
resections, coating of metal components for fixation, or metal
surface coatings @59,

Hydroxyapatite in bone integration was the object of this stu-
dy in which different sizes of granules of this material were used
with the purpose of observing a possible influence of such sizes
on the speed and quality of the bone integration process.

MATERIAL AND METHODS

Material

Fifty-five male Wistar rats weighing between 200 and 300 g
were provided to us by the Central Bioterium of the Faculty of
Medicine of Ribeirao Preto for this study.

Three types of Granulated GEN-PHOS* (a synthetic hydro-
xyapatite that is not reabsorbed) were employed according to
the size of their granules, that is, Type | (0.212 um), Type Il (0.500
um) and Type Il (1.00 um) (Figure 1).

Methods

The anterolateral regions of the rats’ right and left femurs were
used in the study. After the surgical exposure of the femurs, a 5-
mm long and 2-mm wide bone flute was produced and filled up
with hydroxyapatite. In the control group, a bone defect was pro-
duced in the same manner, but was not filled up with hydroxya-
patite (Figure 2).

The animals received an intraperitoneal 33-mg/kg dose of
anesthetics Nembutal *® and were operated at the sector of Ex-
perimental Medicine, Hospital das Clinicas, Faculty of Medicine
of Ribeirao Preto. After the anesthesia the lower limbs were sub-
mitted to trichotomy, asepsis and antisepsis with PVPI degerming
* and iodinated alcohol.

All femurs were approached by means of a 2-cm longitudinal
incision performed on the side faces of the thighs, and a 5-mm
long, 2-mm wide bone defect was performed, which extended
up to the bone marrow.

The bone defect was totally
filled with hydroxyapatite; the
type of hydroxyapatite em-
ployed depended on each ex-
perimental group of animals.

Once the bone defect was
filled, the muscular planes were
sutured in blocks with separate
stitches using 3/0 Catgut Chro-
mic suture ***®, while the skin
was sutured using Mononylon 4/
0 thread ****(™, During the im-
mediate post-operative period all
animals were allowed to walk

Xiapatita utilizada dependia do
grupo experimental a que per-
tenciam os animais.

Apés o preenchimento da

*Baumer Ortopedica
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de hidroxiapatita utilizada para o preenchimento das falhas ésseas.
Da esquerda para a direita estdo apresentados respectivamente os
granulos de 211y, 500u e 1000p.
Figure 1 - lllustrating different dimentions of hydroxyapatite granules
employed to replace bone defects. From left to right are presented
granules of 0.212um, 0.500um and 1000um respectively

with no restrictions and each one
received 5,000 U of benzyl peni-
cillin potassium intramuscularly
**%x%(6) during the first 3 days of
the post-operative period.
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number of

falha 6ssea, os planos musculares eram
suturados em blocos com pontos sepa-

animals

RIGHT FEMUR

The animals were then divided into 3
experimental groups, of which two inclu-

LEFT FEMUR

rados, utilizando-se fio Catgut Cromado

ded 15 animals and one included 25 ani-

Group I 5 Type 1(0.212 pm) Type II (0.500 pm)
3-0 ***0O) e a pele era suturada com fio 30 days) 5 [Typell (0500 im) | Type I (100 im) mals. The animals in Group | were killed
Mononylon 4-0 ****(™, No p6s operatério 5 [Typell Loopm) | Typel©212 pmm) 30 days after the surgical procedure; tho-
imediato todos os animais foram libera- 5 [TypeT©212pm) | TypeI (0500 jm) se in Group Il, 90 days after the procedu-
dos para deambulagdo sem restricdo e Group I 5 Type 0500 ) [ Type T 00 1) re; and those in Group Ill, 180 days after
receberam 5.000 U intra-muscular de ©0 day9) E T TR TEXIT™ the procedure.
Benzil Penicilina Potéassica *****® nos N\ peTe T | SeeT 500
3 primeiros dias de pos-operatorio. Group I s ype @500 [ Tope T G007 Since the objective of the study was to

(180 days)

evaluate the different types of hydroxyapa-

Os animais foram divididos em 3 gru- 3

Type I (1.00 pm)

TypeI(0.212 pim)

pos experimentais, sendo que dois de-

Control group 5 control

tite applied to the same animal, three com-
binations of hydroxyapatite were used, na-

les eram compostos por 15 animais e um

(180 days) 5

control

por 25 animais.Os animais foram sacrifi-
cados com 30 dias apos o procedimen-
to cirdrgico (grupo 1), 90 dias (grupo Il) e
180 dias (grupo ).

Com objetivo de avaliar-se os diferen-
tes tipos de hidroxiapatita, no mesmo
animal, trés combinacfes da aplicacdo
de hidroxiapatita foram realizadas: Tipo |
e Tipo II; Tipo Il e Tipo lI; e Tipo Ill e Tipo
I, tendo sido cada tipo utilizado em um dos fémures dos ani-
mais. Foram utilizados 15 animais para cada tipo de combina-
¢do da aplicagdo da hidroxiapatita, sendo que 5 animais de cada
tipo, eram sacrificados com 30 dias de poés operatério, 5 com
90 dias e 5 com 180 dias de pds operatorio. (Tabela 1)

O grupo lll era composto por 25 animais, sendo que 10
pertenciam ao grupo controle, nos quais a falha 6ssea néo foi
preenchida com a hidroxiapatita.

A avaliacdo da integrag@o da hidroxiapatita com o tecido
Gsseo foi realizada por meio de estudo histoldgico com micros-
copia de luz, e nos animais do grupo Il foi também realizado
estudo radiolégico, utilizando-se filme de mamografia * posici-
onado a um metro da ampoéla do aparelho, com técnica de 38
Kv e MAS 6.4. As radiografias nos animais do grupo Ill foram
realizadas imediatamente apés a cirurgia, com 30, 90 e 180 dias
de poés- operatorio.

As radiografias foram avaliadas por radiologista do Servi¢o
de Radio Diagnostico do Hospital das Clinicas da Faculdade

* Abbott /** Cirumédica / ***Cirumédica / ****Wycillin R

Tabela 1- Distribuigéo dos tipos de
hidroxiapatita utilizada nos diferentes grupos
experimentais.

Table 1 - Distribution of types of
hydroxyapatite utilized in the different
experimental groups

mely: Type | + Type II; Type Il + Type IIl;
and Type Il + Type |; each type was used
in one of the femurs of each animal. We
used 15 animals for each type of combi-
nation of hydroxyapatite; 5 animals of each
type were killed 30 days after the surgical
procedure; five were killed 90 days after the
procedure; and another five were killed 180
days after the procedure (Table 1).

Of the 25 animals in Group I, 10 belonged to the control
group; therefore, their bone defects were not filled with hydro-
Xyapatite.

The hydroxyapatite integration to the bone tissue was evalua-
ted by a histological study with light microscopy; the animals in
Group Il were also submitted to radiological investigations, with
a mamographic film * positioned 1 meter away from the
instrument’s vial using the 38 Kv and MAS 6.4. technique. All
animals in Group lll were X-rayed immediately after the surgery
and again 30, 90 and 180 days after the surgery.

The X-rays were evaluated by a radiologist from the Radiodi-
agnosis Service of the Hospital das Clinicas, Faculty of Medicine
of Ribeirao Preto. The parameter used in the radiological study
of the bone defects produced was the analysis of presence of
bone formation in the defect; such parameter scored 25%, 50%
and 75% of bone formation in the defect and complete filling of

Figura 2 - Fotografias ilustrando a abordagem do fémur e confeccédo da falha 6ssea (A) e 0 seu preenchimento com a hidroxiapatita (B)
Figure 2 - lllustrating femur approaches and a bone defect production (A) and its filling with hydroxyapatite (B)
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de Medicina Ribeirdo Preto. Os parametros utilizados para a
realizacdo do estudo radioldgico nas falhas 6sseas produzidas
consistiram em analisar a presenc¢a de formagéo dssea na fa-
Ilha, sendo que esse parametro foi graduado em 25%, 50% e
75% da formagéo 6ssea na falha e completo preenchimento da
falha com tecido ésseo. Outro parametro analisado nesse estu-
do foi a verificagdo do remodelamento 6sseo no interior da
falha do fémur, sendo esse parametro graduado em auséncia
de remodelamento na falha, remodelamento do canal medular,
remodelamento parcial da cortical e presenca de reacéo peri-
ostal.

Com auxilio de um Paquimetro Eletrénico **, as falhas 6s-
seas eram mensuradas nas radiografias
( pbés-operatério imediato, 30, 90 e 180
dias de pés operatdrio), nos maiores ei-
xos das posi¢6es antero-posterior e per-
fil.

O estudo histolégico foi realizado nos
trés grupos experimentais, de acordo
com o periodo estabelecido para o sa-
crificio ( 30, 90 e 180 dias de pds opera-
tério). Os fémures do grupo controle fo-
ram submetidos somente ao estudo his-
tolégico no periodo de 180 dias.

Foram realizados cortes histolégicos
de 6u e corados pela técnica da hema-
toxilina-eosina e Tricrdbmico de Gomori
para o estudo da interface do tecido 6s-
seo e hidroxiapatita.

Os parametros utilizados no estudo
histolégico consistiram na andlise da pre-
senca de remodelacéo do defeito produ-
zido no fémur, que foi graduado em:
auséncia de unido 6ssea, presenca de
unido fibrosa, presenca de unido osteo-
condral e completa reorganizacéo da fa-
Iha 6ssea. Outros parametros analisados
estavam relacionados ao ao estudo do
osso cortical (formacéo e organizagdo do
0sso cortical) e do 0SS0 esponjoso (ati-
vidade celular, formacéo éssea e reorga-

the defect with bone tissue. Another parameter analyzed in this
study was the checking of bone remodeling inside the femur
defect; such parameter was scored as the absence of remode-
ling in the defect, remodeling of the medullar canal, partial remo-
deling of the cortical, and presence of periosteal reaction.

The bone defects were measured on the X-rays with the aid
of an Electronic Caliper ** (immediate post-operative period and
30, 90 and 180 days after the surgical procedure), along the lar-
gest axes of the anteroposterior and profile positions.

A histological investigation was performed in all study groups
according to the schedule established
for the killings (30, 90 and 180 days af-
ter the surgical procedure). The femurs
of the control group were submitted only
to histological investigation throughout
the 180-day study period.

In order to study the bone tissue /
hydroxyapatite interface, 6-um thick his-
tological sections were obtained and
stained using the hematoxylin-eosin te-
chnique and Gomori trichrome stain.

The main parameter used in the his-
tological study was the analysis of pre-
sence of remodeling of the defects pro-
duced in the femur, which were rated
as follows: absence of bone union, pre-
sence of fibrous union, presence of os-
teochondral union, and full reorganiza-
tion of the bone defect. The other para-
meters analyzed were related to the cor-
tical bone investigation (formation and
organization of the cortical bone) and
the spongy bone (cell activity, bone for-
mation and reorganization).

The bone measurements of all bone
defects were performed with an electro-
nic caliper and subjected to statistical

nizagéo).

As medidas obtidas através da men-
suracao das falhas dsseas com o uso do
paquimetro eletrénico foram submetidas
a andlise estatistica, tendo sido utilizado
0 teste ndo paramétrico de Wilcoxom,
para comparar mais de dois tratamentos,
usando niveis de significancia de 5%.

RESULTADOS

Avaliagao radiolégica

A avaliacdo radioldgica realizada no
periodo pés-operatorio imediato mostrou
as falhas 6sseas preenchidas com a hi-
droxiapatita, tendo sido possivel identifi-

Figura 3 - Radiografias do p6s operatério
imediato das falhas preenchidas com a H.A.
Tipo I (A), Tipo Il (B), Tipo lll (C) e controle (D).
Radiografias com 30 dias de pds-operatério das

analysis; the non-parametric Wilcoxon
test was employed to compare more
than two treatments, using a 5% signifi-

falhas preenchidas com a H.A Tipo | (E), Tipo Il cance level.
(F), Tipo lll (G) e controle (H), ilustrando a

presenca de reacéo periostal nas falhas e inicio

do remodelamento do canal medular. Observar RESULTS

inicio de formacgé&o do osso cortical (H).

Radiological evaluation

The radiological evaluation perfor-
med during the immediate post-opera-
tive period showed that the bone defects
were filled up with hydroxyapatite and
that it was possible to identify the three
types of HA employed, while in the con-
trol group the bone defects presented
well-defined limits (Figure 3)

Figure 3 - Pos-operative radiography of bone
defects filled up with HA Type | (A), Type Il (B),
Type Il (C) and control (D). X-rays of bone
defects filled up with HA 30 days after surgical
procedure Type | (E), Type Il (F), Type lll (G) and
control (H), illustrating the presence of periostal
reaction in the defect and initial remodeling of
the medullar canal. Notice initial remodeling of
cortical bone (H).

*Kodak- Min-R TM 2000, Tam. 18x24 cm / **Mitotoio corporation-mod
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car os trés diferentes tipos utilizados , enquanto que no grupo
controle a falha dssea apresentava os limites bem precisos .
(Figura 3)

Com 30 dias de pds-operatdrio os diferentes grupos expe-
rimentais ainda podiam ser identificados de acordo com o ta-
manho dos granulos da hidroxiapatita. O defeito do fémur ja
apresentava respectivamente 100% e 75% de formagao Gssea
em 60% e 40% das falhas 6sseas preenchidos com a HA do
tipo I. Nos orificios preenchidos com a HA do tipo Il foi observa-
do 75% de formacgédo 6ssea em 50% das falhas ésseas, tendo
sido observado 50% de formacdo 6ssea em 50% das falhas
6sseas preenchidas com a HA do tipo Ill. No grupo controle
100% de formagéo 6ssea foi observado em 40% das falhas Gs-
seas. O remodelamento do canal medular foi observado em 60%
das falhas 6sseas dos fémures preenchidos com a hidroxiapa-
tita do tipo I, e em 30% e 20% nas falhas 6sseas preenchidas
com a hidroxiapatita dos tipos Il e lll, respectivamente. O remo-
delamento completo da cortical foi observado em 20% dos fé-
mures preenchidos com a hidroxiapatita tipo |, enquanto que o
tipo Il apresentou remodelamento parcial da cortical em 50%
dos fémures e o tipo Il em 40% dos casos. O grupo controle
apresentou remodelamento completo da cortical em 60% dos
animais . A reagéo periostal foi observada em todos grupos
experimentais.

Na avaliacéo radiol6gica com 90 dias de pds-operatorio ain-
da era possivel a diferenciacdo dos tipos de hidroxiapatita utili-
zada. A reacdo periostal ainda estava presente em todos os
grupos experimentais . Foi observado o completo preenchi-

O without bone formation 100
100 W 25% bone formation
20 050% bone formation 0
70 075% bone formation &0

(%)

(%)
2

Il 1

Thirty days after the surgical procedure, the different experi-
mental groups could still be identified according to the size of
the hydroxyapatite granules. The femur defect already showed
100% and 75% of bone formation respectively in 60% and 40% of
the bone defects filled with Type | HA. Inside the orifices filled
with Type Il HA, 75% of bone formation was observed in 50% of
the bone defects, while 50% of bone formation was observed in
50% of the bone defects filled with Type Ill HA. In the control
group, 100% of bone formation was noticed in 40% of the bone
defects. Medullar canal remodeling was observed in 60% of the
bone defects of the femurs that were filled with Type | HA, and in
30% and 20% of the bone defects filled with Types Il and lll HA,
respectively. Complete remodeling of the cortical bone was ob-
served in 20% of the femurs filled with Type | hydroxyapatite, whi-
le partial remodeling of the cortical was observed in 50% of the
femurs that were filled with Type Il HA and in 40% of the cases
where Type lll HA was employed. The control group presented
complete remodeling of the cortical bone in 60% of the animals.
Periosteal reaction was observed in all experimental groups.

The radiological evaluation performed 90 days after the sur-
gical procedure still allowed distinguishing the various types of
hydroxyapatite employed. Periosteal reaction was still present in
all experimental groups. The bone defects have shown to be
totally filled in 60% of the femurs filled with Type | HA, and in 30%
of those filled with Types Il and Ill HA. All bone defects in the
control group presented maximum bone formation. Complete
remodeling of the cortical was observed in 70% of the bone de-
fects filled with Type | HA and in 20% of those filled with Type II

100

zpgsgzuzs
coos8d33288
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pr 0100% bone formation hod
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Typell | Type lll I Control ‘
90 days
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Type | Type ll Type lll Control
180 days

Experimental Groups

Figura 4. Graficos ilustrando os resultados radiol6gicos em relagdo a formagéo 6ssea nas falhas preenchidas com os granulos de H.A. Tipo
1 (0.212p), Tipo Il (0.500 p), Tipo Ill (1.00p) e controle. A: 30 dias de pos operatdrio. B: 90 dias de pés-operatdrio. C: 180 dias de poés-
operatorio.

Figure 4 - lllustrating radiological evaluation of bone formation in defects filled up with Type | HA (0.212um), Type Il (0.500um), Type Il
(2.00um) and control. A: 30 days after surgical procedure. C: 180 after surgical procedure.
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Figura 5- Gréaficos demonstrando os resultados radiolégicos correspondentes ao remodelamento do canal medular e do osso cortical nas
falhas preenchidas com os granulos de H.A. Tipo | (0.212p),Tipo Il (0.500 p) e Tipo Il (1.00y). A: 30 dias de pés operatério. B: 90 dias de
poés-operatério. C: 180 dias de pds-operatério
Figure 5 - Showing radiological evaluation of the remodeling of medullar canal and of the cortical in the defects filled up with Type |
(0.212pm) HA, Type Il (0.500um) HA and Type Il (1.00um) HA. A: 30 daya after surgical procedure. B: 90 days after surgical procedure.
C:180 days after surgical procedure.
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mento da falha 6ssea em 60% dos fémures preenchidos com a
hidroxiapatita do tipo |, em 30% preenchidos com a HA do tipo
Il e tipo Ill. No grupo controle todos as falhas apresentavam a
formacéo 6ssea maxima. O remodelamento completo da corti-
cal foi observado em 70% das falhas preenchidas com a HA do
tipo I, 20% do tipo Il e 40% do tipo lll, sendo completo em todos
0s animais do grupo controle.

Na avaliacao radiolégica com 180 de pds-operatério a iden-
tificagcao dos diferentes tipo de hidroxiapatita ndo era nitida como
nos grupos anteriores. A reagéo periostal ainda estava presen-
te, porém em menor quantidade. Todos 0s grupos experimen-
tais, incluindo o grupo controle, apresentavam preenchimento
total das falhas 6sseas com tecido 6sseo e remodelamento com-
pleto da cortical em 100% dos animais.
(Figura 4,5,6 e 7)

HA and 40% with Type Il HA; complete remodeling was noticed
in all animals of the control group.

In the radiological evaluation performed 180 days after the
surgical procedure the identification of the different types of hydro-
xyapatite was not as sharp as in the previous groups. Periosteal
reaction was still present, although in smaller amounts. In all
experimental groups, including the control group, the bone de-
fects were totally filed with bone tissue and complete cortical
remodeling was observed in 100% of the animals. (Figures 4, 5,
6 and 7).

The bone defects shown in the X-rays as measured by me-
ans of a caliper in animals of Group llI
showed a reduction in size in all cases.

6211 pm
O resultado do estudo da mensu-

0.500 um

163G pm This fact was considered statistically

racao das falhas ésseas nas radiogra-

Anferoposterior | Profle

significant in the 180-day post-operati-
ve period as compared to the immedi-

Profile Profile

fias, por meio da utilizagdo do paqui-
metro nos animais do grupo Ill, mos-

ate post-operative period, while in the

| o T

trou que houve reducdo do tamanho

[Tt | X

other study periods (30 and 90 days)
the reduction in the size of defects was

| St |Crn | ke Ceim | Ay

das falhas 6sseas em todos 0s casos. w5 N s

not statistically significant (Table 2)

A reducdo do tamanho das falhas
6sseas foi considerado estatisticamen-

TI-T3 |8 S 5 8 5 8

2-T3 N

te significativo no periodo de 180 dias

de pds operatdrio em relagao periodo

Histological evaluation
The histological evaluation perfor-

pos operatério imediato, enquanto que L= el aflersugery

N =Non-significant difference

med 30 days after the surgical proce-

nos outros periodo do estudo (30 e 90 To=A30 fays gy

§="Significant difference

dure showed osteochondral union in

dias) a reducéo das falhas néo foi es-

e e T3 = A99 daye of th
tatisticamente significativa (Tabela 2) e

80% of the defects filled with Type |

Avaliagdo Histol6gica

A avaliagéo histologica com 30 dias
de pds-operatério evidenciou unido
osteocondral em 80% das falhas pre-
enchidas com a hidroxiapatita do tipo |

Tabela 2 - Relagao do valor de significancia da
diminuicdo das dimensdes das falhas produzidas
com o tempo de pés-operatorio.

Table 2 - Relationship of significance values of
decreasing dimensions of bone defects produced
as a function of time after surgical procedure.

hydroxyapatite and in 90% of the de-
fects filled with Type Il hydroxyapatite
(Figures 8,9 and 10). Reorganization
of the spongy bone was observed, with
presence of osteoclasts in 30% of the
defects filled with Type | HA and in 10%
of the defects filled with Type Il hydro-

Figura 6 - Radiografias com 90 dias de p6s-operatério das falhas 6sseas preenchidas com a HA do tipo | (A), tipo Il (B), tipo Ill (C) e
controle (D).Observar o aumento da reacgédo periostal em relagdo ao periodos anteriores, e a completa reorganizagdo da falha no grupo
controle.

Figure 6 - Radiographies 90 days after surgical procedures of bone defects filled up with Type | HA (A), Type Il (B), Type Il (C) and
control (D). Notice the heightened periosteal reaction compared to former periods, and the complete reorganization of the defect in the
control group. radiographies 180 after surgical procedure of the defects filled up with Type | HA (E), Type Il Ha (F), Type Il HA (G) and
control (H). Notice the diminution of periosteal reaction in defects in comparison with 90 days after surgical procedures and the
reorganization of bone defect.
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e em 90% das falhas preenchi-
das com a hidroxiapatita tipo I 120 -
(Figura 8,9 e 10). Foi observa-
do reorganizag¢do do 0sso es-
ponjoso com a presenca de 0s- 80 A
teoclastos em 30% das falhas &0 4
preenchidas com a hidroxiapa-
tita tipo | e em 10% nas falhas
onde utilizou-se a hidroxiapa- 0 4
tita tipo Il. O osso cortical es-

100 4

(")

o= e
|
[ .
.

xyapatite. The cortical bone
was being formed in 90% of the
femurs filled with Type | hydro-
xyapatite and in 70% of the ca-
ses where Type Il HA was em-
ployed. Inthe femurs filled with
Type Il hydroxyapatite, fibrous
union was observed in the de-
fect, and the beginning of
spongy and cortical bone for-

tava sendo formado em 90%
dos fémures preenchidos com

e lll

ontrol [

@ i) Q)
a hidroxiapatita tipo | e em 70% glatal ) o
dos casos que utilizou-se o tipo = F . '_.. ~E
Il. Nos fémures preenchidos 30 days

com a hidroxiapatita tipo ll, foi
observado unido fibrosa na fa-
Iha com inicio de formacao de
0SSO esponjoso e cortical em
50% dos casos, sendo que o
restante ndo apresentava indi-
cios de unido 6ssea, bem como
presenca de atividade celular
ou inicio de formacéo de osso
esponjoso ou cortical.(Figura
11,12 e 13)

Com 90 dias de pos-ope-
ratorio foi observado a unido
Ossea na falha em 90% dos fémures preenchidos com granu-
los de hidroxiapatita do tipo | e Il e unido osteocondral em 100%
das falhas que foram preenchidas com hidroxiapatita do tipo Ill.
O 0sso esponjoso estava completamente organizado em 70%
das falhas preenchidas com as hidroxiapatita tipo | e Il e parci-
almente organizado em 70% das falhas preenchidas com a hi-
droxiapatita do tipo Ill.

O osso cortical estava parcialmente organizado em 90% dos
casos nos quais foi utilizado o granulo do tipo | e em 50% dos
fémures preenchidos com gréanulos do tipo | ou II.

Na avaliagdo com 180 dias de p6s-operatorio a reorganiza-
¢ao da falha 6ssea foi observada em 100% dos casos nos quais
foi utilizada a hidroxiapatita tipo | e tipo Il, e em 80% dos fému-
res preenchidos com a hidroxiapatita do tipo lll. Observou-se
completa reorganizacdo do 0sso esponjoso para todas falhas
estudadas. A parte cortical estava completamente reorganiza-
da em 70% dos casos preenchidos com os granulos do tipo | e
tipo Il e em 60% dos casos preenchidos com o tipo lll. Os dife-
rentes tipos de granulos de hidroxiapatita utilizados ainda podi-
am ser vistos, porém notou-se uma diminuigdo na quantidade
de granulos de hidroxiapatita do tipo | (0.212p) em relacéo aos
periodos anteriores para o mesmo tipo de hidroxiapatita utiliza-
da.

DISCUSSAO

A influéncia das dimensdes dos granulos de HA na sua in-
tegracdo com o tecido 6sseo tem sido relativamente pouco es-
tudada, considerando-se a atencdo que tem sido dispensada
nos Ultimos anos ao estudo dos materiais ceramicos emprega-
dos na substituigdo do tecido 6sseo.
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Figura 7- Gréfico ilustrando a presenca e intensidade da reacéo
periostal observada no estudo radiol6gico. Observar a presenca
de reacgédo periostal mais intensa com 90 dias de pés-operatério.

Figure 7 - lllustrating the presence and the intensity of
periosteal reaction observed in the radiological study. Notice the
presence of more intense periostal reaction 90 days after
surgical procedure.

mation in 50% of the cases,
while the rest showed no evi-

ell
e lll

ontrol |
/ |
ontrol [

) [ H [ H
glojgifaital dence of bone union, presen-
=M E ': = ce of cell activity or formation
days . 180 days of spongy and cortical bone
al Reaction (Figures 11, 12 and 13).

Ninety days after the surgi-
cal procedure, the defect pre-
sented bone union in 90% of
the femurs filled with granules
of Types | and Il hydroxyapati-
te, and osteochondral union in
100% of the defects filled with
Type Il hydroxyapatite. The
spongy bone showed comple-
te organization in 70% of the
defects filled with Types | and
Il hydroxyapatite, and partial organization in 70% of the defects
filled with Type Il hydroxyapatite.

The cortical bone was partially organized in 90% of the cases
where granules of Type | HA were used, and in 50% of the femurs
filled with granules of Types | or Il

The evaluation performed 180 days after the surgical proce-
dure showed reorganization of the bone defect in 100% of the
cases where Types | and Il HA were used, and in 80% of the
femurs filled with Type Ill hydroxyapatite. In all defects studied,
the spongy bone showed to be totally reorganized. The cortical
portion was totally reorganized in 70% of the cases where granu-
les of Types | and Il were used, and in 60% where Type Il HA was
used. The different types of hydroxyapatite granules employed
could still be seen, although a decrease was noticed in the amount
of Type | AH granules (0.212 pm) as compared to previous perio-
ds for the same type of HA employed.

DISCUSSION

The influence of the size of HA granules on its integration to
bone tissue has not been studied in proportion with the attention
given during the last few years to the study of ceramic materials
employed to replace bone tissues.

The hydroxyapatite employed in our study is a synthetic bio-
ceramic material similar to the one we used in previous studies
@ it was sintered at 1,100 °C and the size of its pores varies from
1to 10 um. This type of HA is different from natural hydroxyapa-
tite from corals, which are chemically converted through hydro-
thermal exchanges.
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A hidroxiapatita utilizada em nosso estudo é uma biocera-
mica sintética, semelhante a que utilizamos em estudos anteri-
ores®, sendo essa HA sinterizada a uma temperatura de
1.100°C, e possuindo poros que variam de 1 a 10y. Esse tipo
de HA difere da hidroxiapatita natural, que é oriunda dos co-
rais, e que sdo submetidas & uma converséo quimica por meio
de trocas hidrotermais.

Optamos em nosso trabalho, como outros autores®®!?, pela
utilizacdo do rato como animal de experimentagdo, principal-
mente pela disponibilidade d aquisi¢cdo desses animais, e pela
sua resisténcia aos procedimentos cirdrgicos realizados. No
entanto, apesar do modelo experimental ter sido adequado para

Like other authors®%!2 we chose to use rats in our study as
experimental animals, mainly because they are easily available
to be acquired, and also due to their resistance to the surgical
procedures performed. However, although the experimental
model was appropriate to meet the needs of the study, it is worth
reminding that the bone marrow of these animals is different from
the human spongy bone®, the same occurring in rabbits used
by other authors® in trials using HA.

We noticed in our study that the three sizes of HA granules
employed (212 pm, 500 pum and 1000 pm) were satisfactory in
the sense of filling up the bone defect after six months. However,

Figura 8 - Fotografias de laminas
histolégicas de falhas 6sseas de fémures
de ratos, preenchidas com granulos de
hidroxiapatita do tipo | (212p), ap6s 30 (A),
90 (B) e 180 dias (C) de evolucéo,
evidenciando unido éssea (1), 0sso
esponjoso (2) e presencga de 0sso cortical
(3) (20x ).Observar presenca de granulos
de H.A. na falha (A) e reorganizacdo do
0SS0 esponjoso e cortical da falha (C).

Figure 8 - Histological slides of bone

defects of femurs of rats filled up with Type |
hydroxpyapatite (0.212um), after 30 (A), 90
(B) and 180 days (C) evolution, showing
evidence of bone union (1), spongy bone
(2) and the presence of cortical bone (3)
(20x). Notice the presence of HA granules
in the defect (A) and the reorganization of
the spongy and the cortical bones of the

defect (C).

ACTA ORTOP BRAS 11(3) - JUL/AGO, 2003

Figura 9 - Fotografias de laminas histologicas
de falhas 6sseas de fémures de ratos,
preenchidas com grénulos de hidroxiapatita do
tipo Il (500p), nos periodos de 30 (A), 90 (B) e
180 dias (C) de po6s operatério,
demonstrando o tipo de unido 6ssea na falha
(1), formagéo de 0sso esponjoso (2) e
reorganizacao de osso cortical (3)
(20x).Observar reorganizacdo da falha 6ssea

©.

Figure 9 - Histological slides of the bone
defect of femurs of rats filled up with
hydroxyapatite granules Type Il (0.500um), in
periods of 30 (a), 90 (B) and 180 (C) days after
the surgical procedure, showing the kind of
bone union in the defect (1), the formation of
spongy bone (2) and the reorganization of the
cortical bone (3) (20x). notice the reorganiztion
of the bone defect (C).

Figura 10 - Fotografias de laminas
histologicas de falhas 6sseas de fémures de
ratos, preenchidas com granulos de
hidroxiapatita do tipo Ill (100p), nos
periodos de 30 (A), 90 (B) e 180 dias (C) de
pos-operatorio, a presenga de unido dssea
(1), reorganizacdo de 0sso esponjoso (2) e
formagéo de osso cortical (3) (20x).
Observar unido fibrosa (1A), unido
osteocondral (1B) e completa
reorganizacao da falha (C).

Figurel0 - Histological slides of bone
defects of femurs of rats filled up with
hydroxyapatite granules Type Il (100um), in
periods of 30 (A), 90 (B) and 180 (C) days
after surgical procedure, the presence of
bone union (1), reorganization of the spongy
bone (2) and the formation of cortical bone
(3) (20x). Notice the fibrous union (1A), the
osteochondral union (1B) and the complete
reorganization of the defect (C).
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atender as necessidades do estudo, deve ser lembrado o fato
de que a medula 6ssea do animal utilizado difere do osso es-
ponjoso humano®, assim como ocorre nos coelhos, os quais
foram utilizados por outros autores® em estudos experimentais
com HA.

Observamos em nosso estudo que as trés dimensdes de
granulos de HA utilizados (212 1, 500 p e 1000p) foram satisfa-
téria para que ocorresse o total preenchimento da falha 6ssea
apos seis meses. No entanto, observamos que o preenchimen-
to da falha 6ssea ocorreu em menor periodo de tempo com a
utilizagdo dos granulos menores (212 y). Kurada® em estudo
experimental em coelhos e utilizando gréanulos de HA variando
de 300 a 2000 y, observou também maior neoformagéo 6ssea
nas falhas ésseas preenchidas com os granulos de menor ta-
manho.

Shapoff et al.*¥ consideram que as particulas com tamanho
entre 100 a 300 p apresentam reabsorcdo mais rapida, maior
area de superficie e atuam como material osteocondutor. Esses
autores acreditam que a utilizacédo de particulas de menor ta-
manho impediria a migracdo e o crescimento intrinseco das
células ou vasos sanguineos, e a conseqlente formagao 0s-
sea. Ushida et al.* observaram também em estudo experimental
que as particulas de 300 p foram as mais apropriadas, tendo
sido as particulas menores (40 W) observadas ao longo dos pro-
longamentos dos corpos celulares. Os granulos com dimen-
sBes entre 10 a 50 u poderiam ser fagocitados por células como
o0s macroéfagos ou fibroblastos, devido as suas dimensdes re-
duzidas®® ¥, N&o foi observado processo de fagocitose em
nosso estudo, estando a nossa observagédo de acordo com 0s
relatos acima mencionados.

Na avaliagdo radiolégica foi observado que a defini¢cdo dos
granulos de HA ficava mais discreta e evidente nas falhas dsse-
as preenchidas com os granulos menores (212), estando esse
fato provavelmente relacionado com o crescimento intrinseco
do tecido 6sseo e atividade osteoclastica associada a incorpo-
racdo da HA"1L12,

Semelhante as observacdes de Croci et al.? o remodela-
mento 4sseo ocorreu inicialmente no canal medular, seguido
pelo remodelamento do osso cortical. Esse fato foi observado
em ambos 0s grupos experimentais, tendo sido observado mais
precocemente nas falhas preenchidas com os granulos meno-
res (212 1) e em periodos mais tardios nas falhas preenchidas
com granulos maiores (1000 p ). No final do seguimento radio-
I6gico foi observado uma diminui¢éo, apesar de ndo ser signi-
ficativa, dos granulos de menor tamanho (212 u )no interior das
falhas. N&o tendo sido observado diminui¢cdo dos granulos de
maior tamanho no interior das falhas dsseas.

A reacao periostal foi observada somente apos 30 dias, tor-
nando-se mais intensa no periodo de 90 dias e menos evidente
nas radiografias realizadas com 180 dias apds o procedimento
cirirgico. Em estudos anteriores® observamos essa reagéo
periostal somente no primeiro més de pds-operatorio e atribui-
mos a sua presencga ao trauma cirdrgico. No entanto, essa ex-
plicagéo para o aparecimento da reagao periostal ndo seria con-
vincente para as observacdes do estudo atual, permanecendo
esse achado sem explicagdo convincente.

O grupo controle apresentou em todos os animais, comple-
to preenchimento da falha éssea e completo remodelamento
do osso cortical durante a avaliagdo radiologica realizada com
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we observed that bone defects were filled in a shorter time when
smaller (212 um) granules were used. In a trial using rabbits and
300 um to 2,000 um HA granules, Kurada® also observed a hi-
gher formation of new bone in bone defects filled with smaller
granules.

Shapoff et al® believe that particles whose sizes vary from
100 to 300 um show faster resorption, their surface area is larger
and they act as an osteoconductive material. These authors be-
lieve that the use of smaller particles would prevent cells or blo-
od vessels from migrating and intrinsically growing, with conse-
guent bone formation. Ushida et al*® also observed in a trial that
particles measuring 300 um were the most appropriate and that
smaller particles (40 pm) were observed along the extensions of
cell bodies. The 10 - 50 pm granules might be phagocytized by
cells such as macrophages and fibroblasts due to their small
size%14, No phagocytosis process was observed during our stu-
dy, which is consistent with the above-mentioned reports.

It was observed in the radiological evaluation that the definiti-
on of HA granules would become more discreet and evident in
bone defects filled with smaller (212 pm) granules and most like-
ly this fact was related to the intrinsic growth of bone tissue and
the osteoclastic activity associated with HA incorporation(1%12),

Similarly to the findings by Croci et al®, bone remodeling
occurred originally in the medullar canal, followed by cortical bone
remodeling. This fact was seen in both test groups, although it
was seen earlier in bone defects filled with smaller granules (212
pum) and in later periods in bone defects filled with larger granu-
les (1000 um). At the end of the radiological monitoring, a de-
crease in the smaller granules inside the defects was observed
(212 pm), although non-significant, and no significant decreases
in the larger granules was observed inside the bone defects.

Periosteal reaction was observed only after 30 days, which
became more intense within 90 days and less evident in the X-
rays made 180 days after the surgical procedure. In previous
studies @ we observed such periosteal reaction only during the
first month after the surgical procedure and associated its pre-
sence to surgical trauma. However, this explanation for the appe-
arance of periosteal reaction would not be convincing as regar-
ds the observations made in this study, so this finding still lacks a
proper explanation.

All animals in the control group presented bone defects to-
tally filled and a complete remodeling of cortical bone during the
radiological evaluation performed 90 days after the surgical pro-
cedure. Also, it was noticed that in HA-filled bone defects the
growth of newly formed bone tissue has occurred later as com-
pared with the control group. Such findings might be related to
the small dimensions of the bone defect (5 mm), although the
production of larger defects would place the bone structure at
risk, since it might be fractured, preventing the study to be com-
pleted.

Considering the above-mentioned restrictions imposed by the
experimental model, it was possible to observe that the hydro-
xyapatite employed in our study was biocompatible, allowing the
bone defect to be repaired, although in a larger period as com-
pared with the control group; also, the bone defect repair has
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Figura 11 - Gréficos ilustrando os resultados da avaliacéo histolégica em relagéo ao tipo de unido 6ssea nas falhas
preenchidas com os granulos de H.A. do Tipo | (0.212p), tipo Il ( 0.500u) e Tipo IlI( 1.00u) e o controle, apos 30 (A), 90 (B) e
180 (C) do procedimento cirurgico.

Figure 11 - lllustrating the results of the histological evaluation of the kind of bone union of the defects filled up with HA granules Type |
(a.212um), Type Il (0.500um) and Type Il (1.00um) and the control, 30 (A), 90 (B) and 180 (C) days after surgical procedure.
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Figura 12- Gréficos ilustrando os resultados da avaliagéo histologica relacionada com a reorganizagdo esponjosa nas falha
preenchidas com os granulos de H.A. do Tipo | (0.212p), tipo Il ( 0.500u) e Tipo Ill (1.00u) e o controle, apos 30 (A), 90 (B) e

180 dias (C) do procedimento cirdrgico.

Figurel2 - lllustrating the results of histological evaluation of the spongy reorganization of defects filled up with HA granules Type |
(0.212pum), Type 11 (0.500um) and Type Il (1.00pum) and the control, 30 (A), 90 (B) and 180 (C) days after surgical procedure.
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Figura 13 - Gréficos ilustrando os resultados da avaliagéo histologica relacionada com a reorganizacéo do osso cortical nas falhas
preenchidas com os granulos de H.A. do Tipo | (0.212p), tipo Il ( 0.500u) e Tipo Il (1.00u) e o controle, com 30 (A), 90 (B) e

180 dias (C) ap6s o procedimento cirdrgico.

Figure 13 - lllustrating the results of the histological evaluation of the reorganization of the cortical bone in the defects filled up with HA
granules Type | (0.212um), Type Il (0.500um) and Type Il (1.00um) and the control, 30 (A), 90 (B) and 180 (C) days after surgical procedure.
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90 dias de pds-operatério. Foi também observado que nas fa-
Ihas 6sseas preenchidas com a HA o crescimento do tecido
6sseo neoformado ocorreu mais tardiamente, quando compa-
rado com o grupo controle. Esses achados poderiam estar re-
lacionados com as pequenas dimensdes da falha 6ssea (5 mm),
mas a realizacdo de falhas de maiores dimensdes, colocaria
em risco a estrutura do 0sso, que poderia apresentar fraturas,
comprometendo a realizagdo do estudo.

Considerando-se as restricdes impostas pelo modelo expe-
rimental e que ja foram apresentadas, foi possivel observar que
a hidroxiapatita utilizada no estudo foi biocompativel e permitiu
a reparacao da falha éssea, ainda que em periodo maior que o
observado no grupo controle, tendo sido observado que a re-
paracdo da falha 6ssea ocorreu em menor periodo de tempo
nas falhas ésseas em que os granulos de HA de menor dimen-
sdo foram utilizados.

CONCLUSOES

A hidroxiapatita utilizada no estudo foi biocompativel e per-
mitiu a remodelagdo da falha dssea produzida no animal. A re-
modelacéo da falha 6ssea ocorreu em menor periodo de tem-
po nas falhas ésseas preenchidas com os granulos de HA de
menor tamanho ( 212 p). Nos animais controles em que a falha
6ssea ndo foi preenchida com a HA a remodelacdo da falha
é6ssea ocorreu em menor periodo de tempo, segundo a avalia-
¢do radiologica.
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