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Caracteristicas del TCH

Ceramica de sintesis.

Composicion quimica : 75% Hidroxiapatita (HAP) 25% Fosfato Tricalcico f ( TCP)
Formas : granulos de 2-3 mm

bastonillos - bloques - cylindros - cufias
Porosidad interconexa : 60-80%
Tamafio de poros : 200a500micrones.
Esterilizacion : Rayos Gamma con una de dosis minima de 25 kGy
Resistencia en compresion : 1 a5 MPa(granulos - bastoncillos) ;

>5 MPa (bloques - cufias - cilindros)

1. Ceramica de sintesis

La ceramica es una materia inorganica, que no es metalica, elaborada artificialmente partiendo de
mezclas de minerales en polvo dentro de una argamasa, consiguiendo una suspension liquida
cuya temperatura y presion se ven aumentadas para realizar el proceso llamado sinterizacion.

Se distinguen entre las ceramicas, las ceramicas de sintesis o ceramicas técnicas que difieren de
las ceramicas artesanales al ser elaboradas de forma industrial con lo cual estan controladas la
composicion de las mezclas y las etapas de la sinterizacion.

Una ceramica esta caracterizada por su microestructura que describe la ubicacién de los cristales
de polvo, sus dimensiones, su composicion y las relativas proporciones de fase cristalina e
amorfa. En regla general, en una ceramica, los cristales de minerales (granos en polvo) se
encuentran soldados entre si por una fase amorfa (que tiene la estructura de un vidrio) constituyen
las juntas de los granos cuyas composiciones son funciones de los granos y de la suspension.

El TCH es elaborado con un polvo obtenido por precipitacion quimica. Este polvo es mezclado con
agua y con un agente porogeno bajo el aspecto de bolitas calibradas. Una sinterizacion de 1200°C
permite una solidificacion de la suspension por sublimado del agente porogeno y fusion parcial de
los cristales. La utilidad del agente porogeno reside en la obtencién de poros interconectados de
controladas dimensiones.

Poros interconectados
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La macroporosidad del TCH ha sido establecida para conseguir una colonizacién ésea optima.
Todas las publicaciones reconocen que la talla optima para los poros se sitla entre 200 y 500
micrones. La interconectividad de los poros permite un crecimiento 6seo que se realiza por
penetracion progresiva de la periferia hacia el centro del implante.

2. Composicion quimica

El TCH es una ceramica hifasica por consecuente realizada por una mezcla de fosfatos de calcio :
- 75% de hidroxiapatita 0 HAP ;
- 25% de fosfato tricalcico § o TCP.

La mezcla de estos dos fosfatos de calcio es quimicamente muy cercana de la composiciéon de la
parte mineral del hueso que es una apatita carbdnica.

Las velocidades de disolucién de los fosfatos de calcio son diferentes. En el pH del organismo, la
HA es muy poco soluble y permanece durante varios afios. Su presencia asegura al implante una
cierta perennidad.

El TCP es muy soluble en el organismo. Cuando se disuelve, libera iones de calcio y iones de
fosfato que pueden promover la osteogénesis.

Efectivamente, se considera que los iones de calcio son los precursores de ciertos mecanismos
de diferenciacién de la células osteoprogenitoras en las células oseas. Por otro lado, la saturacion
en iones favorece la precipitacién de microcristales de fosfato de calcio, cristales que se vuelven
centros de nucleacion en la osteogénesis. El TCP es altamente bioactivo.

Solubilidad
I}

TCP

4 5 6 7 8 pH

solubilidad vs pH
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La elecciéon de unas proporciones 75% HAP / 25% TCP es consecuencia de los trabajos de
Frayssinetl. La osteointegraciéon exprimida por el porcentaje de superficie del implante en contacto
con el hueso neoformado es medido después de 2,4 y 9 meses para ceramicas cuyas
composicion en HAP varian de 100%, 75% y 50%. La osteointegracién de la HAP pura es siempre
muy baja independientemente del tiempo. Las ceramicas bifasicas presentan sin embargo
excelentes resultados, 75% HAP siendo el mejor compromiso.
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bone contact (cortical region). Implants :
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B 50% HA.

Porcentaje del perimetro del implante en contacto con
el hueso neoformado."

La ceramica bifasica TCH asocia en su composicion optimizada dos sustancias cuyas
propiedades se completan : persistencia en el tiempo para la HA y fuerte bioactividad inmediata

para el TCP.
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3. Resistencia en compresion

Como toda ceramica macroporosa, el TCH es fragil. Su resistencia en compresion es del orden de
1 - 5 MPa (granulos — bastoncillo) y > 5 MPa (bloques — cilindros — cufias) mientras la resistencia
del hueso esponjoso fresco varia de 1 a 15 MPa.

El TCH no debe ser utilizado directamente en compresion a menos de que un dispositivo metalico
(placa, fijador externo,...) venga a actuar como puente para evitar que las presiones provoquen un
aplastamiento de las ceramicas.

Las propiedades mecanicas de la ceramica implantada mejoran sin embargo rapidamente como lo
demuestran los trabajos del Sr TRECANT?, la colonizacién 6sea transforma la ceramica en un
material cuya resistencia en compresién aumenta proporcionalmente con el tiempo.
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4. Seguridad bioldgica
4-1. biocompatibilidad

La introduccion del TCH en el organismo no provoca reacciones. Cuando el TCH se disuelve,
libera los iones de calcio y fosfato idénticos a los que ya se encuentran normalmente en la
sangre. En consecuencia no presenta ninguna toxicidad.

El uso ortopédico de los fosfatos de calcio es autorizado por la FDA desde 1982.

El TCH es un injerto 6seo de sintesis que, al contrario de los injertos de origen animal o humano,
no lleva sustancia organica alguna susceptible de provocar una reaccién inmunolégica del
organismo.

4-2. Contaminacién

Al contrario de ciertos injertos 6seos de origen animal o humano, el uso del TCH no presenta
riesgo alguno de contaminacion microbiana (viruses o priones).

La Esterilizacion se hace mediante rayos gamma de una dosis minima de 25 kGy segun la Norma
EN 552. Un detector de esterilizacion se cambia al rojo cuando el implante ha recibido la dosis
requerida.

El acondicionamiento se hace segln la norma NF S 90-438-2 con un doble envase estéril y una
caja de cartén recubierta de un plastico etiquetado en conformidad con las exigencias esenciales
de la directiva europea 93/42/CEE. El modo de empleo dentro de la caja esta en conformidad con
las exigencias esenciales de la directiva.

Todo frasco de TCH debe ser obligatoriamente desechado.
Uso Unico solamente. Np volver a esterilizar.

Referencias bibliograficas :

! Frayssinet y col. «Osteointegration of macroporous calcium phosphate ceramics having a
different chemical composition.» - Biomaterials 1993, Vol.14 N°6.

2 Trecant y col. «Influence of post-implantation phyco-chemical changes in a macroporous ceramic
on its mechanical strength.» - Journal of Materials : Materials in Medecine 7 (1996) p. 227-229.
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Experimentacion animal

Protocolo

Las implantaciones han sido realizadas en el cordero.

Unas cavidades cilindricas de 6 milimetros de diametro han sido realizadas en diferentes partes
oseas, corticales o esponjosas, que han sido rellenadas por granulos del TCH. Tomas histolégicas
realizadas después de 6 a 12 semanas son comparadas con la evolucion de las

cavidades idénticas no colmadas.

Resultados
1. Osteoconduccion

El TCH es sumamente osteoconductor, cuando el implante se encuentra en el hueso, una
colonizacion ésea intensa tiene lugar en su superficie.

Al cabo de 6 semanas, en la esponjosa, cuando el orificio ha sido bien llenado, se puede observar
una neoformacién 6sea con progresion centripeta recubriendo la ceramica y alcanzando los
macroporos interconectados en el centro de la cavidad (imagen n°1).

Imagen n°1: osteoconduccién al cabo de 6 semanas
1a) vista global : La neoformacién ésea alcanza la parte

central de la cavidad que esta enteramente rellenada.
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1b) detalle :
Ol : hueso inmaduro neoformado

OA : hueso primitivo de tipo esponjoso
C : ceramica

La colonizacién se hace por invasion de los tejidos y de los vasos partiendo del tejido 6seo del
paciente en ausencia de ceramica o de contacto oseo-ceradmico no se produce formacion 6sea
(imagen n° 2).

- —
=" © ,/
Imagen n°2: Al cabo de 6 semanas, cavidad no rellenada por la cerdmica.
La parte ocupada por el hueso no es importante.
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El hueso nuevo se forma por aposicién, directamente en la superficie de la ceramica, sin
interposicion fibrosa. Los osteoblastos se diferencian a partir de los fibroblastos del tejido
conjuntivo. Al cabo de 6 semanas, el hueso neoformado es de tipo inmaduro como lo indica la
talla de las lagunas osteocytarias.

2. Osteointegracioén

Al cabo de 12 semanas, el implante esta totalmente recubierto por el tejido éseo en toda su
superficie sin interposicion fibrosa.

2 h! P 3 ./
Imagen n°3: Osteointegracién del lugar esponjoso al cabo de 12 semanas. Los macroporos
estan totalmente colmados por el hueso modificandose en aposicién con la superficie de

la ceramica. Fragmentos de ceramica desprendidos y igualmente integrados.
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Principio de la resorcién (fragmentacién) de la ceramicay reconstruccién 6sea (imagen n°4).

Imagen n°4 : Osteointegracién y reconstruccién en la cortical 6sea cabo de 12 semanas. Crecimiento 6seo masivo.
Principio de reconstruccién 6seo haversiano periférico. Fragmentacion y reabsorcién importante del material ;

OA : hueso primitivo de tipo cortical ; ON : hueso neoformado ;

H : reconstrucién haversiano ; C : ceramica.

3. Reconstruccion 6sea

En la cortical, al cabo de 12 semanas el hueso es de tipo laminar con un principio de organizacion
haversiana a la periferia.

En la esponjosa, la neoformacién ésea se orienta hacia el tipo trabecular.

4. Resorcion de la cerdmica

Al cabo de 12 semanas se nota una fragmentacion de la cerdmica cuya estructura macroporosa
desaparece, el componente tricalcico notablemente soluble en el pH del organismo esta en fase
de resorcion aguda como indica la presencia en el sitio de varios macrofagos cargados de
material exégeno.

La reconstruccion es un fendmeno global, los osteoblastos activos son visibles tanto en la
superficie de la ceramica que en la superficie del hueso (imagen n°5).
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Imagen n°5 : reconstruccién 6sea al cabo de 12 semanas.

Reconstruccién 6sea : los osteoclastos destruyen el hueso inicial, los osteoblastos depositan el hueso nuevo.
Resorcion de la cerdmica : actividad clasica contra la cerdmica, actividad fagocitaria intensa de los macrofagos
cargados de material exégeno.

Ol : hueso inmaduro ; Oc : Osteoclasto ; Ob : frente de mineralizacién osteoblastico ;

M: macréfago ; C: cerdmica.
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Revista clinica multicentra
Resumen : con respecto a 138 casos

196 pacientes intervenidos entre el 1/04/93 y el 31/08/97.

El estudio se ha realizado con 121 pacientes intervenidos entre el 1/04/93 y el 31/10/96, con una
perspectiva de 10 a 53 meses.

El estudio se ha hecho en 59 mujeres y 62 hombres, de 14 a 94 afios de edad.
El TCH ha sido implantado en 138 emplazamientos anatémicos, habiendo algunos pacientes con

varias implantaciones.

El seguimiento ha sido hecho de forma continuada y sin ningun criterio de exclusion.

1. Emplazamientos

Los emplazamientos son muy diversos como indicados en el dibujo n°1.

2. Indicaciones

Las indicaciones estan reunidas en los dos cuadros siguientes :

Cirugia aséptica : 128 casos

Fracturas diafisarias 12
Fracturas epifisarias 28
Pseudoartrosis 17
Tumores benignos 09
Metéastasis 04
Injertos 17
Injertos después de AMO 11
Reintervencion de protesis total de cadera 15
Osteotomias 03
Artrodesis 10
Tope de retencion de cadera 02

Cirugia séptica : 10 casos

Fracturas abiertas 04
Fracturas recientemente infectadas 01
Pseudoartrosis infectada 01
Osteltis del tibia distal 03
Artrodesis de la rodilla 01
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2.1) Traumatologia

En traumatologia, una osteosintesis ha sido siempre asociada con TCH. En medio séptico, la
osteosintesis ha sido realizada con un fijador externo de tipo FESSA. En todos los casos, el TCH
ha sido utilizado para rellenar el espacio que existia entre el hueso esponjoso y el canal medular.

2.2) Reintervenciones de prétesis

Para las reintervenciones de prétesis cimentadas, el TCH ha sido utilizado para rellenar los
espacios en el cotilo.

2.3) Asociacién TCH- hueso esponjoso

El TCH ha sido utilizado :

- solo 117 veces ;

- asociado con hueso esponjoso o hueso cortico-esponjoso del mismo sujeto 10 veces ;
- asociado a un injerto heterogeno 11 veces.

3. Resultados
3.1. resultados clinicos

- Tolerancia

Ninguna reaccién inflamatoria cutanea, ningin derrame séptico o aséptico han sido encontrados,
cual sea la localizacién o la indicacién. La excelente tolerancia ha sido confirmada por las
implantaciones en medio séptico, en particular en el caso de 3 osteitis tratadas por Papineau.

- Consolidacion
Las fracturas diafisarias han sido declaradas consolidadas al cabo de 3 0 4 meses. La formacion y
mineralizacion del callo 6seo se han producidos en plazos normales.

El relleno por importantes perdidas de substancia diafisarias ha sido siempre seguido de una
consolidacion a corto plaza (aproximadamente 3 meses). Tal ha sido el caso con perdidas de
sustancia cortical lateral donde la ceramica ha remplazado el injerto de hueso esponjoso con los
mismos resultados.

Pero el TCH no es suficiente para asegurar la consolidaciéon de una fractura diafisaria compleja, la
estabilidad de la osteosintesis es fundamental. Un caso muy reciente para esta recopilacion
confirma esta reserva, una osteosintesis inestable del humero a evolucionado hacia la rotura del
implante a pesar de la presencia del TCH.

- Reintervenciones de protesis
Se han presentado siempre hasta ahora buenos resultados, pero la perspectiva en este caso es
aun insuficiente.

- Artrodesis
La consolidacién ha sido confirmada en 9 casos sobre 11. 1 caso se ha perdido de vista y una
artrodesis del escafoides con el semilunar a evolucionado hacia una speudoartrosis dura.

3.2. resultados radiologicos

- en emplazamientos esponjosos
Desde el primer mes, se nota una lisis periférica de la ceramica. Esta alteracién «en estrellas» es
particularmente visible en los elementos alejados.

Al cabo de 2 o 3 meses, los granos parecen integrarse en un tejido travecular asegurando la
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continuidad de las traveculas 6seas del hueso esponjoso vecino.

El conjunto se densifica al cabo de 6 meses. El resto de los granulos radioopacos es totalmente

integrado al hueso esponjoso.

- En emplazamiento cortico-medular

Los granos se encuentran atrapados en el callo cortical y medular, participando de esta manera a

la formacién de un puente que reune las extremidades de la fractura.

Lo que queda de los granulos es aun visible al cabo de 3 afios por la densificacion del hueso

cortical reconstituido.

Los granulos implantados en la medula son transformados de la misma forma cuando se
encuentran cercanos al sitio de la fractura. A cierta distancia, no parecen sufrir colonizacién 6sea.

4. Complicaciones

Los resultados postoperatorios han sido siempre buenos.
La tolerancia es excelente. No han sido sefalados :

- ninguna complicacién general o local ;

- ninguna reaccion inflamatoria ;

- ninguna infeccién incluso en el caso de fuerte sepsis.

Radiologicamente, no han sido observados complicaciones algunas :

- ninguna lisis cortical ;

- ninguna periostitis ;

- ninguna migracién de granulos ;

- ningln osteoma en granulos aislados ;
- ningun ribete.

KASIOS - Mai 2003

16



Conclusiones

Con una perspectiva de mas de 4 afios para los casos mas antiguos, el TCH, injerto 6seo de
sintesis, ha dado hasta hoy entera satisfaccion.

Ceramica de sintesis, el TCH no presenta riesgos infecciosos.
Perfectamente biocompatible, no provoca reaccién inmunitaria.

En los 138 casos de esta revista, este material osteoconductor ha sido utilizado solo o en
asociacion con hueso esponjoso, para rellenar espacios o6seos y aisladamente en
reemplazamiento del hueso esponjoso en traumatologia para fracturas recientes.

Aun poco conocida, esta utilizacion permite simplificar los actos operatorios evitando los
extracciones en particular en el hueso iliaco.

El TCH es un soporte osteoconductor. No debe ser utilizado aisladamente en casos de
pseudoartosis donde una osteoinduccion es necesaria. En todos los casos, tiene que ser asociado
a un autoinjerto de hueso esponjoso con una osteosintesis estable.

El éxito del TCH en las reintervenciones de prétesis de cadera tiene que ser confirmado por una
perspectiva mas importante y si se demuestra que este material de sustitucion puede remplazar el

hueso, la ventaja de esta ceramica seria realmente considerable.

El 31 de Agosto del afio 1997.
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Fractura compleja del Fémur
distal en hueso osteoporotico

MEY 08-93

Osteosintesis lamina placa y relleno por TCH en la cavidad centromedular.
Recuperacion rapida de la carga, muy buenos resultados.

Resultado radiolégico

- en postoperatorio ;

- al cabo de 4 meses (fotografia) ;
- al cabo de 7 meses.

Al cabo de 4 meses, se observa que los granulos se quedan integrados del lado interno del fémur,
donde se encuentran las tensiones mas importantes. Tendencia a la corticalizacién. Bajo la placa,
donde existe un cortocircuito de las tensiones, los granulos conservan una cierta individualidad.

Radiografia al cabo de 4 meses

KASIOS - Mai 2003 18



Osteotomia femoral

FOU 05-95
Osteosintesis lamina placa y granulos de TCH en la linea de osteotomia y bajo periostio interno.

Resultado radiologico :

- en postoperatorio (fotografia) ;

- al cabo de 3 meses (fotografia) ;
- al cabo de 7 meses (fotografia) ;
- al cabo de 19 meses (fotografia).

Radiografia postoperatoria Al cabo de 3 meses

Al cabo de 7 meses, los bordes de los granulos se vuelven borrosos. Se encuentran conectados
por traveculas oseas que aseguran su integracion.

Al cabo de 5 meses, aparicién de un callo interno y consolidaciéon de la misma. Una masa
correspondiente a granulos interconectados se encuentran en la linea de osteotomia.

Al cabo de 19 meses, fusién entre el material de sustitucion y la cortical que se encuentra
reforzada en el sitio de la fractura.
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Radiografia al cabo de 7 meses Radiografia al cabo de 19 meses
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Fractura compleja de la extremidad
superior del tibia con perdida de
sustancia metafisaria

GOl. 02-95
Osteosintesis por placa
Resultado radiolégico :

- al cabo de 3 meses : consolidacién. Traveculacién
- al cabo de un afio (fotografia)

Radiografia al cabo de 12 meses Radiografia al cabo de 24 meses
después dela ablacion del material
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Fractura muy desplazada e
iIrreductible de la cabeza del humero

CRO 01-93
Osteosintesis por placa y relleno de la cavidad con TCH.

Resultado radiolégico :

- en postoperatorio ;

- al cabo de 13 meses ;

- al cabo de 25 meses después de la ablacion del material de osteosintesis (fotografia).

Después de 13 meses, se observa una alteraciéon de la forma geométrica de los granulos cuyos
bordes desaparecen. Los granulos pierden individualidad y fusionan en una masa. Se produce
una aglomeracién entre la masa del material de sustitucién y la cortical en el lugar de la fractura.

Al cabo de 13 meses

Radiografia bostoperatoria

Al cabo de 25 meses, después de consolidacién y ablacion del material, la fusién muy clara se ha
producido entre el sustituto 6seo y la cortical que se encuentra reforzada en el sitio de la fractura.
Traveculas oseas correctamente orientadas unen la masa del sustituto 6seo y la esponjosa
vecina.
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Al cabo de 25 meses después de la ablacién del material
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Fractura compleja articular de la
extremidad inferior del radio con
perdida de sustancia esponjosa.

DUB 09-94

Abordaje anterior. Abertura del canal carpiano y osteosintesis del radio por placa Maconor 2
epifisaria + broche + relleno de la perdida de sustancia por TCH.

Radiografia preoperatoria Control al cabo de 40 dias
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Control al cabo de 5 meses después de la ablacién del material de osteosintesis.

Perfil De Frente
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Artodesis bajo astragalo

SIN 01-94

Osteosintesis por tornillo.
Relleno por TCH del sinus del tarso avivado.

Resultado clinico : consolidacion normal, muy bueno al cabo de un afio.

Resultado radiolégico :
- al cabo de 21 meses (fotografia) después de ablacion de los tornillos.

Al cabo de 21 meses los granulos de TCH ya no aparecen. Han desaparecidos los bordes
geométricos y se han fundido en una masa poco densa en la cual no se les puede localizar.
Traveculas 6seas en continuidad con las de la esponjosa salen del sustituto 6seo. La ceramica, en
este estado, ha sido perfectamente integrada y sigue el proceso de reabsorcion.

Radiografia al cabo de 21 meses
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Artrodesis de la muineca
(poliartritis rumatoide)

CAR 02-94

Mufieca rumatoide con importantes destrucciones osteo-articulares.
Artrodesis con avivamiento de los huesos del carpo. Osteosintesis por placa S1 Maconor 2.
Relleno con TCH de los intersticios.

Resultados clinicos al cabo de 21 meses : mufieca estable e indolora.

Radiografia de frente postoperatoria Radiografia de perfil al cabo de 21 meses
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Poliartritis rumatoide

Artrodesis interfalangiana del pulgar
después del fracaso de 2
autoinjertos

JOL. 03-95

osteosintesis por broches y relleno con TCH puro.

Resultado radiolégico :

- al cabo de 3 meses : granulos de TCH forman una masa , ribete distal ;

- al cabo de 6 meses : consolidacién ;
- al cabo de un afio : pulgar indoloro y estable.

Radiografia al cabo de 10 meses
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Artrodesis tibio-calcanea

HEB. 05-96

Necrosis astragalina bilateral en una joven de 38 afios por lupus eritytematoso.
Astragalectomia, osteosintesis por tornillos, relleno de las perdidas de sustancia por TCH puro.
Carga indolora a los 3 meses.

Resultado radiolégica :

Al cabo de 5 meses, la fusién de los granulos es completa en la zona posterior de tensiones y de
contacto. En la parte anterior cerca de la movilidad medio-tarsiana, la fusiéon de los granulos es
menos avanzada.

Radiografia a los 5 meses
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Fractura abierta con perdida de
sustancia por maquina de serrar

BOI. 03-95

Relleno posterior por esponjosa del mismo sujeto (hueso iliaco) y anterior por TCH ( Dibujo )
Osteosintesis por placa y fijador externo.

Resultado clinico :

- al cabo de 2 meses : incorporacion del TCH, callo ;

- al cabo de 6 meses : ablacion del fijador. Forma de los granulos queda aun visible lejos de la

cortical ;
- al cabo de 1 afio : ablacién de la placa del peroné. Cortical densa, traveculacion a nivel medular.

Radiografia antes de la ablacién del fijador

{ B
4.&

ESPONJOSA

TCH
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Biopsia del tibia al cabo de 1 afno

BOI 03-95

Toma de 3,5 mm de diametro a nivel medular (dibujo).
El extraccion esta constituido por hueso travecular denso cuya estructura haversiana es muy clara

(H).

El TCH esta fuertemente alterado. EI componente tricalcico ha desaparecido y los fragmentos de
ceramica persistentes estan constituidos por hidroxiapatita. Algunos fragmentos estan integrados
en el hueso con ausencia de interposicién fibrosa (1).

Los otros fragmentos reducidos a pequefias particulas se encuentran en las lagunas 6seas,
asociadas con particulas 6seas de taladro.

El andlisis del extraccién pone en evidencia :

- las capacidades de la osteoconduccion del TCH que queda Integralmente colonizado por el
tejido 6seo ;

- la correcta osteointegracion del material realizada en ausencia de interposicién fibrosa o de
reaccion inflamatoria al cuerpo extranjero ;

- la desaparicion progresiva de la ceramica.
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Condroma del dedo medio izquierdo

MEY 04-93

Relleno de la cavidad por TCH después de legrado. Relleno completo, pero insuficiente en la
parte distal del hueso.

Resultado radiolégico :

- en postoperatorio (fotografia) ;
-al cabo de 1 mes ;

- al cabo de 2 meses ;

- al cabo de 5 meses ;

- al cabo de 10 meses ;

- al cabo de 17 meses (fotografia).

A los 5 meses se observa una alteracion periférica «en estrella» de los granos que se encuentran
integrados en una masa por traveculacion. La laguna distal permanece.

Entre 10 y 17 meses, intervienen pocos cambios. Se observa una fusién diafisaria entre la cortical
y la masa iniciada por los injertos. La osificacion se hace progresivamente hacia la laguna distal.
Traveculas 6seas correctamente orientadas salen de los granulos en direccion de las epifisis y en
continuidad con las traveculas de la esponjosa epifisaria.

Radiografia postoperatoria Radiografia al cabo de 17 meses
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Errecrs oF THE CHEMICAL COMPOSITION OF CALCIUM
PHOSPHATE CERAMICS ON THEIR OSSEOINTEGRATION

L

I Frayssinet, MD, PhD)"
J L Trowliet, DVM
N. Rouquet, Phi>*

L. Azimus, DVAF

A, Autefage, DVMT

ABSTRACT

Calcium phosphate macroporons ceramies have
been shown to be a biocompatible materinl for
bone surgers; however, their osscoinfegration s
sometimes very poar. To measure the effect of the

Icium phosphate composition of the ceramic wn
s onsseolntegration, macropareis ceramics of var
ying chemical composition were Implanted in
Wieep Temurs All other characteristios were the
same. Resalts were evaluated histologically uving
bwage analysis and slwwed significant dillerences
in the amannt of bone formed at the contact of the
different cermmies.

I = el¢ prousé que les ceramigues macro.
porevses de phosphate de calelum sont des
élements blo-compatibles utilisables en chirur-
gie osscuye, bien que leur osteosaniegration sl
parfols tres mediocre, I'our npprécier le reten.
tissement sur Mostéointegration, de la presence
du phosphate de calcinm dans les céramiques,
des cframigues mactoporeses de composition
chimique variable furent implantées sur dos
féimurs de moutan, toutes les autre cur-
actéristiques etant semblables par willeurs, Les
réesultats furent évalues histologiquement par
wnalyse d'image et ont montre des dilferences

From *Brdand. Inc and the dEcole Nutiomale
Vésdrinaiee de Towlowne. Tindowse, } rance

Presented at the 14tk ldernational Ssmposiem of
the Center for fmplant Surgery Buai-Zion Modical
Center,  fomurds the 2at Contiry: The Cribunravdn
Hovoow, ™ Aprel 2930, (992 Hachs, aewel The
amcies from this symposium were coampiled and
prepared for ORTHOPALDICS International Ldition
by Yechivl Gotfered, MDY, Gud Darid G Mesdes
MD Facs

Reprant reguests, Or 10 Fravesener, Bioland e
102 Rie d'Espugne. 11700 Jouloorg, Frave.

signifieatsves quant & Ia guantite d os forme au
contact des dilferentes ceramiques.,
Dramduted bs Patesc Hhareay, M

heramik-Materialienaus makeoporosem Calcium -
Phosphat erwiesen sich als biokompatibel fir die
hnochenchirurgie. Hingegen ist deren Dsteainte.
gration manchmal schlecht. Um den FEffeks dor
Calcium-Phosphat Zusammenscteong der Rore
amik aul deren Osteaintegration 2 messen, wir.
den make
hemischer Zousammensetzung ek gleichbbeitien
den anderen Charakteristiken) in Schal-Femara
cingesetzt, Die Frgebnisse wurden histalogiv b
mittels Bild-Analsse ausge-werlet, bs zeigten sich
signifikant untersehicdliche Mengen son Koochicn-
wenlaldungen i Kontukt o den sorselnedenen
Keramiken.

Franlatdeod by Nealaus 8 Frocdenen, 21D

Se hia demostemda que i ccvamicns do fmfato de
culcio mucroparosions, son materiales compatihles
con e cirngoe osens in cmbiergo, s oanlegracion
anea es dveces muy pabiee. Parn medie e imfluen
v de L composscnn del Tosfato calown del muie
Cial COrmmicn e s Etegradbon asea, se implanturon
cetambos mactoporosicas de diversas conposicing
quimbca, en fdmures de ovejac Todas L wlras
caracteristicas eran iguales, Los resultada fuern
evaluados histoloicamente, osande o andlisis de
imagen v mostraron diferencias sizmfieativas on 1a
cantidad de hueso formado al contact con los
difervntes tipos de cerannicas,

Teavsvihutend by Asiteriior Saur s 41D

Materinli cermmict mucroporosi # base di foslate
i calewn hamo slisosteato di exsere biocompati-

e Rermiikon serschiedenyr
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bilit in chirurgia ortopedica; tuttavia Vintegrazi-
ove ossea di questi materiali ¢ talvolta molto
scarsa, Per valutare gh effetti della composizione
di calcio fosfato del materinls ceramico sulls sun
osteaintegrazione sono stati impiantali in femori
di pecaro materiali ceramici macroporosi di com-
posizione chimica differente, Tutte fe alire carat-
teristiche erano le stesse. | risultati sono stati
valutati istologicamente wando sistemi di analisi
d'immagine ¢ si sono mostrati sgnificativamente
dilferenti per quanto riguarda la quantita di osso
formatasi 2 contatto con differenti materiali cor-
amict.

Translated by Pier Giorgio Marcheal, MD

cially hydroxyapatite (HA) ceramics are

now used as bone filling biomatenals. *
In the manufacturing process of every ceramic
matcnial, three man stages are nocessary for their
elaboration * Inially, the material is in a powdes
form: subsequently, the powdered muerial is
suspended in a solution and shaped, at room
tempersture. imo the specific part. In the third
stage, the part i$ sintered to obtain fusion of the
graun of the materral and o climmate the mternal
microporosity. During this process the physical
and chemical charactenistics of the matenal can
change.

The charactenstics of the final calcium phos-
phate matenial, incloding its chemical composi-
ton, can vary widely, This depends only pantly
on the composition of the initial powder. Non
stolchiometric HAs are relatively unstable and,
around 900°C, some other phases (tncalcium
phosphate, calcium oxide) can appear’® Even
perfectly stoichrometnic HA may give rise to an
oxyhydroxyapatite at temperatures over 1000°C
or 1o tricalcium phosphate and tetracalcium
phosphate above 1570°C.

Analysss of commencaally available calcium
phosphates for bone subsutution showed that
the chemical composition of the material dif
fered from that of a supposedly pure HA (NR.
Unpublished data, 1992)% A vaniable amount of
Betncalcium phosphate phase (3-TCP) wans {ound
in most of the specimens analyzed. To evaluate
the influcnce of this phase on the osscointegra-
tion of calcium phosphates and particularly HA,
we implanted calcium HA-ceramics, diffenng
oaly in the amount of 1. TCP contained in the
matcrial, 110 sheep. Implants were then hustol-
ogically analyzed using image analysis afier
different periods of implantation,

MATERIALS AND METHODS
Macroposous Calciim Phogphate Ceramict

HEWEMOahd ) vy ALY
3152218 LUARGHS OHATLS
CENMNANTNL, LirL. 2ORERME
RBABEKCLELES, VMR o LD
HIEOR OSRG-S LETORE L 6x
ShW, VWALAZKFHROBAN) LK
Ao Lt YOKBIHIMAL 2, (bRl
ROE(ES T2, ERNEWIE, MIENT
ELHOLMRTIHHEIZEDRELE, 20
BB, L7 720MBORMLET, 18
MECER A hIROWMNI L LS LAWY
Thts,

Tramslated by Karxuji Shimizu, MD

Pure HA-powder (Bioland, Dijon, France) was
obtained by a double decomposition method.
Pure B TCP-powder (Bioland) was blended with
HA-powder to obtain two different powder
mixtures contarming 75% HA 25% B-TCP; and
50% HA 50% B-TCP, tespectively. The macro
porous specimens were manufactured according
to classical processes. A slurry made from the
different powders, water. and additives was
prepared. This olution then was organized 1o
obtamn an mitial cermic shape. The final sinter
ing stage gave a 100% cryswlline calcium
phosphate material,

Using thi« technique, cylinders with a diame-
ter of 9 mm and a length of 10 mm were made
A porosity consisting of interconnecting macro:
pores, from 300 to 1500 pm, was produced (all
the pores were interconnected) The resulting
porosity was 70%. Three types of implants were
made having different calcium phosphate phase
composition. Their TCIYHA ratio was 0, 1.4
and 1:2. All the manufactunng processes except
the composition of the powder were the same
To assess the compasition of the specimen,
roentgen ray diffraction (Quantitative determina-
ton) patierns were recorded on a gomometer
(Pillips TWI050). Roentgen ray emission wax
obtained by a cobalt anode (A = 178892 nm)

Comtrol Material. Cylinders of cancellous
hone were stamped oot from sheep bone, They
were then sintered for 4 hours at 600°C in order
10 remonve the organic matix from the implant

Implan: Procedures. Calcium phosphate cyl-
inders were implanted into 9 mm holes dnlled
mto the cortical bone of the medinm diaphysis
of sheep femurs. Each implant was inserted
mside the bone until it reached the opposite
endosseum. No implant micromovement was
allowed once implanted. Thirty sheep were used
for this experiment. Four sheep were implanted
with each kind of implant for 2 and 4 months.
Six sheep were implanted with the control

309
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Table
PERCENTAGE OF THE PERIMETER OF INPLANTS IN
CONTACT WITH BONE TISSUE AND THICKNESS OF BONE
TRABECULAE COATING THE CERAMIC (2-MONTH

IMPLANTATION PERIOD)
100% HA 75% HA 25% 8.TCP SO% HA 50% 6-TCP

o (% of contact) 23 121 52

o (thickness) 145 124 133

Fig 1: Osseointegration in the
cortical bone (A) of the pyro-
lised cancellous bone serving
as control material (B) and
implanted for 2 months. The
control material is perfectly
osseointegrated (fuchsin-

310

material, For these implant procedures, two
zones were differentiated in the implant, a
cortical and medullary zone.

Histological Analysis. Immediatcly after the
animal’s death, thick sections of the femurs
conaining the implanted matenal were made
The specimens were fixed in 5% buffered
formaldehyde, then dehydrated in alcohol and
embedded in polymethyl methacrylate. Further
sections were made (o obtain a 50 pm thick
section. These were surface-stained with cither
fuchsin-toluidine blue or silver methenamine
and observed with a light microscope.

Some sections stained with silver methenam
ine were carbon coated and examined by back
scatter scanning electron microscopy (SEM) on
an ISI-SS60 (JEOL, Courbevoie, France) oper-
ated at 25 kV.

One specimen of each chemical composition
implanted for 4 months was oxidized with a 5%
sodium hyposulfite solution. These anorgamc
specimens were then observed with a scanning
clectron microscope (JEOL JST 200, JEOL,
Courbevoie, France) operated at 25 kV.

Image analysis was performed on sections of
material implanted for 2 months. Four zones
were chosen at random on cach section, They
were analyzed by a photometne sysiem of
image analysis. The polygonal outlines of im-
plants and bone tissue were created by thresh-
olding. The lengths of the implant and the bone
outline were determined automatically. The per-
centage of the perimeter of implants in contact

Fig 2: Bone apposition (A) on the 100% HA
ceramic (B) at the zone of contact between the
ceramic and the bone tissue, The implant surface
that was not initially in contact with bone after
the implantation is generally free of bone apposi-
tion (fuchsin-toluidine blue, x 250)

with bone tissuc and the mean thickness of the
bone at the point of contact were calculated
(Table).

Resurs

After a 2-month implantation period, all the
implants seemed, macroscopally, to be osseon-
tegrated. Light microscope observation showed
a complete osscointegration of the control mate
rial both in the cortical bone (Fig 1) and in the
medullary tissue. A thin layer of lamellar bone
was visible at the contact of the
pyrolised cancellous bone

Implants of 100% HA were in contact with
bone in the cortical region. Some thin trabeculae
of lamellar bone were fixed on the porous
matenal surface in close proximity to the corti
cal bone (Fig 2). No bone tissue could be shown
inside the implant in the medullary region
Some localized areas of the implant were sur-
rounded by a dense connective tissue, both in
the medullary zone and in the cortical region
(Fig 3). Some macrophages and multinucleated
cells could be found resorbing the matenal
HA-grains were found inside these cells

Implants containing B-TCP (cither 25% or
S0% B-TCP) were in contact with lamellar bone
tissue in the medullary zone (Fig 4) and with
haversian bone (Fig S) in the cortical region.
Most of the implant surface was surrounded by
bone Ussue. Some immature bone was found
inside the implant resulting from the ossifica
tion of a dense connective tissue. This direct
ossification seemed 1o be the only way in which
bone formation took place at the point of contact
of implant; no enchondral ossification could be
shown. Some osteoblasts were immobilized on
the implant surface (Fig 6), synthesizing an

point of

KASIOS - Mai 2003

36



FRAYSSINET ET AL

Carcium Prosmare Craancs

Fig 3: Connective lissue (A) surrounding the
100% HA implant (C) in the medullary zone
(fuchsin-toluidine blue, x 2501

Hg 4: Lamellar bone (A) fixed on a B-TCP conlain-
ing implant (D) in the medullary region after a 2
month implantation period (fuchsin-toluidine blue,
%250}

osteoid matrix. Osteocytes were also found in
close proximaty to the matenal. Resorption
resulted, in some localized areas, from a cellular
process (Fig 7). Multinucleated cells, with an
osteoclast-hke appeaance, were shown resarbing
the material. A uniform dissolution resulting
from a physical process was also obscrved at the
implant surface.

Back-scattered SEM investigation of the - TCP
comaining implants showed details about the
resatbing region. The matenal was initially dis-
solved at the grain boundanes. The coramic
became less dense in the dissolution regions (Fig
) then some multnucleated cells penetrated into
the povous material and phagocytosed calcium
phosphate grams. The apposition of bone on the
muterial protected it from grnin boundary dissolu
von, The cakifying cxtraccliulyr mamnx was
inserted into the resorption lacunae being made i
the ceramic. The remodelling process taking place
inside the ceramic seemed (o be the same for the
two kinds of - TCP-comaining specimens after 2
months of implantation. The pure HA specimens

showed resorpion without bone remodelling o
bone ingrowth into the ceramic

The percentage of the implant surface n con
tact with bone varied greatly according 10 the
chemical composition of the material Afier 2
months of implantation, pure HA implants had
only a small percentage of thelr surface at the
point of contact of bone tissue (Table) Implants
containing 1-TCP had much more booe tissue
fixed at thewr surface. The percentage of the
surface at the point of bope contact incressed
greatly when |5 TCP was peesent in the chemical
composition of the matenad (Table) Howewer
there was not a significans difference in the
thickness of bone trabeculae absorbed on the
different specimens of - TCP-contaiming implast
(Table)

Fig 5: Dense bone tissue (A)
with some haversian zones
(D) surrounding a P-TCP
containing implant after a 2
month period of implanta-
tion (silver methenamine,

X 250)

Fig 6: Osteoblasts (O) immo-
bilized on a F-1CP contain-
ing implant (1) after 4 2 manth
period of implantation (silver
methenamine, x 900%

Fig 7: Resarbed zone in a
B-TCP containing implant 2
months after implantation,
Osteoclast-like celly (O) are
found resorbing the ceramic
(1) (silver methenamine,

x 700

3
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Fig 8: Back-scatter SEM mi-
crophotograph of dissolving
arcas (E) of a B-T1CP contain-

ing specimen implanted for 2
months, A less dense zone
where grain boundarics are
dissolved is seen facing the
soft tissue (slver
methenamine)

Fig 9: A B-1CP-containing spec-
imen implanted for 4 months
showinyg the osseointegration
of the specimen () in the
cortical bane (8) (uchsin-
toluidine blue, x 200

32

After a 4-momh implantation penod, the
B-TCP-comaining implants were completely
osseointegrated in the cortical region. The pores
of the ceramics were filled with haversian bono

(Fig 9). However. their medullary part was
surrounded by lovers of lamellar bone. The
quantity of bone found at the medullary level
seemed to have decressed greatly. SEM micro
photographs of an anorganic peeparation o
B-TCP.contnining implanis showed calcified
bone matnix costing the ceramic. On high mug-
nification SEM microphotographs, the bonc
matnx was clearly distinguishable from the
ceramic, and bone was attached by some focal
ized point of contact to the ceramic (Fig 1)
The amount of bone at the point of contact witl
the material in the medullary zone seemed o Ix
less than in the [$-TCP- containing implants
studied a1 2 months. Pure HA implanis were
situated in a dense connective environment both
in the medullury zone and the cortical region
and showed no sipn Of Osscointlegration

DISCUSSION

Culcium phosphiste ceramics are known as a
particularly osscocompatible biomaterial. How
ever, the osseointegration of this material 1 not
always very good (PE Unpublished data, 1992)
We have previously analyzed histologically
some apatitic materials implanted in humans
and included i a fibrous tissue, Other failures

Fig 10: SEM microphotograph of an anorganic
preparation of the medullary zone of a 50%
A-TCP/50% HA specimen implanted for 3
months. The bone calcified matrix (M) s coating
the ceramic (FL Bar = 100 um,

of the esscomtegraion of calcium phosphates
can be found in the lHieraore It is very
difficult to find a common cause of ali these
failures. The diversity of the specifications of
the calcium phosphates implanted did not make
1t passible to link the biological result obtained
10 a particular charactenstic of the material

Osseoimegration of the calcum phosphate
ceramics has been proved 1o depend on the pore
size and the chemical composition of the ce-
ramic.'' However, resulis published on the
influence of the chemcal composition of the
ceramies are a lintle confusing because the tested
speameny were composed of a mixfore of
several phases ' the HA is considered as the
calcium phosphate phase closest 10 the bone
mineral .’ ather calcium phosphate phases can
be wsed m the composition of onhopeedic
biomatenals. The two most frequently used
phases are B-TCP and HA.'' Some of their
physio-chemical properties are different. The
solubility of B-TCP at the physiologscal pH 15
greater than the solubility of the HA'* Ty
property could interfere with the ossification
process at the point of contact of the wmplant
The Ca* ' being a secondary messenger'® for
cells, B-TCP could interfere with cell different
ation 3 ity pont of contact. Moreover, the
supensaturation of the extracellular medium for
Caand P around the implant could be increased.
making collagen mincralization casier '

We could not show a greater matenal resorp
tion for the BTCP-comaining implant in this
study. Both pure HA and B-TCP contaming
implants shows that two processes are involved
The bomogencous decrease of the ceramic den-
sity on the edge of the implant as shown by
back-scatter SEM reveals a dissoluhion of the
material. This process scems to take place at the
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grain boundaries. The importance of the cellular
degradation of the HA implants seems to be
greater than in the B-TCP-containing implants.
No dissolution was visible histologically on the
HA implant sections. Some bone ingrowth in
the resorbed zones shows that a remodeling
process of the ceramics exists identical to the
bone remodelling process first described by
Frost."?

ConcLusions

The presence of vanious calcium phosphate
phases in a bioceramic influences more than the
physio-chemical propenies of the material. In
this study the adjunction of B-TCP to the HA
increased the solubility of the B-TCP containing
ceramic, but also dramatically increased bone
ingrowth in the ceramic pores. The so-called
‘bioactivity of the calcium phosphate biocer-
amic depends greatly on its calcium phosphate
phase content. ‘This specification needs to be
better defined than it s today. Most of the HA
products commercially available contain vary-
ing percentages of B-TCP. Moreover, the inter-
action between calcium phosphate products and
cells could be much more complex than was
thought. The role of the B-TCP phase on the
inflammatory response and on the differentia-
tion of osteogeme stem cells has yet 10 be

defined but could be significant.
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Osseointegration of macroporous
calcium phosphate ceramics having a
different chemical composition
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Calclum phosphate macroporous ceramics are biocompatible for bone surqery. Their
osseointegration 15, however, sSomelimes very poor To measure the elfect of the calcium
phosphate content of the ceramic on Its osseointegration, macroporous ceramics, differing in
their chemical composition, were Implanted into sheep temurs. The ceramics were composed of
different percentages ol hydroxyapatite (HA) and fi-tricalcium phosphate (§-TCP). All other
characteristics were the same. Results were assessed histologically with image analysis and
showed significant ditferences in the amount of bone formed at the contact of the different
ceramics. Ceramics containing S-TCP induced better ossedintagration than pure HA ceramics.

Keywords: Ceramics, hydroxyapalite, Iri

Receoived 27 Oclober 1992,

Calcium phosphale ceramics, especially hydroxyapatite
(HA) ceramics, are used as bone-filling biomaterials® ™.
As with the manufacturing process of every ceramic
material, three main stages are required for their
claboration®, The material, initially in a powder form, {5
shaped ot room temperature into the definitive part: for
the third stage, the part is sintered to oblain the fusion of
the grains of the material and eliminate the internal
microporosity, During this process, the physical and
chemical characteristics of the material can change.

The final calcium phosphate material can have very
different characteristics. One of these is the chemical
composition of the material. This depends only partly on
the composition of the initial powder. Non-stoichiometric
HA is relatively unstable. At ca. 900°C, some other
phases (tricalcium phosphate, calcium  oxide] can
appear” . Even perfectly stoichiometric HA may give
rise to an oxyhydroxyapatite al lemperatures >1000°C
ortotricalcium phosphate and tetracalcium phosphate at
>1570°C,

Analysis of commercially available HA for bone
substitution showed that the chemical composition of the
material was different from that of a suppasedly pure

™ =

2
P P gravon

ted § November 1962

only in the amount of -TCP {n the material, into sheep.
Implants were then histologically analysed after different
periods of implantation.

MATERIALS AND METHODS

Macroporous calcium phosphate ceramics

Pure HA powder (Bioland, France) was obtained by a
double decomposition method. Pure S-TCP powder
(Bioland, France) was blended with HA powder to oblain
two different powder mixtures, containing 75% HA-25%
BTCP and 50% HA-50% f-TCP, respectively. The
macroporous specimens were manufactured according
to clussical processes. A slurry made from the different
powders, water and additives, was prepared. This
solution was than manipulated to obtain an initisl
ceramic shape, The final sintering stage gave o 100%
crystalline calcium phosphate material. Using this
technique, cylinders with a diamater of 0.0 cm and a
length of 1cm were made. A porosity consisting of
interconnecting macropores from 300 up to 1500 ym was

duced. The resulting porosity was 70%. Three types

HA" (N. Rouquet, unpublished data). A variable t
of gtricalcium phosphate (8-TCP) phase was found in

of lmpllnu were made, each having a different calcium
te phase composition. Their TCP:HA ratio was

most of the specimens analysed. To evaluate the infl
of this phase on the osseointegration of calcium phos-
phates, we implanted ealcium HA ceramics, differing

Cormespondencs 10 D P. Fraysioet.

0 0.3 and 1. All the manufacturing processes, except the
composition of the powder, were the same. The com-
position of the spacimen was assessed by X-my diffraction
[quantitative determination) (Figure 7).
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Figure 1 X.ray diffraction spectra of the calcium phosphate
implants used for the experiment. a, Pure HA implant; b, 75%
HA-25% S-TCP; e, 50% HA-50% 5.TCP.

Control material

Cylinders of cancellous bone were stamped from sheep
bone. They were then sintered for 4 h at 600°C.

Implant procedures

Calcium phosphate cylinders were implanted into the
left hindleg of sheep with a lateral approach of the femur;
9 mm diameter holes were drilled with a skull trepan into
the cortical bone of the medium diaphysis. Each implant
was inserted inside the bone until it reached the opposite
endosteum. No implant micromovement was allowed
once the implant was in place. One implant of each group
was implanted into three sheep for four periods of time:
1, 2, 4 and 9 months. For these implant procedures, two
zones were differentiated in the implant, cortical and
medullary.

o} integration of ceramics: P. Frayssinet et al. ‘

Histological analysis

Immediately after the animal's death, thick sections were
made from the femurs containing the implanted material.
The specimens were first fixed in 5% buffered form-
aldehyde, then dehydrated in alcohol and embedded in
poly{methyl methacrylate). One section of each implant,
parallel to its long axis, was made using a cooled low-
speed diamond saw (Cuto 1, Reicher, France). The
sections were polished on a Lam Plan MMB823 polisher
with silicon carbide discs (LP P80, P120, P240, P600,
P1200 lubricated with water, then P410 lubricated with a
Ti-grade lubricant) to obtain a 50 um thick section. They
were surface stained with either fuchsin-toluidine blue
or silver methenamine, then observed with a light
microscope (P. Frayssinet, unpublished data).

Some sections stained with silver methenamine were
carbon coated, then examined by back-scalter scanning
electron microscopy (SEM) on an ISI-5560, operated at
25 kV (P. Frayssinet, unpublished data).

One specimen of each chemical composition, implanted
for 4 months, was oxidized with a 5% sodium hyposulphite
solution. These anorganic specimens were then observed
with a scanning electron microscope (Jeol JST 200)
operated at 25 kV.

Image analysis was performed on sections of material.
Four zones were chosen at random on both the cortical
and medullary zones of each section at a X20 magnifi-
cation. They were analysed by a photometric system of
image analysis (Biocom 200 1.5). The polygonal outlines
of implants and bone tissue were created by thresholding.
The lengths of the implant and bone outline were
determined automatically. The length and the mean
thickness of the bone were calculated at the point of
contact of the implant,

Statistics

From both parameters, the mean values and SEM were
calculated. Comparison of the means was performed
according to Student’s ¢ tables.

RESULTS

Histological sections of ceramics implanted for 1 month
showed a loose connective tissue filling the pores of the
material. Some zones of dense connective tissue were
found close to the material. Very small zones of cartilage
and fibrocartilage were also found in the pores of the
material or at the interface of the ceramic and the cortical
bone (Figures 2, 3). No difference in the histological
structure of the tissues surrounding the three kinds of
implants could be seen. Osteoclast-like cells were found
close to the ceramics (Figure 3).

After a 2 month implantation period, all the implants
appeared to be macroscopically osseointegrated.

Light microscopic observation showed complete
osseointegration of the control material, both in the
cortical bone (Figure 4) and in the medullary tissue
(Figure 4). A thin layer of lamellar bone was visible at the
contact of the surface of the pyrolysed cancellous bone.
The whole surface was coated by the new bone layer,

Bone was located at the contact of some parts of the
surface of 100% HA implants in the cortical region. Some

Biomaterials 1993, Vol. 14 No. &
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Figure 2 Fibrocartilage (F) at the contact of an HA-TCP
(60%/50%) implant (1) 1 month after implantation. Woven bone
(W) is forming in the fibrocartilaginous tissue. Silver
methenaming

Figure 3 Dense fibrous tissue can be found at the contact of
the same implant (HA-TCP, 50%/50%) (1) in the early stages of
the implantation (1 month). Ostecclast-like cells (arrow) are
present very close 1o the material, Silver methenamine

Figure 4 Two months after implantation, the control material
(C) s surrounded by a thin layer of bone (arrow) in the
medullary zone and by Haversian bone (H) in the cortical
region. Fuchsin-toluidin

thin trabeculae of lamellar bone were fixed on the
external surface of the porous material in the cortical
zone (Figure 5). A very poor ingrowth could be seen
inside the implant in the medullary region (Figure 6).
Some localized areas of the implant were surrounded by
adense connective tissue, in both the medullary zone and

Figure 3 Bone trabeculae (thick arrow) coming from the
cortical bone are in close contact with the outside surface of the
HA implants 2 months after implantation. The ossification
found inside the ceramic is very poor (thin arrow) and the pores
are filled with medullary tissue. Fuchsin-toluidin

Figure 7 Inside the pores of the HA implants after a period of
2 months, the ceramic (C) can be seen at the contact of fibrous
tissue (F). Pores are filled with adipocytes. Fuchsin-toluidin

Figure 8 Bone ingrowth in the cortical region of an HA-TCP
implant (50%/50%) (1) 2 months after implantation. A Haversian
bone (arrows) structure is altached 1o the ceramic, The
medullary cavities are very important (M). Fuchsin-toluidin.

in the cortical region (Figure 7). Some macrophages and
multinucleated giant cells were found to be resorbing the
material. HA grains were found inside these cells.
Lamellar bone layers were adsorbed on the surface of
the implants containing #-TCP (75% HA-25% -TCP and
50% HA-50% f3-TCP) in the medullary zone. Haversian
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Figure 6 Percentage of the implant perimeter at bone contact
(cortical region). Implants: I, Control; 83, 1009% HA 1, 755 HA;
B3, 50% HA

bone was adsorbed on the implant in the cortical region
[Figure 8). Mosl of the surface of the ceramic pores was
coated by bone tissue (Figure 6). Some immature bone
was found inside the implant pores, which seemed to
result from the ossification of conneclive tissue. This
direct ossification seemed to be the only way in which
bone formation took place at the implant contact point:
no enchondral ossification could be shown at this stage.
Some osteoblasts were immobilized on the implant
surface, synthesizing an osteoid matrix. Osteocyles were
also found close to the material (Figure 9). Resorption
marks were detected on the implant surface. Resorption
resulted in some localized areas, from a cellular process,
Multinucleated cells, with an osteoclast-like or giant cell
(Figure 10) appearance, were shown resorbing the
material. Back-scattered SEM investigation of the im-
plants containing f-TCP showed details of the resorbing
region. The material was initially dissolved at the grain
boundaries. The ceramic became less dense in the
dissolution regions (Figure 11). some multinucleated
cells then penetrated into the porous material and into
the phagocytosed calcium phosphate grains. The
apposition of bone on the material protected it from
grain-boundary dissolution. A calcifying extracellular
matrix was very often inserted into the resorption
lacunae being dug in the ceramic. The remodelling
process taking place inside the ceramics seemed to be the
same for both kinds of specimens containing 8-TCP after
2 months of implantation. The pure HA specimens
showed resorption without bone remodelling or bone
ingrowth into the ceramic.

Figure 9 High magnification light microscopy picture of bone
tissue (B) at the contact of an HA-TCP implant (75%/25%).
Osteocytes (O) are visible close to the ceramic. Silver
mothenamine

Biomaterials 1603, Vol. 14 No. 6
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Figure 10  Giant cells (G) at the contact of an HA-TCP ceramic
(C) (75%/25%) 2 months after implantation. A collagen network
(N} is shown in the connective tissue surrounding the material.
Osteoblasts (O) are located at the surface of a bone trabecula.
Silver methenamine,

Figure 11 Back-scatter electron microscopy of a fragment of
an HA-TCP ceramic (75%/25%) implanted for 2 months. The
outside perimeters (arrows) of the fragments (F) are less dense
than the bulk material: (8) Bone

The percentage of the implant surface in contact with
bone varied greatly, according to the chemical composition
of the material. After 2 months of implantation, pure HA
implants had only a small percentage of their surface at
the contact of bone tissue (Figure 6). Implants containing
B-TCP had much more bone tissue fixed at their surface.
The percentage of the surface at the bone contact point
increased greatly when B-TCP was present in the
chemical composition of the material, However, there
was no significant difference in the thickness or in the
amount of bone trabeculae adsorbed for the two groups
of implants containing 5-TCP.

After a 4 month implantation (Figure 6), the implants
containing B-TCP were completely osseointegrated in
the cortical region. The pores of the ceramics were filled
with Haversian bone (Figure 12). However, their medullary
part was surrounded by thin layers of lamellar bone. The
quantity of bone found at the medullary level seemed to
have decreased greatly. SEM microphotographs of an
anorganic preparation of implanls containing g-TCP
showed a coating of the ceramic with calcified bone
matrix. On SEM microphotographs, the bone matrix was
clearly distinguishable from the ceramic, and bone was
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Figure 12 Osswointegration of an HA-TCP (50%/50%)
implant (1) 4 months after implantation. The pores of the
cortical region are filled with Haversian bone (H) and the
medullary region is coated with a thin bone layer (arrow).
Fuchsin-toluidin

attached by some focussed points of contact to the
ceramic (Figures 13. 14). The amount of bone at the
contact of the material in the medullary zone was less
than in the implants containing -TCP implanted for 2
months, Pure HA implants were situated in a dense
connective tissue environment in both the medullary
zone and the cortical region, and showed poor osseo-
integration (Figure 15).

300 ym

Figure 13 SEM microphotograph of an anorganic preparation
of the bone coating (B) of an HA-TCP (50%/50%) implant
(.

Figure 14  Higher magnification of the same region

427

There was no significant change in the percentage of
the implant surface at the contact of bone, either for pure
HA implants or for implants containing §-TCP between
the 2 and 4 month implantation periods.

The bone ingrowth into the different ceramics implanted
for 9 months did not differ from that of the ceramics
implanted for 4 months (Figures 8, 16). The bone tissue
found in the cortical region of the two groups of ceramics
containing B-TCP filled the whole volume of the
macropores and had the same aspect as the adjacent
cortical bone. The bone layer coating the surface of the
material located in the medullary zone was thinner than
during the former period (50-80 ym) (Figure 17). Resorption
marks were visible in the ceramic (Figure 18). In some
pure HA implants, a bone ingrowth could be shown
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Figure 16 Percentage of the implant perimeter at bone
contact (medullary zone). Implants: B, Control; 5, 100% HA;
£3, 75% HA; B2, 50% HA
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Figure 17 Thickness of the lamellar bone at implant contact
(medullary zone). Implants: l. Control; (. 100% HA: [T, 75%
HA; &, 50% HA,

S0 um

Figure 18 Resorption marks (arrows) in HA-TCP (75%/25%)
ceramic (C) 9 months after implantation. Bone (B) fills the
cavities dug in the ceramic. Silver methenamine.
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Figure 15 Connective tissue filling the pores of the pure HA
implants 4 months after the implantation

2-3mm inside the ceramic, but the percentage of the
surface coated by bone did not differ significantly from
the HA ceramics implanted for a shorter time (Figure 18),
The inside pores of the HA ceramics were [illed with
connective tissus. The control material showed signs of
cell degradation by macrophages and osteoclasts (Figures
20, 21). For all groups of ceramics, giant cells and
macrophages containing a great amount of refringent
particles ware visible in the connective tissue or In the
medullary tissue of bane which Invaded the ceramic,
even In the adypocytes of the medullary tssue.

DISCUSSION

Calcium phosphate ceramics are known as being
particularly osseocompatible. However, the osseo-
integration of this material is not always very good*?. Wo
have already analysed histologically some apatitic
materials implanted In humans and included in a fibrous
tissue. Other fallures of the osseointegration of calcium
phosphates can be found in the literature™, It is very
difficult to find a common cause for all these lailures
The diversity of the specifications of the calcium
phosphates implanted prevented any linkage between
the biological result obtained and a particular charnc-
teristic of the muterial,

Osseointegration of calcium phosphate ceramics has
been proved o depend un the pore size and the chemical

i Wy Jowum,

Figure 19 Ossecintegration of the outside pores of pure HA
implants § months after implantation (B) bone Fuchsin.
toluidin.

Blomaterials 1003, Vol, 14 No. ¢
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Figure 20 Degradation of the control matenal 8 months after
implantation. Bone (B) surrounds the material which persists in
the modullary zone. The implant in the cortical zone has baen
degraded. Fuchsin-toluidin.

100 um
bosesmecmmmn

Figure 21 High magnification of a resorbing cortical zone
showing the degradation of the material (C) by osteoclasts (O)
and macrophages. Fuchsin-toluidin,

composition of the ceramic’, However, results published
on the influence of the chemical composition of the
ceramics are a little confusing. as the tested specimens
were composed of a mixture of several phases'™. If the
HA is considered as the calcium phase closest 1o the bone
mineral phase®, other calcium phosphate phases can be
used in the composition of orthopaedic biomaterials. The
two most frequently used phases are §-TCP and HA™,
Some of their physico-chemical properties are different.
The solubility of B-TCP at the physiological pH is greater
than the solubility of the HA™. This property could
interfere with the ossification process al the point of
contact of the implant. The calcium being a secondary
messengar'® for cells, f-TCP could interfere with cell
differentintion at its paoint of contact. Moreover, the
superssturation of the extracellular medium for calcium
und phosphate around the implant could be increased,
making the collagen mineralization easier'’

We could not Mind a greater materlal resarption {or the
B-TCP-containing implant in this study. Implants con-
taining both pure HA and 8-TCP showed strong marks of
cellular degradation. However, the degradation of
implants containing -TCP shows that two processes are
involved, The homogeneous decrease of the ceramic
density on the edge of the Implant, shown by back-scatter
SEM, reveals a process of dissolution of the ceramic
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proportional to the nature and the surface of the material.
This process seems to take place at the grain boundaries
and some multinucleated cells detach the ceramic grains
from the regions which have weak grain boundaries. The
extent of the cellular degradation of the HA implants
seems 1o be greater than that of the implants containing
A-<TCP. No dissolution process was histologically visible
on the HA implant sections. Some bone ingrowth in the
resorbed zones shows that a remodelling process of the
ceramic exists which is identical to the bone remodelling
process {irst described by Frost™.

The bone ingrowth and the osseointegration of the
ceramics are completed a few weeks after implantation,
Only remodelling processes occurred after the earlier
osseointegration of the material; this led to a densification
of the bone tissue in the cortical zone of the implants
containing B-TCP and to a thinning down of the bone
layer adsorbed on the medullary part of the ceramics, The
poor bone ingrowth shown in the pure HA material did
not increase as the period of implantation extended.
However, the cell degradation of the ceramic persisted
throughout the whole implantation period.

The ossification occurring in the pores of the different
ceramics takes place after a connective lissue ingrowth
inside the ceramic, This so-called bone ingrowth is not
really an ingrowth of bone tissue inside the material, but
rather a differentiation of the connective tissue which
invaded the material in the first bone-healing stage. This
differentiation is done according to the different stages of
the medullary-healing process'”,

The degradation of artificial ceramics began earlier
than the degradation of the natural sintered bone, during
the first month of implantation. The organism could
make the‘difference between the synthetic material and
the control material. The cells degrading the implanted
material were morphologically different for the sintered
bone and for the ceramics. Osteoclast-like cells degraded
the sintered bone, while the ceramic was degraded by
macrophages, osteoclast-like cells and giant cells.

CONCLUSION

The presence of various calcium phosphate phases in a
bioceramic does not influence only the physico-chemical
properties of the material. In this study. the addition of
A<TCP to the HA seemed to increase the solubility of the
ceramic containing f-TCP, and dramatically increased
the bone ingrowth in the ceramic pores. The so-called
bioactivity of calcium phosphate bioceramics depends to
a large extent on their calcium phosphate phase content.
The interaction between calcium phosphate products
and cells could be much more complex than had been
thought. The role of the 8-TCP phase on the inflammatory
response and on the differentiation of osteogenic stem
cells has yet to be defined, but could be very significant.
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170 Utilisation d’'une céramique macropo-
reuse biphasée en dehors de la trauma-
tologie : a propos de 126 cas

J.P. MEYRUEIS, A. CAZENAVE, B. LE SAINT, J. GADEA,
F. BARBIER (Toulon)

Depuis novembre 1992 nous utilisons comme substitut osseux
une céramique biphasée (TCH)sous forme de granulés associant
deux phosphates de calcium : 75 p. 100 d’hydroxyapatite qui
donne au produit une bonne résistance a la dégradation ; 25 p.
100 de tricalcium phosphate, rapidement dissous en libérant des
ions qui activent I'ostéogénese.

Cette céramique de synthése, dont la porosité est d’environ
80 p. 100, ne contient ni matrice protéique ni moelle osseuse et
met donc a 1'abri des réactions immunologiques, des transmis-
sions infectieuses et des maladies a prions.

L’expérimentation animale a montré qu'a 12 semaines 1'inté-
gration osseuse était totale.

MATERIEL ET METHODE. Dans une série de plus de
300 cas provenant de 4 sites nous avons retenu les 126 cas por-
tant sur 115 patients ne concernant pas directement la traumato-
logic et ayant plus de 1 an de recul. Le recul maximum était de
7 ans. La série comporte 61 femmes et 54 hommes. L'dge mini-
mum était de 14 ans, maximum de 88 ans et moyen de 51 ans.

Les Indications ont été 108 fois un comblement : 32 reprises de
prothéses (31 hanches et un genou) en association avec la mise en
place d'une nouvelle prothése revétue d hydroxyapatite ;
23 tumeurs dont 3 tumeurs malignes: 28 comblements de
défects osseux aprés ablation de matériel et 25 comblements de
zones de prélévement osseux.

8 arthrodéses et 10 ostéotomies ont été réalisées avec une
ostéosyntheése stable et en associant la céramique aux fragments
d’os réséqués pour combler les pertes de substance.

Localisation : 101 cas concernaient bassin ou membre infé-
rieur, 24 le membre supérieur, et 1 cas le rachis.

La Classification GESTO a é1¢ utilisée sauf pour les reprises de
prothéses : 22 cas étaient classés D + et 73 D—, 76 cas étaient T1,
19 T2. La céramique a éié placée 40 fois en os spongieux, 37 fois
en os cortico-spongieux. 13 fois en os cortical et 5 fois en zone
cortico-médullaire.

La céramique a été associée 12 fois a des greffes osseuses.

RESULTATS. Aucune complication en rapport avec le substi-
tut n'a é1é observée. Les comblements pour reprises de protheses
sont stables. L'aspect radiologique sans liseré avec fusion des
grains est en faveur d'une ostéointégration. I1 en est de méme
pour les comblements de tumeurs bénignes. Un sepsis a nécessité
une réintervention. Un kyste anévrysmal méconnu a continué a
évoluer et va étre repris. Les arthrodéses ont toutes fusionné a
I"exception d'une arthrodgse scapho-lunaire qui a évolué vers la
pseudarthrose serrée. Aucune fracture itérative n'a éié observée
aprés comblement sur ablation de matériel.

DISCUSSION. Lors des reprises de prothéses les granulés de
céramique ne sont utilisables que pour combler les pertes de
substances cavitaires. Leur possibilit¢é de migration intra-
articulaire doit étre éliminée si nécessaire par une mince colle-
rette de ciment. Les allogreffes conservent leur place dans les
grandes destructions osseuses.Dans tous les autres cas la cérami-
que biphasée utilisée a permis d'éviter la prise d’autogreffe avec
ses complications et I'utilisation d’allogreffes avec ses risques
potentiels.

N° DE CODE : 0870.0-0871.0
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92 Utilisation d'une céramique macropo-
reuse biphasée en traumatologie. A
propos de 108 cas

J.P. Mevrueis, A. Cazenave, B. LE SainT, J. GADEA
(Toulon)

Dans une série de 210 observations d implantation d’une cé-
ramique macroporeuse biphasée de phosphates de calcium en
suivi continu sur 3 sites, avee un recul dépassant 5 ans pour
certains dossiers, nous avons isolé les 108 cas ayant plus d'un
an de recul et concernant la traumatologie.

MATERIEL ET METHODE, Notre série comprend 74 frac-
tures, 30 pseudarthroses et 4 greffes type Papineau. Le recul de
I an parait largement suffisunt pour évaluer la consolidation. La
classification proposée par le GES.T.O. a éé utilisée mais 1é-
gerement modifiée car elle s"avere & Pusage imparfaite pour la
travmatologie. L™ évaluation sans critere d’exclusion a éé réali-
sée suivant la norme E.N. 540.

Fractures : 10 étaient ouvertes et 60 fermées. La localisation
était diaphysaire en os cortical dans 25 cas, épiphysaire dans 32
observations et métaphysaire § fois, Dans 9 cas la fracture sié-
geait sur un os court, 70 cas ont éé clussés T2 et 4T3, Par
ailleurs, 54 cas rentrent dans la catégorie D+ et 20 dans la
catégorie D-. Seulement 3 autogreffes ont été associées a la cé-
ramique alors que les fractures élaient en général complexes,

Pscudarthroses ; 14 ¢taent diaphysaires, 10 épiphysares et 2
métaphysaires, 4 siégeaient sur un os court. Dans 7 cas une
autogreffe et dans | cas une allogreffe ont €€ associées & lu
céramique. Une ostéosynthese stable a ¢té réalisée systématique-
ment. Une décortication a é1é pratiquée chaque fois qu'elle était
possible. 25 pseudarthroses ont été classées en catégorie T2 et
S en T3.23 éaient D+ ¢t 7 D-, 5 pseudarthroses étaient sepli-
ques ct 25 aseptiques.

Comblements type Papincau par céramique + autogreffe : 4
observations entrant dans les catégories T3 et D+,

RESULTATS. Toutes les fractures ont consolidé dans des dé-
luis normaux & 'exception d’une fracture métaphysaire du fémur
distal qui a évolué vers la pseudarthrose. Dans un cas un écou-
lement aseplique temporaire s'est accompagné de |"élimination
spontanée de quelques grains, Dans un autre cas une biopsie
réalisée lors de "ablation du matériel a confirmé la parfaite in-
égration de la céramique.

Les pscudarthroses ont consolidé entre 3 ¢t 8 mois & 'excep-
tion d’une pscudarthrose septique. Dans deux observations cor-
respondant & deux greffes massives de céramique un liseré pé-
riphérique est toujours visible sans conséquence clinique.

Dans les Papineau le comblement a été obtenu dans les délais
habituels.

DISCUSSION. Dans le traitement des fractures les facteurs
ostéoinducteurs sont libérés par la fracture elle méme. La céra-
mique remplace "autogreffe et constitue 1'indispensable support
ostéoconducteur lorsqu’il existe une perte de substance, Dans
les pseudarthroses les facteurs ostéoinducteurs doivent étre ap-
portés par une autogreffe ou par décortication. Dans les Papineau
la céramique permet une économie importante d'autogreffe,
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ACTUALITE

ETUDE EXPERIMENTALE D'UNE CERAMIQUE MACROPOREUSE BIPHASEE

( ous avons real

JP.MEYRUEIS*, A, SOHIER-MEYRUEIS . M. THERIN®**

* Clinique Saint Michel - Toulon (83)
“% Biomatech - Chasse sur Rhane (69)

< X Sythese avant ses esais clinigues.
Cette ceramique (‘TCH) est constituee de 75% d'hydroxyapatite pour 25% de beta tricalcium

phosphate, selon les re
Lu porosile totale est d'es
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ACTUALITE ———
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A Figure 7 : Comparmivon

Substitut osseux de synthese

Granulés de céramique biphasée (75% HAP - 25% T

Ostéotomie Fémorale ( € 0459 Arthrodése
AL D A tibio calcanéenne

T
Fracas métaphysaire
du tibia

TRAUMATOLOGIE COMBLEMENT

Qs spongieux

O semaines

Trous de 6 mm comblés
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