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Introduction 
 
 

1.1. Préambule 
 

Au  cours  des  10  dernières  années,  l’implantologie  a  été  en  constante  évolution.  Des 

avancées  importantes  sont  apparues  tant  en  ce qui  concerne  les biomatériaux utilisés 

lors de ces interventions qu’en ce qui concerne les techniques opératoires. 

De  nombreuses  études  expérimentales  précliniques  et  cliniques  ont  contribué  au 

développement de cette thérapeutique. 

Dans  une  large  mesure,  cette  évolution  ainsi  que  l’essor  que  prend  l’implantation 

immédiate post extractionnelle  (IIPE) sont  le  reflet d’un changement dans  les attentes 

des patients. 

Alors  que  par  le  passé  les  pathologies  dentaires  avaient  souvent  pour  issue  une 

extraction  non  compensée,  on  discute  aujourd’hui  du    remplacement  éventuel  d’une 

dent  lésée  alors  que  celle  ci  est  toujours  en  place.  Il  s’en  suit  donc  une  décision 

importante  qui  doit  être  prise  en  concertation  entre  le  praticien  et  son  patient,  qui 

concerne le moment de l’implantation par rapport à l’extraction. 

Aujourd’hui, alors que les besoins fonctionnels fondamentaux des patients représentés 

principalement  par  l’alimentation  et  la  communication  sont  satisfaits  les  nouveaux 

protocoles de traitement doivent maintenant répondre à des impératifs de plus en plus 

exigeants  tels  que  la  réduction  du  temps  de  traitement,  la  diminution  du  coût  et  de 

l’inconfort ainsi que le résultat esthétique. 

 

1.2. Historique 
 

Les deux principales réalisations prothétiques visant à remplacer une ou plusieurs dents 

manquantes sont : 

o L’appareillage  amovible :  il  consiste  à  remplacer  une  ou  plusieurs  dents 

manquantes  par  un  appareil  en  résine  ou  avec  un  renfort  en  métal 

maintenu en bouche sur  les dents  restantes par des  systèmes d’attaches 

type crochets. 

o La prothèse fixée type bridge qui est le remplacement d’une ou plusieurs 

dents, fixée sur les dents encadrant l’édentement. Il est souvent nécessaire 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de délabrer du tissu dentaire afin de préparer les piliers du bridge ce qui 

est actuellement une alternative difficilement acceptable. 

 

Jadis, pour des raisons fonctionnelles et esthétiques, le remplacement de la dent ou des 

dents  extraites  est  devenu une nécessité.  Si  les  prothèses  conjointes  et  adjointes  sont 

des solutions acceptables, le remplacement par des prothèses implanto‐portées est une 

proposition  plus  élégante  et  plus  confortable,  fonctionnel  et  esthétique.  De  plus,  elles 

nécessitent moins de période d’adaptation du patient vis à vis de  l’appareil amovible qui 

est  parfois mal  toléré  voire  non porté  par  le  patient  ce  qui  devient  alors  un  échec du 

traitement de réhabilitation prothétique. 

 

1.3. Définitions 
 

1.3.1. Implantation différée 
 
La  restauration  implantaire  a  commencé  dans  les  années  1980  avec  un  protocole  de 

restauration  en deux  temps  appelé protocole  d’implantation différée  (ID).  L’extraction 

était suivie d’une période de cicatrisation osseuse et muqueuse pendant plusieurs mois 

à  laquelle  faisait  suite  la  pose  de  l’implant.  L’implantation  différée  a  été  le  protocole 

utilisé pendant de nombreuses années. 

Cette  approche  est  aujourd’hui  toujours  utilisée  pour  les  cas  d’édentements  unitaires 

mais cette procédure conduit souvent à une importante résorption osseuse, elle même 

responsable  d’un  allongement  du  temps  de  traitement  et  d’une  plus  grande  difficulté 

chirurgicale.  Elle  est  également  à  l’origine  d’inconforts,  de  phases  d’adaptation  et  de 

désagréments esthétiques. 

 

1.3.2. Implantation immédiate 
 
L’implantation  immédiate post  extractionnelle associe dans  le même  temps opératoire 

l’extraction de la dent pathologique et la mise en place de l’implant. Elle est réalisée dans 

le site d’extraction qui n’a subi aucune cicatrisation des tissus osseux ni des tissus mous. 

La restauration  implantaire, utilisant  tout d’abord  l’ID, a été perçue par  le praticien et 

par le patient comme une avancée considérable sur un plan fonctionnel et esthétique. 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1.4. Aperçu comparatif de l’IIPE et de l’ID 
 

L’IIPE est souvent préférée à  l’ID en raison de circonstances histologiques qui  lui  sont 

favorables mais aussi d’avantages fonctionnels et esthétiques. 

 

La technique d’IIPE permet de réduire les manipulations sur les tissus mous et de limiter 

la résorption des tissus durs ; cette dernière est en effet systématique et importante au 

cours des 6 premiers mois  avec une perte moyenne de 40% de  la hauteur  et 60% de 

l’épaisseur  de  l’alvéole  durant  cette  période.  La  perte  osseuse  est  plus  importante 

encore lorsque l’alvéole est endommagée (foyer infectieux, paroi osseuse absente).  

L’IIPE permettrait  donc de disposer d’un volume osseux suffisant pour mettre en place 

un implant qu’il serait difficile d’implanter après les délais classiques de cicatrisation. De 

plus, l’extraction dentaire entraine un apport vasculaire important lié au desmodonte et 

à  l’ouverture  des  espaces  médullaires  au  niveau  du  site,  ce  qui  optimiserait  la 

cicatrisation. 

 

Cette  technique  permet  aussi  de  réduire  le  temps  de  traitement  et  le  nombre 

d’interventions chirurgicales comparativement au protocole de l’ID. 

L’IIPE  a  l’avantage  de  supprimer  le  retentissement  fonctionnel  durant  la  période  pré 

implantatoire  ainsi  que  le  coté  dysesthétique.  Effectivement,  on  évite  la  prothèse 

transitoire durant la cicatrisation. 

 

1.5. Objectifs de ce travail 
 
L’objectif  principal  de  ce  travail  est  de  présenter  une  analyse  de  la  situation  actuelle 

concernant l’IIPE. 

Nous  étudierons  les  données  fondamentales  disponibles  à  partir  des  travaux  réalisés 

chez l’animal et chez l’homme qui ont permis d’évoluer vers l’IIPE. 

Nous  ferons  une  mise  au  point  sur  les  techniques  utilisées  et  les  indications 

thérapeutiques  en  tenant  compte  des  attentes  des  patients.
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2. Méthodologie 
 
Ce  travail  a  suivi  une méthodologie  précise  basée  sur  la  recherche  d’articles  publiées 

dans des revues référencées. 

 

• Recherche bibliographique 

o Mots clés 

Les mots clés dont la liste suit étaient utilisés en anglais de préférence mais également 

en français : 

 Extraction dentaire 

 Remodelage osseux (bone remodelling) 

 Cicatrisation 

 Parois alvéolaires 

 Animal (chiens, rats, singes) 

 Alvéole d’extraction 

 Bone defect 

 Dehiscence 

 Implantation immédiate 

 Ostéointégration 

 Techniques 

 Comblement 

 

 

o Les moteurs de recherche utilisés étaient : Pubmed, google scholar. 

 

o La  base  de  données  des  revues  d’odontologie  était  celle  du  Service 

Commun de Documentation (SCD) de l’Université Henri Poincaré (HUP). 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• Nous avons analysé les publications des travaux de recherche chez l’animal puis 

chez  l’homme portant  sur  les phases biologiques de  la  cicatrisation de  l’alvéole 

après extraction. 

o Comblement naturel et cicatrisation de l’alvéole après extraction 

o Remodelage osseux après extraction 

o Résorption osseuse après implantation 

 

• Chez  l’animal  et  l’homme,  nous  avons  étudié  le  remodelage  osseux  autour  de 

l’IIPE à partir des données de la littérature 

o Remodelage  osseux  autour  de  l’implant :  au  niveau  de  la  crête  osseuse 

dans son ensemble et des parois alvéolaires 

o Différentes phases de la reconstruction osseuse 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4. Revue de littérature et résultats 
 

4.1. Etudes sur le remodelage des alvéoles après extraction 
 

4.1.1. Etudes animales 
 

Comblement naturel de l’alvéole d’extraction 
 

Dès 1967 dans une étude menée chez 32  jeunes  rats  suivis pendant 8 semaines,  il  est 

clairement reconnu que  la crête osseuse alvéolaire subit une résorption osseuse après 

extraction dentaire alors que l’alvéole d’extraction se remplit avec de l’os nouvellement 

formé (55). 

 

En  1992,  Iizuka  a  étudié  histologiquement  et  à  différents  temps  après  l’extraction  le 

comblement de l’alvéole d’extraction chez 12 rats (36). 

• Quatre jours après l’extraction, l’alvéole est remplie par un tissu de granulation. 

Du  tissu  osseux  nouvellement  formé  est  visible  dans  le  fond  de  l’alvéole  et  à 

l’extérieur de l’alvéole. Des ostéoclastes sont présents dans les parois alvéolaires 

et dans le septum inter radiculaire. 

• Huit  jours après  l’extraction,  l’alvéole est recouverte par un épithélium. Elle est 

remplie aux deux tiers par un os trabéculaire nouvellement formé. 

• Quatorze 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 après  l’extraction,  l’alvéole  est  presque  comblée  par  un  os 

nouvellement  formé 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devient mature. La moelle osseuse est visible entre  les 

travées  osseuses.  Cet  os  trabéculaire  comporte  de  nombreuses  lignes 

d’apposition  osseuse.  Elles  permettent  la 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 de  logettes  remplies 

d’ostéoclastes.  Cette  association  est  la  preuve  d’un  authentique  remodelage 

osseux. 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Les flèches indiquent les nombreuses lignes d’apposition osseuse. Elles signifient le 

remodelage de l’os. Ref (36). 

 

 

En  2003,  Cardaropoli 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 les  modalités 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 osseux  des  sites 

d’extractions dentaire en suivant  les différentes 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Figs. 7-12 are photomicrographs of extraction sockets from normal (Figs. 7, 9, 11) and osteopetrotic (Figs. 8, 10, 12) rats eight (Figs. 7-10)
or 14 (Figs. 11, 12) days after removal of first molars. In normal rats (Fig, 7) new bone formation (B) has almost filled the socket and the
surface epithelium (E) is thick and well developed. In osteopetrotic mutants (Fig, 8) little new bone has formed in socket (R, position of tooth
roots and I, original interradicular bone) but tbrmalion of new (periosteal) bone (P) outside socket is exuberant. At intermediate magnification
newly forming bone (B) in the socket of normal rats (Fig. 9) is denser and of more regular pattern than the small amount of bone formed in
mutants (Fig. 10). Bone in center of socket of normal rats by 14 days (Fig, 11) contains numerous reversal lines (arrows) indicating remodeling.
In osteopetrotic rats (Fig. 12) reversal lines were rarely seen (arrow) except between the original socket wall and the new periosteal (P) bone
formed outside the socket. Figs. 7, 8= x 33; Figs. 9-12= x 134.

bone on periosteal surfaces of extrac-
tion sites in the ia rats, compared to the
extraction and non-extraction sites in
the controls and the contralateral unex-
tracted sites in ia rats was confirmed by
von Kossa staining of undemineralized
seetions (Figs. 13 and 14). The extensive
formation of new periosteal bone at ex-
traction sites in ia rats was also evident
by fluorescence microscopy (not illus-
trated). The new bone was extensively

labeled by the Ouorochrome markers,
indicating mineralization new bone ma-
trix at these sites.

Discussion

In normal rats, active bone resorption
and new bone formation were observed
in healing extraction sockets as de-
scribed previously (16, 17). Thus, new
bone formation was seen in both resorp-

tion dependent (extraction socket) and
independent (periosteal) sites. On the
other hand, in osteopetrotic (ia) rats, a
significant reduction in bone formation
was seen in the socket but in periosteal
sites (resorption independent) bone for-
mation was exaggerated.

These results demonstrate that in ia
rats, the primary defect, reduced resorp-
tion, is expressed both in skeletal devel-
opment and in extraction wound heal-
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a) J+1 :        b) J+3        c) J+7 
Alvéole remplie d’un caillot sanguin. 

 

         
d) J+14      e) J+30      f) J+60 

 

         
  g) J+90      h) J+120      i) J+180 

Ref : (16) 

 

 

En  résumé,  la  cicatrisation  d’une  alvéole  d’extraction  évolue  en  commençant  par  la 

formation  d’un  caillot  qui  est  secondairement  remplacé  par  une  matrice  osseuse 

of animals, statistical analysis between
the units was considered unnecessary.

Results

All extraction sites healed uneventfully.

Gross histological observations

In specimens representing 1 day of
healing, a coagulum was found to reside
in most of the space previously occu-
pied by the distal root of the fourth
premolar (Fig. 2a). The marginal por-
tion of the coagulum was covered with a
layer of inflammatory cells, mainly
neutrophilic granulocytes (Fig. 3). Also
the gingival connective tissue adjacent
to the extraction site harbored inflam-
matory cells. The clot was comprised
mainly of erythrocytes and platelets that
were trapped in a network of fibrin (Fig.
4). Isolated neutrophils were seen to be
present in the central and apical com-
partments of the blood clot. Immedi-
ately lateral to the hard tissue wall, i.e.
the bundle bone of the socket, the
severed PDL was found to contain large
numbers of mesenchymal cells, fibers
and a multitude of large, apparently
dilated, vascular units. The principal
fibers invested as Sharpey’s fibers in the
bundle bone and were, in the central
direction, found to be in direct contact
with the coagulum in the socket (Fig. 5).

In the marginal portion of the ‘‘ex-
perimental unit’’ representing day 3 of
healing (Fig. 2b), small segments of the
coagulum had been replaced by a richly
vascularized GT. In the center of the
coagulum within zones A, B and C,
areas could be identified in which
erythrocytes had undergone lysis (coa-
gulative necrosis; Fig. 6). The mem-
branes of the blood cells in these
compartments had lost their integrity
and the area had a hyaline appearance.
The severed PDL contained a large
number of fibroblasts and vessels. The
principal fibers (i) ran a course perpen-
dicular to the surface of the hard tissue
wall, (ii) were invested in the bundle
bone, and (iii) made contact with the
coagulum (Fig. 7).

After 7 days of healing (Fig. 2c), the
wound in the experimental unit had
undergone a marked change in compar-
ison to the day 3 specimen.

The number of principal fibers (PF)
of PDL that invested in the bundle bone
was comparatively small (Fig. 8), but
the PFs appeared elongated and were

included in a PCT that approached the
center of the extraction socket. The PM
(i) was comprised of newly formed
blood vessels, immature mesenchymal
cells, various types of leukocytes and
collagen fibers and (ii) had apparently in
part replaced the fiber bundles of the
PDL as well as residues of the coagulum
and GT (Figs 7 and 8).

In the central and apical zones of the
socket, large areas of the coagulum
exhibited signs of coagulative necrosis.
Several marrow spaces within the bone
walls, bundle bone, lining the socket

harbored osteoclasts. Such multinu-
cleated cells were also seen within the
Volkmann canals and indicated that the
process of remodeling of this particular
bone tissue was ongoing (Fig. 9).

After 14 days of healing, the margin-
al portion of the extraction socket was
covered by a connective tissue rich in
vessels and inflammatory cells. This
mesenchymal tissue was in part lined
with epithelial cells.

The most conspicuous features char-
acterizing this interval, however, was (i)
the absence of a periodontal ligament
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
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ately lateral to the hard tissue wall, i.e.
the bundle bone of the socket, the
severed PDL was found to contain large
numbers of mesenchymal cells, fibers
and a multitude of large, apparently
dilated, vascular units. The principal
fibers invested as Sharpey’s fibers in the
bundle bone and were, in the central
direction, found to be in direct contact
with the coagulum in the socket (Fig. 5).

In the marginal portion of the ‘‘ex-
perimental unit’’ representing day 3 of
healing (Fig. 2b), small segments of the
coagulum had been replaced by a richly
vascularized GT. In the center of the
coagulum within zones A, B and C,
areas could be identified in which
erythrocytes had undergone lysis (coa-
gulative necrosis; Fig. 6). The mem-
branes of the blood cells in these
compartments had lost their integrity
and the area had a hyaline appearance.
The severed PDL contained a large
number of fibroblasts and vessels. The
principal fibers (i) ran a course perpen-
dicular to the surface of the hard tissue
wall, (ii) were invested in the bundle
bone, and (iii) made contact with the
coagulum (Fig. 7).

After 7 days of healing (Fig. 2c), the
wound in the experimental unit had
undergone a marked change in compar-
ison to the day 3 specimen.

The number of principal fibers (PF)
of PDL that invested in the bundle bone
was comparatively small (Fig. 8), but
the PFs appeared elongated and were

included in a PCT that approached the
center of the extraction socket. The PM
(i) was comprised of newly formed
blood vessels, immature mesenchymal
cells, various types of leukocytes and
collagen fibers and (ii) had apparently in
part replaced the fiber bundles of the
PDL as well as residues of the coagulum
and GT (Figs 7 and 8).

In the central and apical zones of the
socket, large areas of the coagulum
exhibited signs of coagulative necrosis.
Several marrow spaces within the bone
walls, bundle bone, lining the socket

harbored osteoclasts. Such multinu-
cleated cells were also seen within the
Volkmann canals and indicated that the
process of remodeling of this particular
bone tissue was ongoing (Fig. 9).

After 14 days of healing, the margin-
al portion of the extraction socket was
covered by a connective tissue rich in
vessels and inflammatory cells. This
mesenchymal tissue was in part lined
with epithelial cells.

The most conspicuous features char-
acterizing this interval, however, was (i)
the absence of a periodontal ligament
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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of animals, statistical analysis between
the units was considered unnecessary.

Results
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Gross histological observations

In specimens representing 1 day of
healing, a coagulum was found to reside
in most of the space previously occu-
pied by the distal root of the fourth
premolar (Fig. 2a). The marginal por-
tion of the coagulum was covered with a
layer of inflammatory cells, mainly
neutrophilic granulocytes (Fig. 3). Also
the gingival connective tissue adjacent
to the extraction site harbored inflam-
matory cells. The clot was comprised
mainly of erythrocytes and platelets that
were trapped in a network of fibrin (Fig.
4). Isolated neutrophils were seen to be
present in the central and apical com-
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the bundle bone of the socket, the
severed PDL was found to contain large
numbers of mesenchymal cells, fibers
and a multitude of large, apparently
dilated, vascular units. The principal
fibers invested as Sharpey’s fibers in the
bundle bone and were, in the central
direction, found to be in direct contact
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dicular to the surface of the hard tissue
wall, (ii) were invested in the bundle
bone, and (iii) made contact with the
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After 7 days of healing (Fig. 2c), the
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undergone a marked change in compar-
ison to the day 3 specimen.

The number of principal fibers (PF)
of PDL that invested in the bundle bone
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the PFs appeared elongated and were

included in a PCT that approached the
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(i) was comprised of newly formed
blood vessels, immature mesenchymal
cells, various types of leukocytes and
collagen fibers and (ii) had apparently in
part replaced the fiber bundles of the
PDL as well as residues of the coagulum
and GT (Figs 7 and 8).

In the central and apical zones of the
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walls, bundle bone, lining the socket
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cleated cells were also seen within the
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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the units was considered unnecessary.
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In specimens representing 1 day of
healing, a coagulum was found to reside
in most of the space previously occu-
pied by the distal root of the fourth
premolar (Fig. 2a). The marginal por-
tion of the coagulum was covered with a
layer of inflammatory cells, mainly
neutrophilic granulocytes (Fig. 3). Also
the gingival connective tissue adjacent
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matory cells. The clot was comprised
mainly of erythrocytes and platelets that
were trapped in a network of fibrin (Fig.
4). Isolated neutrophils were seen to be
present in the central and apical com-
partments of the blood clot. Immedi-
ately lateral to the hard tissue wall, i.e.
the bundle bone of the socket, the
severed PDL was found to contain large
numbers of mesenchymal cells, fibers
and a multitude of large, apparently
dilated, vascular units. The principal
fibers invested as Sharpey’s fibers in the
bundle bone and were, in the central
direction, found to be in direct contact
with the coagulum in the socket (Fig. 5).

In the marginal portion of the ‘‘ex-
perimental unit’’ representing day 3 of
healing (Fig. 2b), small segments of the
coagulum had been replaced by a richly
vascularized GT. In the center of the
coagulum within zones A, B and C,
areas could be identified in which
erythrocytes had undergone lysis (coa-
gulative necrosis; Fig. 6). The mem-
branes of the blood cells in these
compartments had lost their integrity
and the area had a hyaline appearance.
The severed PDL contained a large
number of fibroblasts and vessels. The
principal fibers (i) ran a course perpen-
dicular to the surface of the hard tissue
wall, (ii) were invested in the bundle
bone, and (iii) made contact with the
coagulum (Fig. 7).

After 7 days of healing (Fig. 2c), the
wound in the experimental unit had
undergone a marked change in compar-
ison to the day 3 specimen.

The number of principal fibers (PF)
of PDL that invested in the bundle bone
was comparatively small (Fig. 8), but
the PFs appeared elongated and were

included in a PCT that approached the
center of the extraction socket. The PM
(i) was comprised of newly formed
blood vessels, immature mesenchymal
cells, various types of leukocytes and
collagen fibers and (ii) had apparently in
part replaced the fiber bundles of the
PDL as well as residues of the coagulum
and GT (Figs 7 and 8).

In the central and apical zones of the
socket, large areas of the coagulum
exhibited signs of coagulative necrosis.
Several marrow spaces within the bone
walls, bundle bone, lining the socket

harbored osteoclasts. Such multinu-
cleated cells were also seen within the
Volkmann canals and indicated that the
process of remodeling of this particular
bone tissue was ongoing (Fig. 9).

After 14 days of healing, the margin-
al portion of the extraction socket was
covered by a connective tissue rich in
vessels and inflammatory cells. This
mesenchymal tissue was in part lined
with epithelial cells.

The most conspicuous features char-
acterizing this interval, however, was (i)
the absence of a periodontal ligament
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
day, (i) 180 day. H&E staining; original magnification ! 16.
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of animals, statistical analysis between
the units was considered unnecessary.
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In specimens representing 1 day of
healing, a coagulum was found to reside
in most of the space previously occu-
pied by the distal root of the fourth
premolar (Fig. 2a). The marginal por-
tion of the coagulum was covered with a
layer of inflammatory cells, mainly
neutrophilic granulocytes (Fig. 3). Also
the gingival connective tissue adjacent
to the extraction site harbored inflam-
matory cells. The clot was comprised
mainly of erythrocytes and platelets that
were trapped in a network of fibrin (Fig.
4). Isolated neutrophils were seen to be
present in the central and apical com-
partments of the blood clot. Immedi-
ately lateral to the hard tissue wall, i.e.
the bundle bone of the socket, the
severed PDL was found to contain large
numbers of mesenchymal cells, fibers
and a multitude of large, apparently
dilated, vascular units. The principal
fibers invested as Sharpey’s fibers in the
bundle bone and were, in the central
direction, found to be in direct contact
with the coagulum in the socket (Fig. 5).

In the marginal portion of the ‘‘ex-
perimental unit’’ representing day 3 of
healing (Fig. 2b), small segments of the
coagulum had been replaced by a richly
vascularized GT. In the center of the
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areas could be identified in which
erythrocytes had undergone lysis (coa-
gulative necrosis; Fig. 6). The mem-
branes of the blood cells in these
compartments had lost their integrity
and the area had a hyaline appearance.
The severed PDL contained a large
number of fibroblasts and vessels. The
principal fibers (i) ran a course perpen-
dicular to the surface of the hard tissue
wall, (ii) were invested in the bundle
bone, and (iii) made contact with the
coagulum (Fig. 7).

After 7 days of healing (Fig. 2c), the
wound in the experimental unit had
undergone a marked change in compar-
ison to the day 3 specimen.

The number of principal fibers (PF)
of PDL that invested in the bundle bone
was comparatively small (Fig. 8), but
the PFs appeared elongated and were

included in a PCT that approached the
center of the extraction socket. The PM
(i) was comprised of newly formed
blood vessels, immature mesenchymal
cells, various types of leukocytes and
collagen fibers and (ii) had apparently in
part replaced the fiber bundles of the
PDL as well as residues of the coagulum
and GT (Figs 7 and 8).

In the central and apical zones of the
socket, large areas of the coagulum
exhibited signs of coagulative necrosis.
Several marrow spaces within the bone
walls, bundle bone, lining the socket
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cleated cells were also seen within the
Volkmann canals and indicated that the
process of remodeling of this particular
bone tissue was ongoing (Fig. 9).

After 14 days of healing, the margin-
al portion of the extraction socket was
covered by a connective tissue rich in
vessels and inflammatory cells. This
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Fig. 2. Mesio-distal sections illustrating the extraction socket after different intervals of
healing: (a) 1 day, (b) 3 day, (c) 7 day, (d) 14 day, (e) 30 day, (f) 60 day, (g) 90 day, (h) 120
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provisoire  correspondant  à  un  os  primaire ;  progressivement,  cet  os  primaire  devient 

organisé  en  un  os  spongieux  qui  devient  mature  avec  ses  travées  d’os  lamellaire 

minéralisé entre lesquelles se développe de la moelle osseuse. 

De l’os cortical se crée afin de recouvrir l’alvéole rendant au site d’extraction une solidité 

osseuse. 

 

4.1.1.1. Remodelage des crêtes alvéolaires 
 

Une étude expérimentale conduite par Araujo chez 12 chiens en 2005 a permis d’évaluer 

d’une part  la  résorption des  crêtes  alvéolaires  et  d’autre part  leur  remodelage osseux 

dans  les suites d’extractions dentaires réalisées sur  la mandibule (1). L’évolution de  la 

cicatrisation  a  été  suivie  morphologiquement  et  histologiquement  pendant  1  à  8 

semaines. 

• Durant les semaines suivant l’extraction, un grand nombre d’ostéoclastes (flèches 

blanches  de  la  figure  ci  dessous)  sont  présents  sur  les  versants  externes  des 

crêtes des parois alvéolaires tant vestibulaires que linguales. Cette forte activité 

ostéoclastique  a pour  résultat  une  réduction  en hauteur  et  en  épaisseur de  ces 

crêtes.  La  réduction  en  hauteur  de  la  crête  alvéolaire  est  beaucoup  plus 

prononcée du côté vestibulaire que du côté lingual. 

 
Ref :  1  Après  1  semaine  de  cicatrisation.  Crête  alvéolaire  linguale  (a)  et 

vestibulaire (b) 

but the mucosa covering the sockets
after 2, 4 and 8 weeks of healing were
considered to be clinically healthy.

One week of healing (Fig. 3)

The connective tissue of the mucosa
covering the extraction site exhibited

modest signs of inflammation. Thus,
areas could be identified which were
poor in their collagen content but rich
in vascular structures and inflammat-
ory cells.

The marginal portion of the lingual
bone wall of the extraction socket was
markedly wider than the corresponding
portion of the buccal wall (Fig. 3). At
Level A (Table 1) the lingual wall was
1.4 ! 0.2mm (SD) wide while the
corresponding width of the buccal wall
was 0.6 ! 0.1mm. The matching
dimensions at Level B were 2.0 ! 0.3
and 1.3 ! 0.1mm, respectively.

Both the buccal and lingual bone
walls contained large numbers of well-
defined bone marrow spaces. The inner
surfaces of the socket walls were lined
with bundle bone (Fig. 4). In all areas of
the socket, multinucleated cells (osteo-

clasts) could occasionally be observed
on the surface of this bundle bone. A
severed periodontal ligament that
included fibroblasts, distinctly orien-
tated collagen fibers, vascular structures
and inflammatory cells resided lateral to
the bundle bone.

The crestal regions of the bone walls
were comprised solely of bundle bone
(Fig. 5a, b), the height of which was
more pronounced at the buccal
(X1mm) than at the lingual wall
(o0.5mm). A large number of osteo-
clasts were present on the outer surface
of the crestal region of both bone walls.

The internal portion of the extraction
socket was occupied by coagulum,
granulation tissue, provisional matrix
and small amounts of newly formed
bone. The coagulum resided in the most
central portion of the socket and exhib-

Fig. 3. Overview of the extraction site after
1 week of healing. Note the large amounts
of provisional matrix and, in the center of
the socket, remaining blood clot. BC, blood
clot, B, buccal; L, lingual; PM, provisional
matrix. H&E staining; original magnifica-
tion " 16.

Table 1. Width of the bone tissue at the buccal and lingual walls of the extraction sites

1 week 2 weeks 4 weeks 8 weeks

buccal lingual buccal lingual buccal lingual buccal lingual

Level A 0.6 (0.1) 1.4 (0.2) 0.6 (0.1) 1.3 (0.3) 0.7 (0.2) 1.3 (0.1) 0.5 (0.1) 1.2 (0.1)
Level B 1.3 (0.1) 2.0 (0.3) 1.1 (0.3) 1.9 (0.4) 1.1 (0.2) 1.6 (0.1) 1.1 (0.1) 1.7 (0.3)
Level C 2.0 (0.0) 2.8 (0.8) 1.9 (0.4) 2.7 (0.7) 2.0 (0.4) 2.9 (0.3) 1.6 (0.1) 2.7 (0.5)

The measurements (mm) were made at different levels (A, B C; Fig. 1) and time intervals. Mean

(SD).

Fig. 4. Higher magnification of outlined
area in Fig. 3. The bundle bone covered
the socket wall. Lateral to the bundle bone a
severed periodontal ligament can be identi-
fied. BB, bundle bone; PDL, severed
periodontal ligament; original magnification
" 200.

Fig. 5. One week of healing. The crestal region of the lingual (a) and buccal (b) walls. The
buccal bone crest is made exclusively of bundle bone while the lingual crest is comprised of
a mixture of cortical bone and bundle bone. Note the presence of osteoclasts in the crestal
regions of both walls (arrows). A, inner surface of the bone wall; BB, bundle bone; CB,
cortical bone; O, outer surface of the bone wall; arrows, osteoclasts. H&E staining; original
magnification " 50.
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BB = Bundle Bone = os lamellaire 

CB = Cortical Bone = os cortical 

A = Alvéole 

O = Outer surface of the bone wall = face externe de la paroi de l’alvéole 

 

• La  résorption  osseuse  des  crêtes  alvéolaires  s’organise  en  deux  phases  qui  se 

chevauchent.  Dans  un  premier  temps,  l’os  lamellaire  du  sommet  de  la  crête 

alvéolaire  est  résorbé  et  partiellement  remplacé  par  de  l’os  primaire.  La  crête 

vestibulaire  étant  essentiellement  constituée  d’os  lamellaire,  ce  remodelage 

explique la réduction importante en hauteur au niveau du versant vestibulaire. 

• La  seconde  phase  de  résorption  intéresse  les  parois  externes  des  deux  parois 

alvéolaires. 

 

 

 

 

 
Ref : 1 

B = Buccal = Vestibulaire 

BM = Bone Marrow = moelle osseuse 

C = Clot = Caillot 

L = Lingual = Lingual 

PM = Provisional Matrice = Matrice Provisoire 

WB = Woven Bone = Os Primaire – Spongieux 
but the mucosa covering the sockets
after 2, 4 and 8 weeks of healing were
considered to be clinically healthy.

One week of healing (Fig. 3)

The connective tissue of the mucosa
covering the extraction site exhibited

modest signs of inflammation. Thus,
areas could be identified which were
poor in their collagen content but rich
in vascular structures and inflammat-
ory cells.

The marginal portion of the lingual
bone wall of the extraction socket was
markedly wider than the corresponding
portion of the buccal wall (Fig. 3). At
Level A (Table 1) the lingual wall was
1.4 ! 0.2mm (SD) wide while the
corresponding width of the buccal wall
was 0.6 ! 0.1mm. The matching
dimensions at Level B were 2.0 ! 0.3
and 1.3 ! 0.1mm, respectively.

Both the buccal and lingual bone
walls contained large numbers of well-
defined bone marrow spaces. The inner
surfaces of the socket walls were lined
with bundle bone (Fig. 4). In all areas of
the socket, multinucleated cells (osteo-

clasts) could occasionally be observed
on the surface of this bundle bone. A
severed periodontal ligament that
included fibroblasts, distinctly orien-
tated collagen fibers, vascular structures
and inflammatory cells resided lateral to
the bundle bone.

The crestal regions of the bone walls
were comprised solely of bundle bone
(Fig. 5a, b), the height of which was
more pronounced at the buccal
(X1mm) than at the lingual wall
(o0.5mm). A large number of osteo-
clasts were present on the outer surface
of the crestal region of both bone walls.

The internal portion of the extraction
socket was occupied by coagulum,
granulation tissue, provisional matrix
and small amounts of newly formed
bone. The coagulum resided in the most
central portion of the socket and exhib-

Fig. 3. Overview of the extraction site after
1 week of healing. Note the large amounts
of provisional matrix and, in the center of
the socket, remaining blood clot. BC, blood
clot, B, buccal; L, lingual; PM, provisional
matrix. H&E staining; original magnifica-
tion " 16.

Table 1. Width of the bone tissue at the buccal and lingual walls of the extraction sites

1 week 2 weeks 4 weeks 8 weeks

buccal lingual buccal lingual buccal lingual buccal lingual

Level A 0.6 (0.1) 1.4 (0.2) 0.6 (0.1) 1.3 (0.3) 0.7 (0.2) 1.3 (0.1) 0.5 (0.1) 1.2 (0.1)
Level B 1.3 (0.1) 2.0 (0.3) 1.1 (0.3) 1.9 (0.4) 1.1 (0.2) 1.6 (0.1) 1.1 (0.1) 1.7 (0.3)
Level C 2.0 (0.0) 2.8 (0.8) 1.9 (0.4) 2.7 (0.7) 2.0 (0.4) 2.9 (0.3) 1.6 (0.1) 2.7 (0.5)

The measurements (mm) were made at different levels (A, B C; Fig. 1) and time intervals. Mean

(SD).

Fig. 4. Higher magnification of outlined
area in Fig. 3. The bundle bone covered
the socket wall. Lateral to the bundle bone a
severed periodontal ligament can be identi-
fied. BB, bundle bone; PDL, severed
periodontal ligament; original magnification
" 200.

Fig. 5. One week of healing. The crestal region of the lingual (a) and buccal (b) walls. The
buccal bone crest is made exclusively of bundle bone while the lingual crest is comprised of
a mixture of cortical bone and bundle bone. Note the presence of osteoclasts in the crestal
regions of both walls (arrows). A, inner surface of the bone wall; BB, bundle bone; CB,
cortical bone; O, outer surface of the bone wall; arrows, osteoclasts. H&E staining; original
magnification " 50.
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ited signs of lysis. The granulation
tissue that included a large number of
vessels, few fibroblasts and inflamma-
tory cells occupied a portion of the
more coronal segments of the socket.
The provisional matrix was the dom-
inating tissue within the socket and
included fibroblasts, newly formed ves-
sels and collagen fibers. In the apical
portions of the socket, small islands
of newly formed woven bone were
present around vascular units close to
the bundle bone.

Two weeks of healing (Fig. 6)

The mucosa of the site was devoid of
inflammatory cells but included a fibro-
blast rich connective tissue. The crestal
region of the lingual hard-tissue wall
was at this interval devoid of bundle
bone while at the corresponding region
of the buccal wall, bundle bone occu-
pied an area that was 0.3 ! 0.1mm high
(Fig. 7a, b). The outer portions of the
crestal region of both bone walls were
lined with osteoclasts. Several osteo-
clasts were also found on the outer
surface of the buccal and lingual bone
walls apical of the crestal region.

Large amounts of newly formed bone
occurred in the apical and lateral

portions of the extraction socket. Provi-
sional matrix tissue resided in the
central and marginal compartments of
the experimental site. At this interval,
no periodontal ligament tissue could be
identified lateral to the socket walls. The
surface of the woven bone was lined
with densely packed osteoblasts and
included a primitive bone marrow. Most
of the surface of the remaining bundle
bone was in direct continuity with
trabeculae of woven bone.

Four weeks of healing (Fig. 8)

No bundle bone could be found in the
crestal region of the bone walls. Further,
in the crestal region of the buccal wall, a
large portion of the lamellar bone had
apparently been replaced with woven
bone. The surface of this newly formed
tissue-exhibited signs of remodelling. A
multitude of osteoclasts could be
observed on the outer surface of both
the buccal and the lingual bone walls
apical of the crestal regions.

The lingual bone wall was at this
interval between 1.3 ! 0.1mm (Level
A) and 1.6 ! 0.1mm (Level B) wide.
The corresponding dimensions of the
buccal wall were 0.7 ! 0.2 and
1.1 ! 0.2mm, respectively (Table 1).

Provisional matrix tissue was pre-
sented in the most central portions of

Fig. 6. Overview of the extraction site after
2 weeks of healing. Note the large amounts
of woven bone are presented in the lateral
and apical portions of the socket. B, buccal;
L, lingual; PM, provisional matrix; WB,
woven bone. H&E staining; original magni-
fication " 16.

Fig. 7. Two weeks of healing. The crestal region of the lingual (a) and buccal (b) walls. Note
the large number of osteoclasts present on the outter surface of the crestal regions. A, inner
surface of the wall; BB, bundle bone; CB, cortical bone; O, outer surface of the wall; arrows,
osteoclasts. H&E staining; original magnification " 50.

Fig. 8. Overview of the extraction site after
4 weeks of healing. Note the extraction site
at this interval is dominated by newly
formed woven bone. The bundle bone of
the crestal region of the buccal wall was
resorbed and partially replaced by woven
bone. Note also that the marginal portion of
the old buccal wall (arrow) is ‘‘apical’’ to its
lingual counterpart. B, buccal; L, lingual;
WB, woven bone; arrow, marginal portion
of the old buccal wall. H&E staining;
original magnification " 16.
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ited signs of lysis. The granulation
tissue that included a large number of
vessels, few fibroblasts and inflamma-
tory cells occupied a portion of the
more coronal segments of the socket.
The provisional matrix was the dom-
inating tissue within the socket and
included fibroblasts, newly formed ves-
sels and collagen fibers. In the apical
portions of the socket, small islands
of newly formed woven bone were
present around vascular units close to
the bundle bone.

Two weeks of healing (Fig. 6)

The mucosa of the site was devoid of
inflammatory cells but included a fibro-
blast rich connective tissue. The crestal
region of the lingual hard-tissue wall
was at this interval devoid of bundle
bone while at the corresponding region
of the buccal wall, bundle bone occu-
pied an area that was 0.3 ! 0.1mm high
(Fig. 7a, b). The outer portions of the
crestal region of both bone walls were
lined with osteoclasts. Several osteo-
clasts were also found on the outer
surface of the buccal and lingual bone
walls apical of the crestal region.

Large amounts of newly formed bone
occurred in the apical and lateral

portions of the extraction socket. Provi-
sional matrix tissue resided in the
central and marginal compartments of
the experimental site. At this interval,
no periodontal ligament tissue could be
identified lateral to the socket walls. The
surface of the woven bone was lined
with densely packed osteoblasts and
included a primitive bone marrow. Most
of the surface of the remaining bundle
bone was in direct continuity with
trabeculae of woven bone.

Four weeks of healing (Fig. 8)

No bundle bone could be found in the
crestal region of the bone walls. Further,
in the crestal region of the buccal wall, a
large portion of the lamellar bone had
apparently been replaced with woven
bone. The surface of this newly formed
tissue-exhibited signs of remodelling. A
multitude of osteoclasts could be
observed on the outer surface of both
the buccal and the lingual bone walls
apical of the crestal regions.

The lingual bone wall was at this
interval between 1.3 ! 0.1mm (Level
A) and 1.6 ! 0.1mm (Level B) wide.
The corresponding dimensions of the
buccal wall were 0.7 ! 0.2 and
1.1 ! 0.2mm, respectively (Table 1).

Provisional matrix tissue was pre-
sented in the most central portions of

Fig. 6. Overview of the extraction site after
2 weeks of healing. Note the large amounts
of woven bone are presented in the lateral
and apical portions of the socket. B, buccal;
L, lingual; PM, provisional matrix; WB,
woven bone. H&E staining; original magni-
fication " 16.

Fig. 7. Two weeks of healing. The crestal region of the lingual (a) and buccal (b) walls. Note
the large number of osteoclasts present on the outter surface of the crestal regions. A, inner
surface of the wall; BB, bundle bone; CB, cortical bone; O, outer surface of the wall; arrows,
osteoclasts. H&E staining; original magnification " 50.

Fig. 8. Overview of the extraction site after
4 weeks of healing. Note the extraction site
at this interval is dominated by newly
formed woven bone. The bundle bone of
the crestal region of the buccal wall was
resorbed and partially replaced by woven
bone. Note also that the marginal portion of
the old buccal wall (arrow) is ‘‘apical’’ to its
lingual counterpart. B, buccal; L, lingual;
WB, woven bone; arrow, marginal portion
of the old buccal wall. H&E staining;
original magnification " 16.
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the socket. Mineralized tissue and bone
marrow occupied the remaining seg-
ments of the site. The mineralized tissue
portion was mainly comprised of woven
bone, which appeared to be in the
process of both modelling and remodel-
ling. The bone marrow was either of
primitive (loose connective tissue,
inflammatory cells and large vessels)
or mature (large adipocytes, few inflam-
matory cells, small amounts of collagen
fibers and vascular units) character.
Large portions of the bundle bone had
apparently been replaced by lamellar
bone and marrow.

Eight weeks of healing (Fig. 9)

The lingual bone wall was also at this
interval considerably wider than the
buccal wall. Further, the crest of the
buccal bone was located about 2mm
apical to the crest of the lingual hard
tissue wall. A wide zone of mineralized
tissue bridged the buccal and lingual
bone walls of the extraction socket. This
bridge that had an oblique orientation
included woven bone as well as lamellar
bone. Numerous osteoclasts were found
both on the outer surface of the crestal
and on more apical regions of the buccal
bone (Fig. 10). Scattered osteoclasts
were found in the corresponding loca-
tions of the lingual bone wall. The
internal portion of the socket region was
occupied by bone marrow but included
few trabeculae of mineralized tissue that
were comprised of woven bone and
lamellar bone.

Alterations of the height of the bone crest
during healing

At the 1-week interval, the buccal bone
crest was found to be located on the
average 0.3 ! 0.2mm (SD) ‘‘coronal’’
to the lingual crest, while at the 2-, 4-,
and 8-week intervals the buccal crest
was consistently located ‘‘apical’’ of its
lingual counterpart (Fig. 11). Thus, after
2 weeks of healing the distance between
intercept B and intercept L (Fig. 2) was
0.3 ! 0.1mm. The corresponding dis-
tances after 4 and 8 weeks of healing
were 0.9 ! 0.3 and 1.9 ! 0.2mm.

Alterations of the width of the bone crest
during healing

The width of the buccal and lingual
bone walls at Levels A, B, and C is
described in Table 1.

At all four examination intervals and
at each of the three levels, the buccal
bone wall was thinner than the lingual
bone wall. Further, the width of both the
buccal and the lingual bone walls was
greater at Level B than at Level A and
greater at Level C than at Level B.

Discussion

The present experiment demonstrated
that marked dimensional alterations
occurred during the early phase – 8
weeks – following the extraction of
mandibular premolars. Thus, in this
interval there was a marked osteoclastic
activity resulting in resorption of the
crestal region of both the buccal and the
lingual bone wall. The reduction of the
height of the walls was more pro-
nounced at the buccal than at the lingual
aspect of the extraction socket.

The observation that following tooth
extraction the amount of vertical bone
loss became more pronounced on the
buccal than on the lingual socket wall
is in agreement with previous clinical

studies (e.g. Johnson 1963, 1969, Pie-
trokovski & Massler 1967, Schropp
et al. 2003). The current findings are also
in agreement with data recently pub-
lished by Botticelli et al. (2004). They
assessed dimensional alterations that
occurred in the alveolar ridge during a
4-month period following implant pla-
cement in fresh extraction sockets. The
distance between the implant surface
and the buccal and lingual/palatal bone
walls was measured at baseline and at
re-entry after 4 months. The authors
concluded, ‘‘during the 4-month inter-
val following tooth extraction the buc-
cal bone dimension had undergone
horizontal resorption that amounted
to about 56%. The corresponding re-
duction of the lingual/palatal bone wall
was 30%’’.

In preparation for removal of the
distal roots, crevice incisions were made

Fig. 9. Overview of the extraction site after
8 weeks of healing. The entrance of the
socket is sealed by a hard tissue ridge that is
comprised of woven bone and lamellar
bone. The central portion of the socket is
dominated by bone marrow. Note that the
marginal portion of the buccal wall (arrow)
is about 2mm ‘‘apical’’ of the marginal
termination of the lingual wall. B, buccal;
BM, bone marrow; L, lingual; arrow,
marginal portion of the buccal wall. H&E
staining; original magnification " 16.

Fig. 10. Eight weeks of healing at the
crestal buccal bone wall. Note the large
number of osteoclasts (arrows) that are
present on the surface of the old cortical
bone. The woven bone is in the process of
remodelling. CO, old cortical bone; WB,
newly formed woven bone; O, outer surface
of the wall; arrows, osteoclasts; dotted line,
borderline between the woven bone and the
old cortical bone. H&E staining; original
magnification " 200.
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Fig. 11. Histogram describing the vertical
distance between the buccal and lingual
intersections with C–C (Fig. 2). At 1 week
the buccal crest was located ‘‘coronal’’ of
the lingual crest, but after 2, 4, and 8 weeks
of healing the buccal crest was consistently
‘‘apical’’ of its lingual counterpart.
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Nous  pouvons  observer  sur  ces  images  les  différentes  phases  de  la  reconstruction 

osseuse  à  partir  du  caillot  aux différents  temps  suivants  (respectivement  de  gauche  à 

droite) : 

J+ 1 semaine 

J+ 2 semaines 

J+ 4 semaines 

J+ 8 semaines. 

 

 

 

L’évaluation  quantitative  de  la  cicatrisation  et  du  remodelage  osseux  de  la mandibule 

suivant l’extraction a été observée chez le rat par Elsubeihi  en 2004 (28). Le but de cette 

étude était d’évaluer la cicatrisation des alvéoles après l’extraction des molaires et d’une 

incisive de mandibule de rat. Les valeurs quantitatives ont été déterminées grâce à des 

moyens  histométriques  et  radiographiques  permettant  de  mesurer  notamment  le 

volume d’os  total (TBV), la densité minérale osseuse (BMD) et le contenu minéral de l’os 

(BMC). L’étude a été suivie pendant 112 jours après  l’extraction. 

• Le BMC et le TBV augmentent respectivement jusqu’au 56ème jour et 112ème  jour 

post extraction. 

• La vitesse d’augmentation la plus importante du TBV et de la BMD apparaît entre 

0 et 28 jours pour ensuite se réduire. 

• On note  une minéralisation  accrue  de  l’os mandibulaire  jusqu’à  28  jours  après 

l’extraction. 

• On  peut  observer  que  la    TBV  de  l’os  mandibulaire  augmente  constamment 

jusqu’à 112 jours. 

• Parallèlement,  il  est  noté  une  diminution  de  la  hauteur  et  de  l’épaisseur  de  la 

mandibule  édentée  après  extraction  dentaire.  Ainsi  la  surface  de  section  de  la 

mandibule diminue globalement après extractions dentaires. 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On remarque que le contenu minéral osseux (BMC) atteint son maximum à J+28. C’est à 

cette période que la minéralisation osseuse est la plus importante. 

 

 

 
Ref : 28 

Le volume total d’os est croissant en permanence avec le temps de cicatrisation. 

 

Figure 3 Changes in BMC of the body of edentulous mandibles following teeth extraction. Each data point is the
mean! S:D: of 8—9 animals. a Significantly different from0 time (P< 0.05). b Significantly different from0 time (P < 0:01).

Figure 4 Changes in total surface area of DEXA images of the body of edentulous mandibles following teeth
extraction. Each data point is the mean! S:D: of 8—9 animals. a Significantly different from 0 time and 14 days post-
extraction (P < 0:05).

Table 1 Changes in BMD, BMC and surface area of DEXA images of whole edentulous mandibles following teeth
extraction.

Time (days post-extraction)

0 14 28 56 112

BMD (gm/cm2) 0.1463 ! 0.017 0.1798b ! 0.018 0.1881a ! 0.021 0.1882a ! 0.014 0.1862a ! 0.028
BMC (gm) 0.2334 ! 0.023 0.2782c ! 0.018 0.2792c ! 0.030 0.2714 ! 0.034 0.2544 ! 0.031
Area (cm2) 1.596 ! 0.14 1.549 ! 0.17 1.489 ! 0.13 1.442 ! 0.083 1.366c,d ! 0.094

Data presented as means! S:D: of 8—9 animals.
a Significantly different from 0 time (P < 0:001).
b (P < 0:01).
c (P < 0:05).
d Significantly different from 14 days post-extraction (P < 0:05).
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extraction (Fig. 2). The CV% was 1.4 for the body of
the mandible and 1.3% for the whole mandible.

BMC of the body of themandible was increased by
22.7% (P < 0:05) at 14 days post-extraction (Fig. 3),
remained elevated until 28 days post-extraction
(26.5%; P < 0:01) and then decreased. The BMC of
the body of the mandible at 112 days post-extrac-
tion was not significantly different from that at the
time of extraction.

The total surface area of the image of the body of
the mandible decreased by 15.9% (P < 0:05) from 0
to 112 days post-extraction (Fig. 4).

Changes in BMD, BMC and surface area of the
whole mandible were similar to those seen in the
body of the mandible as shown in Table 1.

Total bone volume of edentulous mandible
as measured on backscattered images

Total bone volume (TBV/TV%), that is the total
bone area expressed as a percentage of total
tissue area, increased by 35.1% from the time of
extraction to 112 days post-extraction (P < 0:001)
as shown in Fig. 5. It increased by 9.5% from

Figure 5 Total bone volume (TBV/TV%) of edentulous mandibles following teeth extraction as measured on
backscattered images. Each data point is the mean! S:D: of 7—8 animals. a Significantly different from 0 time. b

Significantly different from 0 time and 14 days post-extraction. c Significantly different from 0 time, 14 and 28 days
post-extraction. d Significantly different from 0 time, 14 and 28 days post-extraction (P < 0:001). TBV/TV% at 112 days
was not significantly different from that at 56 days post-extraction (P ¼ 0:108).

Figure 6 Cross-sectional area of edentulous mandibles following teeth extraction as measured on backscattered
images. Each data point is the mean! S:D: of 7—8 animals. a Significantly different from 14 days post-extraction
(P < 0:001). b Significantly different from 0 time (P < 0:01). c Significantly different from 0 time and 14 days post-
extraction (P < 0:001). d Significantly different from 28 days post-extraction (P < 0:01).

406 E.S. Elsubeihi, J.N.M. Heersche
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La surface de section de la mandibule édentée diminue avec le temps. 

 

extraction (Fig. 2). The CV% was 1.4 for the body of
the mandible and 1.3% for the whole mandible.

BMC of the body of themandible was increased by
22.7% (P < 0:05) at 14 days post-extraction (Fig. 3),
remained elevated until 28 days post-extraction
(26.5%; P < 0:01) and then decreased. The BMC of
the body of the mandible at 112 days post-extrac-
tion was not significantly different from that at the
time of extraction.

The total surface area of the image of the body of
the mandible decreased by 15.9% (P < 0:05) from 0
to 112 days post-extraction (Fig. 4).

Changes in BMD, BMC and surface area of the
whole mandible were similar to those seen in the
body of the mandible as shown in Table 1.

Total bone volume of edentulous mandible
as measured on backscattered images

Total bone volume (TBV/TV%), that is the total
bone area expressed as a percentage of total
tissue area, increased by 35.1% from the time of
extraction to 112 days post-extraction (P < 0:001)
as shown in Fig. 5. It increased by 9.5% from

Figure 5 Total bone volume (TBV/TV%) of edentulous mandibles following teeth extraction as measured on
backscattered images. Each data point is the mean! S:D: of 7—8 animals. a Significantly different from 0 time. b

Significantly different from 0 time and 14 days post-extraction. c Significantly different from 0 time, 14 and 28 days
post-extraction. d Significantly different from 0 time, 14 and 28 days post-extraction (P < 0:001). TBV/TV% at 112 days
was not significantly different from that at 56 days post-extraction (P ¼ 0:108).

Figure 6 Cross-sectional area of edentulous mandibles following teeth extraction as measured on backscattered
images. Each data point is the mean! S:D: of 7—8 animals. a Significantly different from 14 days post-extraction
(P < 0:001). b Significantly different from 0 time (P < 0:01). c Significantly different from 0 time and 14 days post-
extraction (P < 0:001). d Significantly different from 28 days post-extraction (P < 0:01).

406 E.S. Elsubeihi, J.N.M. Heersche
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On peut observer des sections de mandibule édentées suivant extractions à J+0 (A), J+14 

(B), J+28 (C), J+56 (D) et J+112(E). 

* représente le coté lingual. 

 

 

Au  total,  après extraction de dents mandibulaires  il  existe une période de  remodelage 

osseux qui se traduit par une augmentation du BMC et du TBV mais qui résulte en une 

perte générale osseuse. 

 

 

The initial increase in maximal width is most likely
due to subperiosteal bone formation (Fig. 9). The
CV% for height width and cross-sectional area mea-
surements of the edentulous mandible was 0.06,
0.079 and 0.051%, respectively.

Changes in existing cancellous bone volume
as measured on backscattered images

In order to evaluate changes in amount of existing
cancellous bone remaining after loss of function
(that is after unilateral extraction of the molars
and the incisor) we measured cancellous bone
volume (Cn BV/TV%) in a well-defined area adjacent

to the extracted incisor socket (Fig. 1B and C). No
significant changes were observed in cancellous
bone volume (Fig. 10). The CV% for existing cancel-
lous bone volume measurement above the level of
the incisor was 2.14%.

Correlation between changes in bone
mineral density and total bone volume

In order to assess the sensitivity of DEXA (its ability
to monitor changes) following teeth extraction we
evaluated the correlation between BMD of the body
of the mandible and total bone volume over the
entire follow up period. There was a moderate but

Figure 9 Photomicrographs of backscattered electron microscopy images of buccal-lingual cross-sections of
edentulous mandibles following teeth extraction at 0 time (A), 14 days (B), 28 days (C), 56 days (D) and 112 days
(E) post-extraction. (*) Buccal side of the mandible. Bar ¼ 0.38 mm; X ¼ 80.

408 E.S. Elsubeihi, J.N.M. Heersche
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4.1.1.2. Influence des facteurs traumatiques concomitants de l’extraction sur la 
résorption osseuse 

 

En  2008,  Fickl  a  étudié  la  résorption  osseuse  chez  le  chien  après  l’extraction  des 

premières  et  secondes  prémolaires  (30).  Ces  extractions  ont  été  ou  non  associées  à 

certaines interventions chirurgicales donnant lieu ainsi à 4 groupes d’étude : 

• Groupe 1 : absence d’intervention post extraction. 

• Groupe  2 :  geste  chirurgical  à  type  d’élévation  et  de  repositionnement  d’un 

lambeau de pleine épaisseur gingival et périosté. 

• Groupe 3 : remplissage de l’alvéole d’extraction par du BioOss Collagène. 

• Groupe  4 :  élévation  et  repositionnement  d’un  lambeau  de  pleine  épaisseur 

associé à un comblement alvéolaire par du BioOss Collagène. 

L’étude démontre que les taux de résorption osseuse sont significativement plus faibles 

chez  les  animaux  qui  n’ont  pas  bénéficié  de  la  levée  de  lambeau  c’est  à  dire  dans  les 

groupes 1 et 3.  

Ces  résultats  indiquent  que  laisser  le  périoste  en  place  est  un  facteur  préservant  la 

résorption osseuse.  En conclusion, il est recommandé de respecter le périoste et d’être 

le plus atraumatique possible lors des avulsions  dentaires. 

 

Blanco insiste également sur ce point technique du respect du périoste dans son travail 

(14). La majeure partie de la croissance et de la vascularisation osseuse est apportée par 

les  vaisseaux  et  les  capillaires  du  périoste.  Cela  joue  également  un  rôle  dans  sa 

cicatrisation.  Si  les  vaisseaux  sanguins  sont  rompus  et  détachés  de  l’os  avec  le 

décollement  du  périoste,  la  vascularisation  ne  pourra  reprendre  qu’après  un  délai  de 

plusieurs semaines nécessaire à la régénération. 

 

 

4.1.1.3. Facteurs extérieurs limitant la résorption osseuse 
 

Dans le même travail chez le chien que ci‐dessus, Fickl rapporte que le comblement de 

l’alvéole d’extraction par du biocollagène (BioOss Collagène) suivie d’une fermeture de 

l’alvéole  avec  un greffon  gingival  libre  apparaît  bénéfique  pour  limiter  la  résorption 

osseuse après extraction dentaire (30). 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4.1.2. Etudes cliniques chez l’homme 
 

4.1.2.1. Remodelage naturel des alvéoles d’extraction chez l’homme 
 

Le  remodelage  des  alvéoles  d’extractions  chez  l’homme  a  été  étudié  par  Trombelli  à 

partir de 27 biopsies  chez 24 patients,  effectuées à des  temps différents de  la période 

post extraction (70). Ces  biopsies ont été réalisées à des temps précoces (2‐4 semaines), 

intermédiaires (6‐8 semaines) et tardifs (12‐24 semaines) de cicatrisation. L’étude était 

histologique.  

• Lors de la phase précoce, un tissu de granulation apparaît en grande quantité. 

• Ce  tissu  est  remplacé  à  la  phase  intermédiaire  par  la matrice  provisoire  et  l’os 

primaire. 

• La  présence  d’ostéoblastes  atteint  un  maximum  vers  6‐8  semaines  post 

extraction et leur nombre reste presque stable par la suite. 

• Un petit  nombre  d’ostéoclastes  est  présent  sur  quelques  échantillons  à  chaque 

période d’observation. 

 

 
Ref  70 :  Biopsie  obtenue  après  3  semaines  de  cicatrisation.  Le  tissu  est  riche  en 

vaisseaux,  fibroblastes  et  cellules  inflammatoires  et  est  caractérisé par  la  présence de 

tissu de granulation. 

Histomorphometric measurements

The composition of each tissue sample
is shown in Table 2. Only in samples
representing the early interval of healing
(2–4 weeks) could few, scattered ery-
throcytes be observed in various parts of

the sections. However, no definitive clot
formation could be distinguished.

Granulation tissue

In 4 out of 10 samples representing the
early healing interval, granulation tissue

could be observed (Table 2). In these
specimens, the richly vascularized, hea-
vy infiltrated tissue occupied between
67% and 100% of the samples exam-
ined. Six of the sections contained no
granulation tissue. The overall mean
area occupied by granulation tissue in
this healing interval was 35.9 ! 47.2%
(Fig. 10).

Only one of the six biopsies repre-
senting the intermediate healing interval
(6–8 weeks; Table 2) contained a typical
granulation tissue, whereas no specimen
in the 12–24 week interval harboured
this type of immature tissue.

Provisional matrix

A tissue rich in mesenchymal cells,
collagen fibres and vascular structures
was found in 7 out of 10 specimens from
the early healing interval. In these speci-
mens, the provisional matrix occupied
between 33% and 100% of the tissue
examined with mean value 57.2 !
44.2% (Table 2). All sections from the
intermediate healing period harboured
differently large zones (between 27%
and 98%; mean value 62.2 ! 23.8%)
of provisional matrix. Ten out of eleven
biopsies from the late healing interval
contained a typical provisional matrix
tissue. In these sections, between 35%
and 92% of the area examined contained
this type of tissue with mean value
58.5 ! 24.5%.

Woven bone and lamellar bone

Areas occupied by woven bone could be
observed already in specimens from the
2–4 week interval. Thus, in 6 out of 10
biopsies (Table 2) fingerlike projections
of newly formed bone could be identi-
fied. When present in the sections, this
immature bone occupied between 2%
and 34% of the tissue area (mean
6.9 ! 10.5%; Fig. 10).

In practically all specimens represent-
ing the intermediate and late healing
interval, woven bone was present and
occupied between 2% and 73% of the
tissue examined (mean value 6–8
weeks: 34.0 ! 24.6%; 12–24 weeks:
32.4 ! 18.4%). Lamellar bone and mar-
row was found in only one biopsy and
this tissue represented the 12–24 week
healing interval (Table 2).

Immunohistochemical analysis

Table 3 shows the presence of positive
cells for each staining.

Fig. 1. A biopsy obtained after 3 weeks of healing. The tissue is rich in vessels, fibroblasts
and inflammatory cells and is characterized as granulation tissue. Original magnification
"2.5. Inset: large amounts of inflammatory cells can be observed immediately beneath the
oral epithelium. Original magnification "10. H & E stain.

Fig. 2. Detail from Fig. 1 illustrating vascular structures that have been stained with CD 31.
Note the large amount of vessels of varying diameters including several vascular sprouts
(arrows). Original magnification "10.
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Ref 70 : Après 4  semaines de cicatrisation, on  retrouve dans  la matrice provisoire des 

cellules mésenchymateuses  ainsi  que  des  fibres  et  des  vaisseaux.  Il  ne  reste  plus  que 

quelques cellules inflammatoires. 

 
Ref 70 : Biopsie réalisée 6 semaines après l’intervention.  On peut remarquer la présence 

des trabéculations d’os spongieux qui surviennent dans une matrice provisoire riche en 

cellules et fibres. 

 

Les  résultats  de  cette  étude  montrent  une  grande  variabilité  interhumaine  en  ce  qui 

concerne la formation de tissu solide à l’intérieur des alvéoles d’extraction. 

Bien  que  la  matrice  provisoire  se  forme  de manière  régulière  pendant  les  premières 

semaines  de  cicatrisation,  le  moment  d’apparition  de  l’os  minéralisé  semble  être 

imprévisible selon les individus. 

 

 

 

 

The number of CD31 positive cells
per area unit (mm2) was 33.0 ! 12.2 at
2–4 weeks, 27.2 ! 5.6 at 6–8 weeks and
19.0 ! 8.8 at 12–24 weeks.

BMP-7 score shifted from 1.5 ! 0.6
at 2–4 weeks to 2.8 ! 1.0 at 6–8 weeks,
and 2.1 ! 1.2 at 12–24 weeks.

Osteocalcin score shifted from
1.4 ! 0.6 at 2–4 weeks to 2.5 ! 1.0 at

6–8 weeks, and 1.9 ! 0.8 at 12–24
weeks.

CD68 score shifted from 2.8 ! 1.0 at
2–4 weeks to 2.1 ! 1.1 at 6–8 weeks,
and 1.1 ! 0.4 at 12–24 weeks.

RANK/TNFRSF 11A-positive cells
were detected in low numbers (one to
two cells) in only 3 out of 10 specimens
at 2–4 weeks. At 6–8 weeks, only few

(one to three cells) osteoclasts were
found in five out of the six samples. In
one sample, however, a large number of
osteoclasts (410 cells) were stained. In
specimens representing 12–24 weeks,
few osteoclasts were found in 6 out of
11 samples; i.e. five were negative.

Discussion

The overall findings from the present
study demonstrated that the healing of
an extraction socket, as disclosed in our
panel of subjects, followed a pattern
similar to that previously described
from histological examinations of tis-
sues harvested from socket sites in man
and animals (for review see Chen et al.
2004, Cardaropoli 2006). The process of
bone modeling/remodeling described in
the present biopsy samples has several
features in common with intra-membra-
neous bone formation (Whistson 1994)
and bone formation that occurs in mem-
brane protected defects in the alveolar
ridge (Schenk et al. 1994). Data also
disclosed that (i) the rate of healing
varied markedly between subjects; (ii)
the process of remodeling, i.e. the repla-
cement of woven bone with lamellar
bone and marrow was slow. Only 1 of
the 11 specimens representing 12–24
weeks of healing comprised mature
bone, i.e. lamellar bone and marrow;
(iii) density of vascular structures was
high at 2–4 and 6–8 weeks and tended to
decrease in the 12–24 week specimens;
(iv) presence of osteoblasts peaked at 6–
8 weeks and remained almost stable
thereafter; (v) macrophages slowly
decreased from 2 to 4 weeks over time
and (vi) osteoclasts were present in
only few specimens at each observation
interval.

Immediately after tooth extraction, the
socket fills with blood and clot formation
occurs (Amler 1969, Cardaropoli et al.
2003). In the present material, erythro-
cytes scattered in between mesenchymal
cells were frequently observed in the
tissue from biopsies representing 2–4
weeks, although typical clot formations
(erythrocytes, platelets and leukocytes
entrapped in a dense fibrin network)
could not be observed in any of the
tissues examined. This finding is in
agreement with data presented by Amler
et al. (1960) and Amler (1969) who
documented that the blood clot that first
filled the socket space was almost
entirely remodeled within the first
week after tooth removal. Furthermore,

Fig. 3. A biopsy obtained after 4 weeks of healing. The provisional matrix comprises
mesenchymal cells densely packed fibres and vessels. Only few inflammatory cells can be
observed. Original magnification "2.5. Inset: at the lateral border of the section, minute areas
of woven bone formation can be identified. Original magnification "10. H & E stain.

Fig. 4. Detail from Fig. 3 illustrating vascular structures that have been stained with CD 31.
Original magnification "10.
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most of the granulation tissue that
occurred in samples representing the
early phase (2–4 weeks) of healing,
had in the interval between the early
and intermediate healing phase (6–8

weeks) apparently been replaced with
provisional matrix and woven bone.
This observation corroborates findings
by Amler et al. (1960) and Evian et al.
(1982) who reported that between the

first and third week of socket healing
there was a progressive replacement of
granulation tissue with connective tis-
sue. Provisional matrix and woven bone
also dominated in biopsies from the late
phase of healing (12–24 weeks) of the
current study, and only one specimen
(representing 12 weeks) included sub-
stantial amounts of lamellar bone and
marrow. In other words, whereas tissue
modeling in the human extraction sites
appeared to be a comparatively fast
process, remodeling of the newly
formed hard tissue was seemingly slow.

The observation that bone remodeling
of extraction sites in man is a slow
process is in many respects consistent
with data presented by Schropp et al.
(2003). They used clinical and radio-
graphic means to monitor tissue altera-
tions within and outside extraction sites
in the premolar and molar regions of 46
patients. The data described by the
authors disclosed that the dimensions
of the extraction sites were markedly
reduced after tooth removal. Thus, at
3 months430% and at 12 months450%
of the buccal–lingual/palatal width of
the marginal portion of the ridge was
lost after tooth removal. Moreover, it
was noted that large amounts of miner-
alized tissue formed in the sockets dur-
ing the first 6 months whereas in the
interval between 6 and 12 months, the
amount of newly formed mineralized
tissue was substantially reduced (woven
bone was replaced with lamellar bone
and marrow). The findings by Schropp
et al. (2003) thus demonstrate that heal-
ing of an extraction site in man proceeds
with the resorption of the marginal
socket walls as well as with varying
degree of hard tissue fill within the
socket. It is important to emphasize
that the biopsy technique used in the
current study limited the analysis to the
intra-alveolar events.

In a recent publication, Chen et al.
(2004) reported on osseous regeneration
in human extraction sockets and
included four studies with histologic
documentation in their review (Amler
et al. 1960, 1969, Boyne 1966, Evian
et al. 1982). Amler (1969) claimed that
after about 40 days of healing two-third
of the sockets were filled with miner-
alized bone, whereas Evian et al. (1982)
stated that the sockets were completely
filled with bone after 10 weeks of heal-
ing. The findings from the current study
could only in part corroborate the above
findings. Thus, in specimens obtained
between 6 and 8 weeks woven bone

Fig. 5. Decalcified section obtained from a biopsy sampled after 6 weeks of healing. Note the
presence of trabeculae of immature woven bone that occur in a cell and fibre-rich provisional
matrix. Original magnification !2.5. Inset: the projections of woven bone are enclosing
vascular structures to form primary osteons. Original magnification !10. H & E stain.

Fig. 6. Detail from Fig. 5 illustrating osteoblasts that line the newly formed woven bone as
well as osteocytes within the immature bone. Osteocalcin staining. Original magnification
!20.
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4.1.2.1. Facteurs influençant le remodelage osseux 
 

Kingsmill,  dans  une  revue  étendue  de  la  littérature  publiée  en  1999,  insiste  sur 

l’importance  des  facteurs  locaux  et  généraux  qui  jouent  un  rôle  essentiel  dans  le 

remodelage post extractionnel de la mandibule (42). 

• les facteurs fonctionnels locaux jouent un rôle majeur grâce à l’effet de stress 

mécanique de l’os limitant ainsi la résoption : 

o présence ou absence de dents, 

o sollicitation musculaire, 

o nature et importance des forces appliquées, 

o répartition des points de contacts, 

o présence de prothèses et de leur extension, 

o durée du port des prothèses. 

    
Ref  71 :  La  perte  d’une  dent  enlève  le  stress  mécanique  de  l’os 

favorisant sa résorption. 

• Les  facteurs  anatomiques  ont  également  une  place  importante  quant  au 

remodelage osseux : 

o forme du faciès, 

o taille de la mandibule à l’origine, 

o profondeur des alvéoles dentaires, 

o qualité de l’os (disponibilité des cellules osseuses), 

o état de la vascularisation, 

o insertions musculaires. 

• Les phénomènes inflammatoires influent sur la résorption osseuse : 

o traumatisme post extractionnel, 

o présence initiale d’une infection, 

o maladie parodontale, 

o inflammation muqueuse, 



  27 

o défaut d’hygiène dentaire. 

• Les  facteurs  systémiques  doivent  aussi  être  pris  en  compte  pour  évaluer  la 

résorption osseuse tels que : 

o l’âge, plus il est avancé, plus la résorption peut être importante 

o le sexe, 

o l’état ostéo‐musculaire, 

o les éventuelles pathologies associées, 

o les  addictions  (le  tabac  par  exemple  diminue  la  vascularisation  de 

l’os…) 

 

 
Ref 42 : Section d’une mandibule chez une femme de 83 ans (à droite) et d’un homme de 

69 ans illustrant la grande différence qu’il peut y avoir entre les individus. Dans les deux 

cas, les patients étaient édentés et la zone sectionnée est spatialement comparable, juste 

derrière le foramen mentonnier. 

 

En  2010,  Oghli  étudie  les  résultats  de  trois  types  de  procédure  portant  sur  173  sites 

d’extraction (52) : 

• Groupe A : extraction atraumatique 

• Groupe B : extraction atraumatique et greffe autogène de tissus mous 

• Groupe C : extraction atraumatique, remplissage de l’alvéole par du collagène et 

fermeture de l’alvéole. 

Les patients ont été suivis jusqu’à 3 mois après l’extraction. 

and external oblique ridges, which become increasingly
prominent (Neufeld, 1958; Osborne, 1963) and, in extreme
cases, may require surgical reduction for the provision of
dentures. The stability of these regions has been attrib-
uted to their being composed of cortical bone (Devlin and
Ferguson, 1991), though functional factors are likely to
have a greater influence (Klemetti et alt, 1994d). In the hor-
izontal plane, the majority of the bone loss occurs from
the buccal aspect in the upper jaw, resulting in a reduction
in palatal width and length, as well as height (Fish, 1947,
Likeman and Watt, 1974). The situation is more complex
in the mandible, with the majority of loss occurring from
the labial aspect anteriorly and from the lingual aspect
posteriorly (Fish, 1947; Watt and MacGregor, 1986), thus
matching the regions where the cortex is inherently more
porous (Atkinson and Woodhead, 1968), and where the
rate of bone turnover is higher (Kingsmill and Boyde,
1998b). Some resorption is also seen buccally
(Pietrokovski and Massler, 1967; Pietrokovski, 1975; Enlow
et al, 1976; Wang, 1989), but the arch width of the edentu-
lous mandible is, on average, 7 mm greater than that of
the edentulous maxilla (measured immediately anterior
to the retromolar pads and tuberosities, respectively;
Parkinson, 1978)

A cross-sectional histological study of 15 mandibles
exhibiting various stages of tooth loss (Enlow et a)., 1976)
described variations in the areas of surface resorption
and apposition in the different mandibles. This study
concluded that the resorptive and depository areas are
similar to those present during growth. This agrees with
the findings of a longitudinal radiographic study span-
ning a period of 25 years (Tallgren, i972) which showed
that the intra-individual pattern of bone loss remains
fairly constant, yet that there is inter-individual variation
in both the pattern and rate of loss. In the subjects in
this latter study, between 20 and 120 mm2 Of bone was
lost from the lateral projection of the mandibular mid-
line over a 13.5-year period of denture wear (see Fig.).

(1.3) RATE AND DURATION OF LOSS

Most of the bone loss occurs in the first year after extrac-
tion, with the highest rate being in the first few months
(Atwood, 1957; Tallgren, 1966, Carlsson and Persson,
1967, Likeman and Watt, 1974). However, continued
bone loss from the mandible can still be detected up to
25 years post-extraction, reducing much sooner (or even
ceasing in some individuals) in the maxilla (Brehm and
Abadi, 1980). The maxilla shows, on average, one-quarter
of the reduction of the mandible after a period of seven
years (Taligren, 1966; Kalk and de Baat, 1989).

It has been suggested that the reduction in the rate
of bone loss with time was due to the resorbing ridge los-
ing contact with the base of the denture (Devlin and
Ferguson, 1991), which would therefore no longer be

Figure. Mandibular sections from an 83-year-old female and a
69-year-old male illustrating the large differences that may be
seen between individuals. In both cases, the individuals were
edentulous, and the sections were taken from comporable sites,
just posterior to the mental foramen. Neither mandible showed
any evidence of healing of extraction sockets, indicating that
tooth loss had not been a recent event. Scale marker = 1 cm.

subjected to unfavorable loading. This seems unlikely
Not only did Tallgren (1972) show this pattern of loss in
patients with well-maintained dentures, but also even
poorly fitting dentures will make contact with the under-
lying tissues in some regions.

(1.4) EXTENT OF LOSS

Many texts loosely describe the bone that is lost after
tooth extraction as being that which formerly belonged
to the alveolar processes (Roth and Calmes, 1981), but
since the alveolar bone is arbitrarily taken as ending at
the root apices (Berkovitz et cil., 1992), its delineation is
lost once the teeth are removed. In 1928, Brash stated
that there is ..no essential difference between alveolar
bone and the bone of the base, because the former
becomes progressively transformed into the latter'.
However, confusion has arisen in connection with the
terminology of the bone surrounding the teeth. The alveo-
lar bone proper (the very thin cribriform plate which
immediately abuts the periodontal ligament and gives
rise to the radiographic appearance of the lamina dura),

10(3) 384 404 (19991 Grit Rev Oral Biol Med
385

38510(3):384-404 (1999) Crit Rev Oral Biol Med



  28 

• Aucune différence significative n’est observée quant à la préservation de la crête 

osseuse entre les trois groupes. 

• Il  existe  cependant  une  tendance  à  la  préservation  de  la  crête  lorsqu’il  y  a  un 

apport de collagène. 

La technique d’extraction atraumatique résulte en une résorption d’os significativement 

moindre comparée à la technique classique qui consiste à mobiliser la dent latéralement 

avec  un  élévateur.  Il  est  recommandé  de  simplement  effectuer  une  rotation  et  une 

traction  sur  la  dent,  pour  réaliser  une  extraction  atraumatique.  Ainsi,  les  tissus 

avoisinants sont protégés et respectés au maximum. 

Les résultats de l’étude le confirment et montrent bien que la méthode d’extraction est 

probablement le facteur le plus important de prévention ou de réduction de la perte d’os 

alvéolaire, indépendamment de la manière de traiter l’alvéole après l’extraction. 

 

 

4.1.3. Synthèse sur le remodelage des alvéoles après extraction. 
 

Après extraction,  l’alvéole est rapidement comblée par du tissu de granulation laissant 

place à la matrice provisoire et à l’os primaire peuplé d’ostéoblastes vers 6 à 8 semaines 

après extraction. 

Les facteurs externes jouent un rôle important dans le remodelage post extractionnel. Il 

en  est  ainsi  des  forces  en  présence  sur  la  zone  sujette  au  remodelage  osseux,  des 

sollicitations et pressions exercées localement qui préviendraient la résorption osseuse. 

Cette hypothèse a joué un rôle pour développer l’idée que l’implantation immédiate, en 

maintenant localement les sollicitations sur la zone de remodelage, pourrait éviter une 

résorption osseuse prononcée. 

Chez  le  chien,  il  est  préférable  de  laisser  le  périoste  en  place  pour  préserver  la 

résorption osseuse. Le comblement de  l’alvéole par du biocollagène et  la  fermeture de 

l’alvéole avec un greffon gingival  libre paraissent bénéfiques pour limiter la résorption 

osseuse. 

Enfin, on remarquera que le taux de minéralisation de l’alvéole atteint son maximum 28 

jours après l’extraction dentaire. 

L’acte d’avulsion atraumatique (conservation de l’attache du périoste avec délabrement 

du  parodonte  à  minima)  et  le  comblement  par  du  biocollagène  ainsi  que  le 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recouvrement par un greffon gingival libre sont des conditions importantes pour limiter 

la résorption osseuse 

Après l’avulsion de dents, la crête alvéolaire subit un remodelage chez l’animal de même 

que  chez  l’homme  qui  aboutit  à  une  résorption  prononcée  de  l’os  alvéolaire 

essentiellement coté vestibulaire. 

Les études suivantes ont donc pour objet l’étude du remodelage des alvéoles après pose 

immédiate des implants. 

 

4.2. Etudes sur le remodelage des alvéoles après pose immédiate 
des implants 

 

4.2.1. Études du remodelage des alvéoles chez l’animal 
 

En 2005,  le but d’une nouvelle  étude menée par Araujo a  été d’évaluer  le  remodelage 

osseux qui suit une IIPE et de le comparer à la résorption osseuse après une extraction 

dentaire  simple  (2).  Chez  5  chiens,  les  troisième  et  quatrième  prémolaires  étaient 

extraites après la levée d’un lambeau de pleine épaisseur dans les deux quadrants de la 

mandibule. Du coté droit, des implants étaient mis en place immédiatement alors que du 

côté  gauche,  les  alvéoles  étaient  laissées  pour  une  cicatrisation  spontanée.  Trois mois 

plus  tard,  les  animaux  ont  été  examinés  cliniquement  puis  euthanasiés.  Les  régions 

opératoires ont  été disséquées et analysées histologiquement. 

• La hauteur des parois  alvéolaires vestibulaires  et  linguales  est  similaire  sur  les 

sites implantés et sur les sites édentés. 

• La perte osseuse verticale est plus  importante du coté vestibulaire que du coté 

lingual sur toutes les alvéoles. 

• Par ailleurs, la mise en place immédiate d’un implant ne permettrait pas d’éviter 

la résorption osseuse qui survient sur les parois de l’alvéole. 

 

Poursuivant  ses  recherches,  Araujo  démontre  en  2006  que  l’IIPE  ne  réussit  pas  à 

préserver  le  tissu  osseux  ni  sur  le  versant  buccal,  ni  sur  le  versant  lingual  où  la 

résorption  osseuse  est  observée.  Du  côté  vestibulaire  se  produit  une  perte  de  l’ostéo 

intégration (3). 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Ref 3 : Biopsie effectuée 4 semaines après IIPE chez le chien au niveau des molaires. 

 

L : Lingual Bone Wall= Table Osseuse Linguale 

B : Buccal Bone Wall = Table Osseuse Vestibulaire 

PM : Peri‐Implant Mucosa = Muqueuse péri‐implantaire 

AB : Alvéolar Bone= Os Alvéolaire 

NB : New Bone = Os Nouvellement Formé 

On observe un début d’hiatus entre  l’implant et  l’os, plus exprimé du coté vestibulaire 

(a) que lingual (b) ainsi qu’un niveau osseux plus bas en vestibulaire dans les deux sites. 

Au  niveau  des  molaires,  il  y  a  une  manifestation  plus  importante  de  l’hiatus  péri‐

implantaire. 

Les flèches montrent une activité ostéoclastique importante à l’extérieur de l’alvéole. 

 

two components to the various dimensions

assessed.

Paolantonio et al. (2001) included 48

patients in a study to determine the out-

come of ‘implantation in fresh extraction

sockets’. One implant was placed in an

extraction socket and one implant in a fully

healed ridge. The implants, together with

surrounding tissues, were removed after 12

months and ground sections were prepared.

The authors stated that when a ‘screw-type

dental implant . . . is placed into a fresh

extraction socket . . . the clinical outcome

and degree of osseointegration does not

differ from implants placed in healed, ma-

ture bone’. This study, however, did not

report data for buccal–lingual sites and did

not include information on whether loss of

crestal bone height had occurred. Findings

from experiments in humans and dogs,

however, (Botticelli et al. 2003a, 2003b;

Araújo et al. 2005) demonstrated that

marked reduction of the height of the

alveolar ridge consistently occurred follow-

ing tooth extraction, and that implant in-

stallation in the fresh extraction socket did

not interfere with the process of bone

modeling. Further, in a clinical study com-

paring bone healing following implant pla-

cement immediately after tooth extraction

or after 6–8 weeks, Covani et al. (2004)

observed that marked reduction of the

buccal–lingual width of the bone ridge

had occurred 4–6 months after implant

placement and independent of the timing

of implant placement. The objective of the

present experiment was to determine

whether modeling of the alveolar ridge

that occurs following tooth extraction and

implant placement (i) was influenced by

the size of the hard tissue walls of the

socket, and (ii) would continue after the

first 4 weeks of healing, i.e. once most of

the effect of the surgical trauma was over-

come.

Material and methods

The Ethics Committee for Animal Re-

search at the University of Maringa, Brazil,

approved the study protocol.

Six beagle dogs about 1-year-old were

included in the experiment. The animals

were fed a pellet diet and subjected to

regular mechanical tooth and implant

cleaning.

During surgical procedures, the dogs

were anesthetized with intravenously ad-

ministered Pentothal Natrium
s

(30mg/

ml; Abbot Laboratories, Chicago, IL, USA).

The third premolars and first molars in

both quadrants of the mandible (3P3 and

1M1) were used as experimental teeth. The

mesial root canals were reamed and filled

with gutta-percha.

Mucoperiostal full-thickness flaps were

elevated to disclose the buccal and

lingual hard tissue wall of the ridge. The

experimental teeth were hemi-sected

and the distal roots were removed with

the use of forceps. The buccal–lingual

dimension of the entrance of the fresh

extraction socket was measured using a

sliding caliper.

Implants (Straumann
s

Standard Im-

plant, 4.1mm wide and 6 or 8mm long;

Straumann, Waldenburg, Switzerland)

were installed in the fresh extraction sock-

ets. The recipient sites were prepared for

implant installation according to the guide-

Table 1. Results of histometric measurements (mean and SD) describing the distance
between the various landmarks

SLA-C SLA-B/I C-B/I

Buccal Lingual Buccal Lingual Buccal Lingual

4 weeks
Premolar ! 0.7 (0.6) 1.4 (0.2) ! 0.8 (0.7) ! 0.2 (0.1) 0.1 (0.4) 1.5 (0.6)
Molar 0.2 (0.9) 0.8 (0.9) ! 1.5 (0.3) ! 0.6 (0.5) 1.7 (1.5) 1.4 (1.7)
12 weeks
Premolar ! 2.1 (0.5) 0.4 (0.3) ! 2 (0.5) ! 0.1 (0.2) 0.1 (0) 0.5 (0.3)
Molar ! 1 (0.7) 0 (0.9) ! 0.8 (0.8) ! 0.6 (0.6) 0.2 (0.3) 0.6 (0.6)

Negative values indicate that C or B/I were apical to SLA.

For abbreviations, see Fig. 2.
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Fig. 4. Premolar site; 4 weeks. Buccal–lingual section. B, buccal bone wall; L, lingual bone wall; I, implant;

PM, peri-implant mucosa. Ladewig’s fibrin staining; original magnification " 1.6.
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lines provided by the manufacturer. The

marginal level of the modified, SLA-coated

surface of the implant was following place-

ment consistently located apical of the

buccal bone crests (Fig. 1). Healing caps

(Straumann
s

Dental Implant System, Wal-

denburg, Switzerland) were adjusted to the

implants. The flaps and the wound mar-

gins were replaced and secured to allow a

semi-submerged healing of the experimen-

tal sites. The sutures were removed after

2 weeks. The root extraction and implant

installation procedure was first performed

in the right side of the mandible. Two

months later, an identical procedure was

repeated in the left mandible. The animals

were sacrificed 1 month after the second

extraction and implantation procedure.

The dogs were sacrificed with an overdose

of Pentothal Natrium
s

(Abbot Laboratories,

Chicago, IL, USA) and perfused, through the

carotid arteries, with a fixative containing a

mixture of 5% glutaraldehyde and 4% for-

maldehyde (Karnovsky 1965). The mand-

ibles were dissected. Each implant site was

removed using a diamond saw (Exact
s

Apparatebeau, Norderstedt, Hamburg, Ger-

many). The biopsies were processed for

ground sectioning according to the methods

described by Donath & Breuner (1982) and

Donath (1988). The samples were dehy-

drated in increasing grades of ethanol, infil-

trated with methacrylate (Technovit
s

7200

VLC-resin; Kulzer, Friedrichrsdorf, Ger-

many), polymerized and sectioned in the

buccal–lingual plane using a cutting–grind-

ing device (Exakt
s

, Apparatebau). From

each biopsy unit, one buccal–lingual section

representing the central area of the site was

prepared. The sections were reduced to a

thickness of about 20mm by micro-grinding

and polishing. The sections were stained in

Ladewig’s fibrin stain (Donath 1993).

Histological examination

The examinations were made in a Leitz

DM-RBE
s

microscope (Leica, Wetzlar,

Germany).

In the sections, linear measurements

(magnification ! 16) were made between

the following landmarks (Fig. 2):

SLA: the marginal termination of the

rough surface;

C: the crest of the buccal or lingual

bone wall; and

B/I: the most coronal point of contact

between bone and implant.

The width of the buccal and lingual bone

walls was determined by measuring the

distance between the buccal or lingual sur-

face of the implant body and the outer

surface of the hard tissue wall. The assess-

ments were made at the SLA level and 1, 2

and 3mm apical of SLA.

The mean values and standard deviation

among animals were calculated for each

variable and implant location.

Results

The mean buccal–lingual width of the

entrance of the extraction socket of the

premolar sites was 3.8" 0.3mm, while

I
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Fig. 5. Buccal–lingual section of premolar site. Higher magnification of the areas (squares) outlined in Fig. 4.

Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. AB, alveolar bone; NB, new bone;

I, implant. Ladewig’s fibrin staining; original magnification ! 5.0.
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Fig. 6. Molar site; 4 weeks. Buccal–lingual section. B, buccal bone wall; L, lingual bone wall; I, implant;

PM, peri-implant mucosa. Ladewig’s fibrin staining; original magnification ! 1.6.
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lines provided by the manufacturer. The

marginal level of the modified, SLA-coated

surface of the implant was following place-

ment consistently located apical of the

buccal bone crests (Fig. 1). Healing caps

(Straumann
s

Dental Implant System, Wal-

denburg, Switzerland) were adjusted to the

implants. The flaps and the wound mar-

gins were replaced and secured to allow a

semi-submerged healing of the experimen-

tal sites. The sutures were removed after

2 weeks. The root extraction and implant

installation procedure was first performed

in the right side of the mandible. Two

months later, an identical procedure was

repeated in the left mandible. The animals

were sacrificed 1 month after the second

extraction and implantation procedure.

The dogs were sacrificed with an overdose

of Pentothal Natrium
s

(Abbot Laboratories,

Chicago, IL, USA) and perfused, through the

carotid arteries, with a fixative containing a

mixture of 5% glutaraldehyde and 4% for-

maldehyde (Karnovsky 1965). The mand-

ibles were dissected. Each implant site was

removed using a diamond saw (Exact
s

Apparatebeau, Norderstedt, Hamburg, Ger-

many). The biopsies were processed for

ground sectioning according to the methods

described by Donath & Breuner (1982) and

Donath (1988). The samples were dehy-

drated in increasing grades of ethanol, infil-

trated with methacrylate (Technovit
s

7200

VLC-resin; Kulzer, Friedrichrsdorf, Ger-

many), polymerized and sectioned in the

buccal–lingual plane using a cutting–grind-

ing device (Exakt
s

, Apparatebau). From

each biopsy unit, one buccal–lingual section

representing the central area of the site was

prepared. The sections were reduced to a

thickness of about 20mm by micro-grinding

and polishing. The sections were stained in

Ladewig’s fibrin stain (Donath 1993).

Histological examination

The examinations were made in a Leitz

DM-RBE
s

microscope (Leica, Wetzlar,

Germany).

In the sections, linear measurements

(magnification ! 16) were made between

the following landmarks (Fig. 2):

SLA: the marginal termination of the

rough surface;

C: the crest of the buccal or lingual

bone wall; and

B/I: the most coronal point of contact

between bone and implant.

The width of the buccal and lingual bone

walls was determined by measuring the

distance between the buccal or lingual sur-

face of the implant body and the outer

surface of the hard tissue wall. The assess-

ments were made at the SLA level and 1, 2

and 3mm apical of SLA.

The mean values and standard deviation

among animals were calculated for each

variable and implant location.

Results

The mean buccal–lingual width of the

entrance of the extraction socket of the

premolar sites was 3.8" 0.3mm, while
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Fig. 5. Buccal–lingual section of premolar site. Higher magnification of the areas (squares) outlined in Fig. 4.

Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. AB, alveolar bone; NB, new bone;

I, implant. Ladewig’s fibrin staining; original magnification ! 5.0.
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Fig. 6. Molar site; 4 weeks. Buccal–lingual section. B, buccal bone wall; L, lingual bone wall; I, implant;

PM, peri-implant mucosa. Ladewig’s fibrin staining; original magnification ! 1.6.
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the corresponding dimension at the molar

site was 5.8 ! 0.2mm. Healing following

tooth extraction and implant installation

was uneventful. The gingiva in the premo-

lar–molar regions as well as the peri-im-

plantmucosa at clinical check-ups after the

first two weeks was free from overt signs of

inflammation (Fig. 3).

The thickness of the socket walls at

various levels along the implant was deter-

mined in sections representing the central

portion of the experimental site. Only sec-

tions in which the body of the implant was

43.2mm were used for the assessments.

For this reason, one out of 30 sites had to

be discarded.

Histological and histometric observations

Peri-implant mucosa

The mucosa at the implant sites was pro-

tected with a wide, well-keratinized oral

epithelium that was continuous with a

thin barrier epithelium that faced the im-

plant surface. The dense connective tissue

that resided between the two epithelial

compartments was devoid of infiltrates of

inflammatory cells.

Implant sites after 4 weeks of healing (Table 1)

At premolar sites (Fig. 4), the small mar-

ginal gap between the implant and the bone

was occupied by various amounts of provi-

sional connective tissue and newly formed

woven bone (Fig. 5a, b). The crest of the

lingual bone wall (Fig. 5a) was located

about 1.4mm coronal to the SLA border

(Table 1) while the buccal crest (Fig. 5b)

was consistently located at varying dis-

tance apical of this landmark (SLA-C:

" 0.7 ! 0.6mm). No residual bone defect

(C-B/I; Table 1) was seen at the buccal

aspect but at the lingual aspect (Fig. 5) a

1.5 ! 0.6mm deep angular hard tissue

defect was present.

The center of the buccal and lingual bone

walls was comprised of lamellar bone sur-

rounded by newly formed bone. The num-

ber of bonemulticellular units (BMUs) was

larger in the lingual than in the buccal

socket wall.

At the molar sites (Fig. 6), the tissue

within the wide marginal gap was

comprised of similar amounts of provi-

sional connective tissue and newly

formed bone (Fig. 7a, b). The depth of

the residual hard tissue gap (Fig. 7a, b) at

the buccal aspect was 1.7 ! 1.5mm and

1.4 ! 1.7mm at the lingual aspects

(Table 2). The outer surface of both the

buccal and lingual bone walls exhibited the

I

a b

I

CNT

CNT

AB
AB

NB

Fig. 7. Buccal–lingual section of molar site. Higher magnification of the areas (squares) outlined in Fig. 6.

Lingual (a) and buccal (b) aspects of the crest andmarginal gap regions. AB, alveolar bone; NB, new bone; CNT,

provisional connective tissue; I, implant. The arrows indicate the presence of osteoclasts. Ladewig’s fibrin

staining; original magnification # 5.0.

Table 2. Results of histometric measurements (mean and SD) describing the width of the
buccal and lingual bone walls at 4 weeks and 12 weeks in premolar and molar sites

At SLA At 1mm At 2mm At 3mm

Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual

4 weeks
Premolar 0 (0) 1.4 (0.8) 0.4 (0.3) 1.8 (0.5) 0.8 (0.2) 2.1 (0.4) 1 (0.2) 2.3 (0.3)
Molar 1.6 (1.3) 1.3 (0.5) 1.9 (0.8) 1.7 (0.7) 2.2 (0.8) 2.1 (0.2) 2.5 (0.8) 2.2 (0.2)
12 weeks
Premolar 0 (0) 1.1 (0.8) 0 (0) 1.9 (0.7) 0.3 (0.3) 2.2 (0.8) 0.5 (0.3) 2.5 (0.8)
Molar 0 (0) 0.7 (0.7) 0.9 (0.3) 1.1 (0.8) 1.3 (1) 1.4 (0.6) 1.7 (0.9) 1.7 (0.4)

For abbreviations, see Fig. 2.

a b
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Fig. 8. Buccal–lingual section. Large number of osteoclasts resided on the outer surface of both the lingual (a)

and buccal (b) bone walls. Ladewig’s fibrin staining; original magnification # 10.

Araújo et al . Bone modeling following implant installation

610 | Clin. Oral Impl. Res. 17, 2006 / 606–614



  31 

   
Ref 3 : Biopsie effectuée 12 semaines après IIPE chez le chien au niveau des prémolaires. 

   
Ref 3 : Biopsie effectuée 12 semaines après IIPE chez le chien au niveau des molaires. 

 

On peut noter que l’hiatus entre la crête marginale et l’implant a diminué en 6 semaines. 

Le  niveau  osseux  a  diminué  en  hauteur  des  deux  cotés  de  l’implant.  On  observe 

également un espace entre l’implant et l’os vestibulaire flagrant au niveau molaire. 

 

Dans une étude de 2006, Botticelli observe la résorption verticale dans une IIPE chez 6 

chiens avec ou sans préparation de l’alvéole d’extraction. 

Dans  le  groupe A,  il  prépare  l’alvéole d’extraction avec un  foret  calibré afin d’y placer 

l’implant. 

Dans le groupe N, il laisse l’alvéole d’extraction à l’état « naturel » et y place un implant 

sans préparation. 

Après l’extraction et l’implantation immédiate de quatre sites similaires sur ces chiens, il 

observe  en  coupe  le  niveau  de  la  crête  marginale  4  mois  puis  6  mois  après  la 

cicatrisation de ces deux groupes. 

presence of a large number of osteoclasts

(Fig. 8a, b).

Implant sites after 12 weeks of healing (Table 1)

At the buccal aspect of the premolar sites,

no residual hard tissue gap could be observed

(Figs 9, 10). The crest (C) of the buccal bone

wall as well as the level of bone-to-implant

contact (B/I) was about 2mm apical of the

SLA border (SLA-C: !2.1 " 0.5mm, SLA-

B/I: ! 2 " 0.5mm) (Fig. 10b). At the lin-

gual aspect (Fig. 10a), a shallow

(0.5 " 0.3mm deep) marginal defect

remained (C-B/I; Table 1).

At molar sites (Figs 11 and 12), the

buccal bone crest was located

1 " 0.7mm apical of SLA while the mar-

ginal level of bone-to-implant contact was

found on the average 0.8 " 0.8mm apical

of the SLA border of the implant (SLA-B/I)

(Fig. 12b). At the lingual aspect (Fig. 12a), a

shallow (0.6 " 0.6mm deep) angular de-

fect (C-B/I) remained.

Width of the buccal and lingual bone walls
(Table 2)

Four weeks of healing. In the premolar

sites (Fig. 13, Table 2), no buccal bone

was present at the SLA level, but the hard

tissue wall was 0.4 " 0.3, 0.8 " 0.2, and

1 " 0.2mm wide at the reference levels 1,

2, and 3mm apical of SLA. The corre-

sponding dimensions for the lingual wall

were 1.4 " 0.8mm at the level of SLA and

1.8 " 0.5, 2.1 " 0.5, and 2.3 " 0.5mm

at more apically located levels.
In the molar sites (Fig. 14, Table 2), the

overall buccal bone wall was thicker than

its counterpart at the premolar sites. At

the SLA level, the buccal bone was

1.6 " 1.3mmwide and increased in thick-

ness (1.9, 2.2, and 2.5mm) the further

apical of SLA the measurements were per-

formed. The lingual bone of the molar site

had a width that was similar to that of the

premolar site.

Twelve weeks of healing. The measure-

ments performed at the buccal aspect of

the premolar sites (Fig. 13, Table 2) showed

that no bone was present at the SLA and the

1mm reference levels. At the 2 and 3mm

levels, the buccal bone wall was 0.3" 0.3

and 0.5 " 0.3mm wide. The lingual bone

wall had a width that was similar to that

observed at the 4-week interval.
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Fig. 9. Premolar site; 12 weeks. Buccal–lingual section. B, buccal bone wall; L, lingual bone wall; I, implant;

PM, peri-implant mucosa. Ladewig’s fibrin staining; original magnification # 1.6.
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Fig. 10. Buccal–lingual section of the premolar site. Higher magnification of the areas (squares) outlined in

Fig. 9. Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. Note that the marginal level of

bone-to-implant contact at the lingual aspect is close to the SLA border (dotted line), while at the buccal aspect

this contact level is about 2mm apical of SLA. Ladewig’s fibrin staining; original magnification # 5.0.
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presence of a large number of osteoclasts

(Fig. 8a, b).

Implant sites after 12 weeks of healing (Table 1)

At the buccal aspect of the premolar sites,

no residual hard tissue gap could be observed

(Figs 9, 10). The crest (C) of the buccal bone

wall as well as the level of bone-to-implant

contact (B/I) was about 2mm apical of the

SLA border (SLA-C: !2.1 " 0.5mm, SLA-

B/I: ! 2 " 0.5mm) (Fig. 10b). At the lin-

gual aspect (Fig. 10a), a shallow

(0.5 " 0.3mm deep) marginal defect

remained (C-B/I; Table 1).

At molar sites (Figs 11 and 12), the

buccal bone crest was located

1 " 0.7mm apical of SLA while the mar-

ginal level of bone-to-implant contact was

found on the average 0.8 " 0.8mm apical

of the SLA border of the implant (SLA-B/I)

(Fig. 12b). At the lingual aspect (Fig. 12a), a

shallow (0.6 " 0.6mm deep) angular de-

fect (C-B/I) remained.

Width of the buccal and lingual bone walls
(Table 2)

Four weeks of healing. In the premolar

sites (Fig. 13, Table 2), no buccal bone

was present at the SLA level, but the hard

tissue wall was 0.4 " 0.3, 0.8 " 0.2, and

1 " 0.2mm wide at the reference levels 1,

2, and 3mm apical of SLA. The corre-

sponding dimensions for the lingual wall

were 1.4 " 0.8mm at the level of SLA and

1.8 " 0.5, 2.1 " 0.5, and 2.3 " 0.5mm

at more apically located levels.
In the molar sites (Fig. 14, Table 2), the

overall buccal bone wall was thicker than

its counterpart at the premolar sites. At

the SLA level, the buccal bone was

1.6 " 1.3mmwide and increased in thick-

ness (1.9, 2.2, and 2.5mm) the further

apical of SLA the measurements were per-

formed. The lingual bone of the molar site

had a width that was similar to that of the

premolar site.

Twelve weeks of healing. The measure-

ments performed at the buccal aspect of

the premolar sites (Fig. 13, Table 2) showed

that no bone was present at the SLA and the

1mm reference levels. At the 2 and 3mm

levels, the buccal bone wall was 0.3" 0.3

and 0.5 " 0.3mm wide. The lingual bone

wall had a width that was similar to that

observed at the 4-week interval.
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Fig. 9. Premolar site; 12 weeks. Buccal–lingual section. B, buccal bone wall; L, lingual bone wall; I, implant;

PM, peri-implant mucosa. Ladewig’s fibrin staining; original magnification # 1.6.
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Fig. 10. Buccal–lingual section of the premolar site. Higher magnification of the areas (squares) outlined in

Fig. 9. Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. Note that the marginal level of

bone-to-implant contact at the lingual aspect is close to the SLA border (dotted line), while at the buccal aspect

this contact level is about 2mm apical of SLA. Ladewig’s fibrin staining; original magnification # 5.0.
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In the molar sites (Fig. 14, Table 2),

there was no bone present at the buccal

SLA level, but at the 1, 2, and 3mm

reference levels, the buccal bone was

0.9 ! 0.3, 1.3 ! 1, and 1.7 ! 0.9mm

thick. The lingual bone wall was

0.7 ! 0.7mm wide at the SLA level and

1.1 ! 0.8, 1.4 ! 0.6, and 1.7 ! 0.4mm

at the remaining levels.

Discussion

The present investigation demonstrated

that marked hard tissue alterations

occurred during healing following tooth

extraction and implant installation in a

fresh extraction socket. The marginal

gap that was present between the implant

and the walls of the socket at implantation

disappeared as a result of bone fill and

resorption of the crest regions of the hard

tissue walls. The modeling in the marginal

defect region was accompanied by marked

attenuation of the dimensions of the

buccal and lingual bone walls of the

implant sites. Thus, implant placement

evidently failed to preserve the hard tissue

dimension of the ridge following tooth

extraction.

Size of marginal defect

The extraction socket of the distal root of

the mandibular third premolars and first

molars was selected for implant installa-

tion as the size of the teeth and the dimen-

sions of the ridge of the two sites are

markedly different (Bartley et al. 1970).

Implants of the same size (diameter

4.1mm and length 8mm) were placed in

sockets of varying dimensions. As a result,

the width and depth of the marginal defect

(gap) between the implant and the walls of

the socket were considerably larger in the

molar than in the premolar locations (Fig.

1). In the biopsy material, it was noted that

the smaller (o0.3mm wide) gaps at the

premolar sites had been resolved already

after 4 weeks of healing while the larger (1–

1.3mm) horizontal defects in the molar

sites were completely resolved first in the

12-week specimens. These findings are in

agreement with data presented by Botticelli

et al. (2003a, 2003b) from experiments in

the dog. They studied bone apposition in

1mm wide marginal defects prepared

around implants placed in a fully healed

ridge. The defects were partially healed

through appositional bone formation after

1 and 2 months but completely resolved

with proper bone fill and bone-to-implant

contact first after 4 months.

Crestal resorption

In the present experiment, it was observed

that the process of bone apposition in the

marginal gap region was accompanied by

hard tissue alterations in the crestal regions

of the buccal and lingual bone walls. In the

premolar sites, these tissue alterations re-

sulted in a marked reduction (42mm) of

the height of the thin buccal crest and loss

of bone-to-implant contact in the marginal

portion of the implant. This finding is in

agreement with data recently published by

Botticelli et al. (2006). They studied heal-

ing of marginal defects that occurred at
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Fig. 11. Molar site; 12 weeks of healing. Buccal–lingual section. B, buccal bone; L, lingual bone; I, implant.

The width of the buccal and lingual bone walls. Ladewig’s fibrin staining; original magnification " 1.6.
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Fig. 12. Buccal–lingual section of the molar site. Higher magnification of the areas (squares) outlined in

Fig. 11. Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. AB, alveolar bone; PM,

periimplant mucosa; I, implant. Ladewig’s fibrin staining; original magnification " 10.
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In the molar sites (Fig. 14, Table 2),

there was no bone present at the buccal

SLA level, but at the 1, 2, and 3mm

reference levels, the buccal bone was

0.9 ! 0.3, 1.3 ! 1, and 1.7 ! 0.9mm

thick. The lingual bone wall was

0.7 ! 0.7mm wide at the SLA level and

1.1 ! 0.8, 1.4 ! 0.6, and 1.7 ! 0.4mm

at the remaining levels.

Discussion

The present investigation demonstrated

that marked hard tissue alterations

occurred during healing following tooth

extraction and implant installation in a

fresh extraction socket. The marginal

gap that was present between the implant

and the walls of the socket at implantation

disappeared as a result of bone fill and

resorption of the crest regions of the hard

tissue walls. The modeling in the marginal

defect region was accompanied by marked

attenuation of the dimensions of the

buccal and lingual bone walls of the

implant sites. Thus, implant placement

evidently failed to preserve the hard tissue

dimension of the ridge following tooth

extraction.

Size of marginal defect

The extraction socket of the distal root of

the mandibular third premolars and first

molars was selected for implant installa-

tion as the size of the teeth and the dimen-

sions of the ridge of the two sites are

markedly different (Bartley et al. 1970).

Implants of the same size (diameter

4.1mm and length 8mm) were placed in

sockets of varying dimensions. As a result,

the width and depth of the marginal defect

(gap) between the implant and the walls of

the socket were considerably larger in the

molar than in the premolar locations (Fig.

1). In the biopsy material, it was noted that

the smaller (o0.3mm wide) gaps at the

premolar sites had been resolved already

after 4 weeks of healing while the larger (1–

1.3mm) horizontal defects in the molar

sites were completely resolved first in the

12-week specimens. These findings are in

agreement with data presented by Botticelli

et al. (2003a, 2003b) from experiments in

the dog. They studied bone apposition in

1mm wide marginal defects prepared

around implants placed in a fully healed

ridge. The defects were partially healed

through appositional bone formation after

1 and 2 months but completely resolved

with proper bone fill and bone-to-implant

contact first after 4 months.

Crestal resorption

In the present experiment, it was observed

that the process of bone apposition in the

marginal gap region was accompanied by

hard tissue alterations in the crestal regions

of the buccal and lingual bone walls. In the

premolar sites, these tissue alterations re-

sulted in a marked reduction (42mm) of

the height of the thin buccal crest and loss

of bone-to-implant contact in the marginal

portion of the implant. This finding is in

agreement with data recently published by

Botticelli et al. (2006). They studied heal-

ing of marginal defects that occurred at
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Fig. 11. Molar site; 12 weeks of healing. Buccal–lingual section. B, buccal bone; L, lingual bone; I, implant.

The width of the buccal and lingual bone walls. Ladewig’s fibrin staining; original magnification " 1.6.
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Fig. 12. Buccal–lingual section of the molar site. Higher magnification of the areas (squares) outlined in

Fig. 11. Lingual (a) and buccal (b) aspects of the crest and marginal gap regions. AB, alveolar bone; PM,

periimplant mucosa; I, implant. Ladewig’s fibrin staining; original magnification " 10.
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Observation après 2 mois de cicatrisation. 

a) Groupe A 

b) Groupe N 

 
Même étude 4 mois après l’intervention. 

On remarque que la résorption osseuse est moins importante dans le groupe où le site a 

été préparé avec un foret calibré. 

 

Dans la même étude, l’auteur démontre qu’un implant placé dans une alvéole entourée 

de dents en place a plus de chances de survie qu’un implant placé sur une crête édentée. 

En  l’absence  de  dents  adjacentes,  une  alvéole  d’extraction  subit  une  résorption 

importante de ses 4 parois (linguale, vestibulaire, mésiale et distale) (11). Les résultats 

montrent en outre que la vitesse de cicatrisation et le degré de comblement de l’hiatus 

péri‐implantaire  sont plus  importants  après  la pose d’implant différé de 3 mois  après 

l’extraction par rapport à l’implantation immédiate. 

 

A  partir  d’une  étude  chez  le  chien  en  2007,  Quahash  a  suggéré  qu’une  épaisseur 

and only themarginal 1mm of the implant

was not covered by hard tissue.

Also at the N sites (Fig. 6b) apically

located portions of the defects (the extrac-

tion sockets) were occupiedwith bone. The

resolution of the defects at the N sites,

however, was the result of some bone fill

in the apical portions and marked loss of

bone in themarginal portions of the socket.

Thus, between 2 and 4 months the mar-

ginal crest had been displaced in apical

direction.

Histological measurements

Specimens representing 2 months of healing

At all four examined aspects (mesial,

buccal, distal and lingual), the distance

between the A/F junction and the most

coronal level of bone-to-implant contact (B)

was about 2mm longer at the N sites than

at the A sites (Table 1). The overall mean

A/F–B distance was 4.11 ! 1.9mm at N

sites and 2.02 ! 0.78mm at A sites

(P¼0.048). The vertical distance between

A/F and the level of the adjacent bone crest

(C) was 1.23 ! 0.48mm at N sites and

0.46 ! 0.51mm at A sites (Table 2). This

difference was statistically significant

(P¼0.002). The mean length of the zone

of BIC% within the defect (B–D; Table 3)

was 1.89 ! 1.15mm at N sites and

2.98 ! 0.78mm at A sites. The percen-

tage of the implant surface within this zone

(B–D) that was in contact with mineralized

bone (BIC%) was 47.6 ! 13.1 and

59.2 ! 5.8mm at the N and A sites,

respectively.

The peri-implant tissues in the ‘defect’

area (Table 4) were comprised of lamellar

bone (N sites¼ 12.5 ! 6.7%, A sites¼
32.4 ! 9.7%; P¼ 0.024), immature bone

(N sites¼ 30.7 ! 7%, A sites¼28.1

! 7.4%; P¼0.493), bone marrow (N sites

¼ 12.8 ! 5.4%, A sites¼ 20.4 ! 6.3%;

P¼0.021) and connective tissue (N sites

¼ 44 ! 15.3%, A sites¼ 19.2 ! 8.3%;

P¼0.019).

Specimens representing 4 months of healing

After 4 months of healing, the length of the

A/F–B distance (Table 1) at the N and A

sites was 3.9 ! 1.41 and 1.42 !
0.52mm, respectively (P¼ 0.006). The A/

F–C distance was between 1.5 and 2mm

longer at N sites that at A sites. The overall

mean A/F–C distance (Table 2) was 2.45

! 0.67mm (N sites) and 0.68 !
0.37mm (A sites) (P¼ 0.001). The mean

length of the zone of BIC% within the

defect (B–D; Table 3) was 1.53 ! 0.7mm

at N sites and 3.58 ! 0.52mm at A

sites (P¼ 0.001) and the corresponding

BIC% values were 53.9 ! 5.1 and 52.6 !
15.9%.

The peri-implant hard tissue in the

‘defect’ area (Table 4) was comprised of

lamellar bone (N sites¼23.4 ! 18.6%, A

sites¼ 51.7 ! 11.8%; P¼ 0.014), imma-

ture bone (N sites¼ 17.6 ! 3.7%, A sites

¼ 16.1 ! 5.4%; P¼0.406), bone marrow

(N sites¼9.7 ! 4.2%, A sites¼ 18.5 !
5.7%; P¼ 0.009), and connective tissue

(N sites¼ 49.3 ! 23.9%, A sites¼13.7

! 12.1%; P¼0.010).

Fig. 5. Photomicrographs. (a) The ground sections illustrate the result of healing after 2 months at the buccal

(B) and lingual (L) aspects at an A site (originalmagnification # 16). The prepared defect is only partially filled

with newly formed bone that in the marginal portion is separated from the implant surface by a layer of

connective tissue. New bone was also formed at the top of the crest. (b) The ground sections represent the

result of 2 months of healing in an N site. New bone was formed in the apical portion of the defect. Crestal

bone resorption can be observed especially at the buccal aspect.

Fig. 6. Photomicrographs. (a) Result of healing after 4 months at the lingual (L) and buccal (B) aspects (original

magnification # 16) at an A site. The prepared defect was almost completely filled with newly formed bone

that was in contact with the implant surface. The top of the bone crest was close to the abutment-fixture level.

(b) The ground sections represent the result of healing in an N site. New bone formation can be seen in the

apical part. Note the marked resorption of the crestal bone that occurred especially at the buccal aspect.
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and only themarginal 1mm of the implant

was not covered by hard tissue.

Also at the N sites (Fig. 6b) apically

located portions of the defects (the extrac-

tion sockets) were occupiedwith bone. The

resolution of the defects at the N sites,

however, was the result of some bone fill

in the apical portions and marked loss of

bone in themarginal portions of the socket.

Thus, between 2 and 4 months the mar-

ginal crest had been displaced in apical

direction.

Histological measurements

Specimens representing 2 months of healing

At all four examined aspects (mesial,

buccal, distal and lingual), the distance

between the A/F junction and the most

coronal level of bone-to-implant contact (B)

was about 2mm longer at the N sites than

at the A sites (Table 1). The overall mean

A/F–B distance was 4.11 ! 1.9mm at N

sites and 2.02 ! 0.78mm at A sites

(P¼0.048). The vertical distance between

A/F and the level of the adjacent bone crest

(C) was 1.23 ! 0.48mm at N sites and

0.46 ! 0.51mm at A sites (Table 2). This

difference was statistically significant

(P¼0.002). The mean length of the zone

of BIC% within the defect (B–D; Table 3)

was 1.89 ! 1.15mm at N sites and

2.98 ! 0.78mm at A sites. The percen-

tage of the implant surface within this zone

(B–D) that was in contact with mineralized

bone (BIC%) was 47.6 ! 13.1 and

59.2 ! 5.8mm at the N and A sites,

respectively.

The peri-implant tissues in the ‘defect’

area (Table 4) were comprised of lamellar

bone (N sites¼ 12.5 ! 6.7%, A sites¼
32.4 ! 9.7%; P¼ 0.024), immature bone

(N sites¼ 30.7 ! 7%, A sites¼28.1

! 7.4%; P¼0.493), bone marrow (N sites

¼ 12.8 ! 5.4%, A sites¼ 20.4 ! 6.3%;

P¼0.021) and connective tissue (N sites

¼ 44 ! 15.3%, A sites¼ 19.2 ! 8.3%;

P¼0.019).

Specimens representing 4 months of healing

After 4 months of healing, the length of the

A/F–B distance (Table 1) at the N and A

sites was 3.9 ! 1.41 and 1.42 !
0.52mm, respectively (P¼ 0.006). The A/

F–C distance was between 1.5 and 2mm

longer at N sites that at A sites. The overall

mean A/F–C distance (Table 2) was 2.45

! 0.67mm (N sites) and 0.68 !
0.37mm (A sites) (P¼ 0.001). The mean

length of the zone of BIC% within the

defect (B–D; Table 3) was 1.53 ! 0.7mm

at N sites and 3.58 ! 0.52mm at A

sites (P¼ 0.001) and the corresponding

BIC% values were 53.9 ! 5.1 and 52.6 !
15.9%.

The peri-implant hard tissue in the

‘defect’ area (Table 4) was comprised of

lamellar bone (N sites¼23.4 ! 18.6%, A

sites¼ 51.7 ! 11.8%; P¼ 0.014), imma-

ture bone (N sites¼ 17.6 ! 3.7%, A sites

¼ 16.1 ! 5.4%; P¼0.406), bone marrow

(N sites¼9.7 ! 4.2%, A sites¼ 18.5 !
5.7%; P¼ 0.009), and connective tissue

(N sites¼ 49.3 ! 23.9%, A sites¼13.7

! 12.1%; P¼0.010).

Fig. 5. Photomicrographs. (a) The ground sections illustrate the result of healing after 2 months at the buccal

(B) and lingual (L) aspects at an A site (originalmagnification # 16). The prepared defect is only partially filled

with newly formed bone that in the marginal portion is separated from the implant surface by a layer of

connective tissue. New bone was also formed at the top of the crest. (b) The ground sections represent the

result of 2 months of healing in an N site. New bone was formed in the apical portion of the defect. Crestal

bone resorption can be observed especially at the buccal aspect.

Fig. 6. Photomicrographs. (a) Result of healing after 4 months at the lingual (L) and buccal (B) aspects (original

magnification # 16) at an A site. The prepared defect was almost completely filled with newly formed bone

that was in contact with the implant surface. The top of the bone crest was close to the abutment-fixture level.

(b) The ground sections represent the result of healing in an N site. New bone formation can be seen in the

apical part. Note the marked resorption of the crestal bone that occurred especially at the buccal aspect.
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minimale de  la paroi  alvéolaire de 2mm était  nécessaire  au maintien d’un bon niveau 

osseux de ces parois. 

 

Dans  deux  publications  récentes  datant  de  2009  portant  sur  16  chiens,  Vignoletti  a 

étudié  les  phases  précoces  de  la  cicatrisation  de  la  crête  alvéolaire  autour  d’implants 

posés  immédiatement  après  l’extraction  (72).  Un  second  objectif  était  d’étudier  d’une 

part  l’influence  de  la  taille  de  l’alvéole  d’extraction  et  d’autre  part  l’influence  d’un 

implant  dont  la  surface  était  revêtue  d’un  dépôt  de  nanoparticules  cristallines  par 

rapport à un implant test. 

Dans  la  première  publication,  Vignoletti  a  pu  étudier  la  formation  d’os  au  contact  de 

l’implant,  aux  différents  temps  de  l’études :  4  heures,  1 ,2  ,4  et  8  semaines  après 

l’intervention  

• Le phénomène de cicatrisation débute avec un caillot sanguin qui s’organise en 

matrice provisoire à 1 semaine. 

• La formation osseuse débute en même temps qu’une résorption osseuse marquée 

se développe. 

• A 2 semaines, la formation d’os primaire commence à être visible, 

• Cet os primaire est  graduellement remodelé en os lamellaire à 4 et à 8 semaines. 

• La distance séparant l’implant de l’os augmente à 2 et 4 semaines. 

 

Dans  la  seconde  publication,  ou  partie  II,  à  partir  du  même  matériel  que  pour  la 

publication  précédente,  l’étude  histologique  a  été  faite  sur  les  animaux  sacrifiés  à  4 

heures, à 1, 2, 4 et 8 semaines après l’intervention. Les résultats sont les suivants (73): 

• Une perte osseuse est mise en évidence entre  les observations de 4 heures et 1 

semaine après l’intervention. 

• La  perte  osseuse  est  plus  importante  autour  des  alvéoles  qui  sont  les  plus 

étroites. 

• La surface revêtue de particules cristallines de l’implant a un effet modéré sur la 

cicatrisation dans le sens d’une réduction de la résorption osseuse par rapport à 

l’implant test. 

   

Blanco  a  comparé  en  2008  les  processus  de  cicatrisation  lors  d’une  implantation 

immédiate avec ou sans  levée de  lambeau  (14). Chez  les mêmes chiens, des  lambeaux 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ont  été  levés  avant  l’extraction d’un  coté  alors que  le  côté opposé ne  subissait  pas de 

lambeau.  L’extraction  implantation  immédiate  était  ensuite  réalisée.  L’étude 

histologique de la région opérée s’est effectuée après 3 mois de cicatrisation. 

• L’absence  de  réalisation  de  lambeau  réduit  la  résorption  osseuse  comme 

l’indique la distance séparant le sommet de la crête gingivale de la crête osseuse 

(distance PM‐BC). 

 
Ref : (14) 

  

 

En  résumé,  une  résorption  osseuse  survient  toujours  après  extraction  dentaire.  Elle 

n’est  pas  prévenue  après  par  la  pose  immédiate  d’un  implant  dans  les  suites  de 

l’extraction. Cette résorption survient dans les 2 dimensions : 

• Une perte osseuse verticale réduit la hauteur des parois alvéolaires, de façon plus 

prononcée du coté vestibulaire que du côté lingual. 

• Une  perte  osseuse  horizontale  augmente  la  distance  entre  l’implant  et  la  paroi 

alvéolaire encore appelée hiatus péri‐implantaire. 

De  plus,  la  réalisation  d’un  lambeau  de  pleine  épaisseur  incluant  le  périoste  est  un 

facteur d’aggravation de la perte osseuse. 

 

 

 

 

 

three times a week with a brush and
toothpaste.

The healing period was 3 months in
order to be able to obtain the best results
from the neoformation and bone remo-
delling process.

Sacrifice of the dogs

The dogs were sacrificed by means of an
anaesthetic overdose with an intrave-
nous injection of sodium pentobarbital.
Subsequently, the lower jaws were dis-
sected whole. Once removed, the lower
jaws were sectioned along the mid line,
thus creating two semi-mandibles per
dog. These were placed in 10% formalin
for fixation.

Histological preparation of the samples

The four implants were separated
from each mandible using a diamond
saw (Exact 300CLs Apparatebeau,
Nordestedt, Hamburg, Germany). The
biopsies were processed for ground sec-
tioning in conformity with the Donath
method (1993). The samples were dehy-
drated and infiltrated with resin (Tech-
novit 7200s, VLC-Heraus Kulzer
GMBH, Werheim, Alemania). Finally,
the samples were sectioned in a bucco-
lingual direction using the grinding
technique (Exact 400CSs Apparate-
beau, Hamburg, Germany) up to
approximately 20m using the Levai
Laczko staining method.

The samples on the permanent ports
were observed using the Olympuss

SZX9 microscope (Tokyo, Japan). By
means of the Olympuss DP12 digital
camera (Tokyo, Japan), the images were
captured and transferred to the compu-
ter. With the Microimages program, the
points of interest were identified from
the digital histological images in order
to subsequently measure the distances,
which were expressed in millimetres.
The researcher carrying out the mea-
surements was blind with respect to the
group to which each sample belonged.

A line was traced along the digital
image parallel to the implants’ longitudi-
nal axis. The following marks were then
made on both the vestibular and the
lingual side of each implant (Fig. 3):

! S: implant shoulder.
! SLA: marginal border of the SLA-

coated surface that was located
2.8mm apical of S.

! PM: peri-implant mucosal margin.
! BC: first contact point of the bone

with the implant.

! aBE: apical end of the barrier
epithelium.

From each of the points, a perpendi-
cular line was traced towards a parallel
line along the implants longitudinal axis
and the following measures (expressed
in millimetres) were taken:

! PM–BC: Distance from the peri-
implant mucosal margin to the
bone crest.

! PM–S: Distance from the peri-
implant mucosal margin to the
implant shoulder, or rather mucosal
recession, measured in millimetres.

! PM–aBE: Distance from the peri-
implant margin to the apical end of
the epithelial attachment, or rather
the length in millimeters of the
junctional epithelium.

! aBE–BC: Distance from the apical
end of the barrier epithelium to the
first bone implant contact, or rather
the length in mm. of the connective
tissue of the peri-implant mucosa.

! S–BC: Distance from the implant
shoulder to the first bone implant
contact, that is, the bone resorption
in millimetres.

Moreover, in each of the implants, the
percentage of bone-to-implant contact
was measured from the implant
shoulder. To carry out this measurement
on the digital image, the entire surface
of the implant was scanned from the
shoulder. This was calculated dividing
the length of the implant surrounded by
bone by the total length of the implant,
with the resulting value multiplied by
100. This figure indicates the implant’s
level of integration with the surrounding
bone.

Statistical analysis

The statistical analysis was performed
using the Sigma-Stats statistics program.

Descriptive statistics were taken for
each of the variables and groups (mean
values and standard deviation).

To compare the two groups in each
variable, the Student t-test for paired
observations was used.

We have used the dog as the unit for
analysis (n5 5), using average results
across similarly treated implants in the
same dog, and then performed compari-
sions. p-values o0.05 were considered
to be statistically significant.

Results

Clinical observations

Out of the 20 implants installed, two
were lost – one from each group: the
first before the 3-month healing period
probably due to poor primary stability
achieved in the surgery (1L42: 1, dog
number 1; L, left side; 4, premolar 4; 2,
distal root. Control group), and the
second was present at the point of
sacrifice, although it showed mobility
(2L42: 2, dog number 2; L, left side; 4,
premolar 4; 2, distal root. Experimental
group). The histology later confirmed
the presence of fibro-osseointegration
(Fig. 4). The remaining implants healed
without alterations or complications. In
none of the implants was the SLA sur-
face exposed.

The mean socket diameter was
3.9mm mesial-distal (3P3: 3.7mm/

S

BC

PM

B
L

aBE

Fig. 3. Implant marks for the histomorpho-
metric measurements. S, shoulder of the
implante; PM, peri-implant mucosal margin;
aBE, apical barrier epithelium; BC, bone
crest. Fig. 4. Failed implant. Fiber-osseointegrated.

Flap versus flapless implant surgery 643

r 2008 The Authors
Journal compilation r 2008 Blackwell Munksgaard
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4.2.2. Etudes cliniques chez l’Homme 
 

4.2.2.1. Etude de cas isolés 
 
De nombreuses publications sont consacrées à des études cliniques sur l’IIPE. 

 

Dès  1992,  des  auteurs  québécois  ont  souligné  l’intérêt  de  l’IIPE,  éventuellement  en 

association avec une greffe osseuse (74). Les avantages décrits sont : 

• la réduction de la durée totale du traitement 

• la préservation de la crête osseuse autour du site 

• La meilleure orientation de l’axe implantaire. 

Ainsi la restauration se fait dans de meilleures conditions esthétiques et biomécaniques. 

 

En 2002, Winkler  insistait sur  la nécessité d’une bonne connaissance des phénomènes 

de  résorption  pour  obtenir  un  placement  satisfaisant  de  l’implant  dans  une  alvéole 

d’extraction (75).  

 

Selon  Araujo  en  2006,  l’implantation  immédiate  après  extraction  pratiquée  chez 

l’homme ne  prévient  pas  la  perte  de  tissu  osseux  de  la  crête  alvéolaire  (3).  Ce même 

auteur  avait  également  étudié  la  résorption  osseuse  verticale  chez  le  chien  en  la 

comparant  après  extraction  simple  et  après  implantation  immédiate  sans  pouvoir 

mettre en évidence de différence. 

 

Zafiropoulos  (2010)  rapporte  une  observation  d’une  IIPE  sur  la  zone  d’une  molaire 

mandibulaire (76). Il a utilisé une membrane non résorbable. Le résultat est favorable 8 

ans après : l’implant est stable. 

 

4.2.2.2. Etude sur l’épaisseur de la paroi osseuse 
 

En 2000, Spray a analysé l’épaisseur de la paroi alvéolaire située à 0,5mm sous la crête 

osseuse pour 2685 implants (67). Cette importante étude a été menée dans 32 centres. 

L’épaisseur  moyenne  mesure  1,7mm.  Lorsque  cette  épaisseur  dépasse  1,8mm,  il 

apparait une apposition osseuse. Il y a donc une évolution favorable lorsque l’épaisseur 

de la paroi alvéolaire mesure entre 1,8 et 2mm. 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En 2004, Simonpieri insistait sur l’usage du PRF (platelet rich fibrine) faisant espérer un 

bénéfice de maintien du niveau osseux des parois alvéolaires grâce à l’ostéoconduction 

(66). Le PRF, associé à la combinaison du processus de cicatrisation post extractionnelle 

avec la phase d’ostéo‐intgration des implants lors de l’IIPE améliorerait la cicatrisation 

ainsi que la régénération osseuse et muqueuse péri implantaire. De plus, la technique du 

PRF  est  facile  à  mettre  en  œuvre  au  cabinet  dentaire  et  est  autorisée  par  la  loi  de 

bioéthique du 8 juin 2004 (66). Les résultats cliniques restent cependant inégaux voire 

aléatoires et ils paraissent plus intéressants sur la cicatrisation des tissus mous que sur 

celle du tissu osseux. 

 

En 2004, Penarrocha insiste sur la nécessité d’être le plus atraumatique possible lors de 

l’extraction de  la dent en préservant  les parois de  l’alvéole et en réalisant un curetage 

prudent pour éliminer les tissus pathologiques (54). La stabilité primaire est essentielle. 

Elle est obtenue lorsque : 

• soit l’implant dépasse l’apex de l’alvéole de 3 à 5 mm, 

• soit l’implant a un plus grand diamètre que celui de l’alvéole. 

 

Le  but  de  l’étude  de  Huynh‐Ba  (35)  en  2009  était  de  déterminer  les  dimensions  des 

parois osseuses alvéolaires dans  la zone esthétique et d’en tirer des conclusions sur  la 

technique  de  l’IIPE.  Il  s’agissait  d’une  étude  prospective  randomisée  contrôlée 

multicentrique sur 93 sites d’extraction. La largeur de la paroi osseuse vestibulaire a été 

mesurée. Les résultats montrent : 

• L’épaisseur moyenne des parois vestibulaires et palatines est respectivement de 

1 et 1,2mm. 

• Pour le bloc incisivo canin, l’épaisseur moyenne de la paroi osseuse vestibulaire 

est de 0,8mm. 

• Pour la zone prémolaire, l’épaisseur moyenne est de 1,1mm. 

• Dans  les  sites  antérieurs,  87%  de  l’épaisseur  de  la  paroi  vestibulaire  est 

inférieure ou égale à 1mm et seulement 3% dépasse 2mm. 

• Dans  les  sites  postérieurs,  ces  pourcentages  ci  dessus  sont  respectivement  de 

59% et 9%. 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Si  l’on  consédère  le  critère  d’épaisseur minimal  requis  de  la  paroi  vestibulaire  est  de 

2mm  pour  maintenir  une  stabilité  suffisante,  alors  seul  un  nombre  limité  de  sites 

d’extractions pourra répondre à ce critère. 

En  conséquence,  dans  la  plupart  des  situations  cliniques  rencontrées,  des  procédures 

d’apport  sont  nécessaires  pour  obtenir  des  contours  osseux  adéquats  autour  de 

l’implant. Cette technique d’apport est devenue très courante dans la pratique de l’IIPE.  

 

4.2.2.3. Rôle de la mise en charge 
 

Cooper  rapporte  son  expérience  de  l’IIPE  avec  mise  en  charge  immédiate  à  l’aide 

d’implants  fixés par une  couronne provisoire  en  résine  (24).  Les 54  implants  chez 10 

patients  ont  tous  survécu  avec  un  recul  de  6  à  18  mois.  L’auteur  insistait  sur 

l’importance de la mise en charge immédiate. 

 

Schwartz‐Arad a rapporté une expérience d’IIPE à propos d’une étude rétrospective de 4 

à 7 ans avec 95 implantations immédiates (62). 

Un  petit  fragment  d’os  spongieux  autogène  était  greffé  entre  l’implant  et  la  paroi 

alvéolaire  dès  que  possible.  Les  parties  molles  étaient  suturées  sans  apport 

membranaire.  Les  résultats  donnent  95%  de  réussite  pour  cette  technique.  De  plus, 

aucun échec n’est observé aprés la mise en charge des implants. Cette étude montre que 

placer des implants dans les alvéoles d’extractions avec une greffe d’os autogène est une 

technique fiable. 

 

Dans une étude de 2010, Siebers effectue une étude comparative sur le rôle de la mise 

en charge immédiate dans le cas d’IIPE et ID (63). Il analyse l’évolution de 222 implants 

posés chez 76 patients classés en 4 groupes : 

Groupe1 : IIPE avec mise en charge immédiate 

Groupe2 : ID avec mise en charge immédiate 

Groupe 3 : IIPE avec mise en charge différée 

Groupe 4 : ID avec mise en charge différée. 

Cinq implants ont été perdus en tout. La réussite globale est de 97,7%. 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Le taux de succès est de 95,5% pour la mise en charge immédiate (91,3% pour le groupe 

1  et  98 ,5%  pour  le  groupe  2)  et  100%  de  réussite  pour  la  mise  en  charge  différée 

(groupes 3 et 4). 

Les résultats ne montrent pas de différence significative entre les 4 groupes. Cependant 

du point de vue clinique, il y a un gain esthétique pour les implants subissant une mise 

en charge immédiate. 

Les  IIPE  avec  mise  en  charge  immédiate  donnent  globalement  de  bons  résultats 

fonctionnels et esthétiques bien qu’il y ait une tendance de risque accru de la perte de 

l’implant. 

 

En 2011, Artzy  rappelle  les  résultats  équivalents  entre  l’ID  et  l’IIPE  (6).  Toutefois,  cet 

auteur insiste sur l’importance de la mise en charge précoce, cette dernière pouvant être 

réalisée  au  moyen  d’une  prothèse  totale  transvissée.  Une  analyse  de  34  séries 

prospectives et rétrospective fait état d’un taux de survie de plus de 95%. 

 

4.2.2.4. Synthèse des études cliniques du remodelage osseux chez l’homme pour 
l’IIPE  

 

Une  large  série  de  cas  et  d’études  cliniques  fait  l’état  de  résultats  favorables  de  la 

technique d’IIPE. 

 

Selon les auteurs, l’IIPE isolée est possible dans les cas où l’épaisseur de la table osseuse 

vestibulaire est comprise entre 1,8 et 2mm. En deçà de cette épaisseur,  il conviendrait 

d’intervenir pour augmenter par des apports l’épaisseur de la paroi osseuse. 

 

Ces  études  ont  confirmé  chez  l’homme  ce  qui  avait  été  observé  chez  l’animal.  Des 

implantations  immédiates dans  les alvéoles ne peuvent pas éviter  la résorption de  l’os 

alvéolaire après une extraction dentaire. D’autre part, il convient de réaliser l’extraction 

dans  des  conditions  aussi  peu  traumatiques  que  possible  pour  éviter  la  résorption 

osseuse accrue. 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4.3. Attitudes thérapeutiques de l’IIPE 
 

Le premier objectif du traitement implantaire est d’aboutir à un traitement durable avec 

un haut niveau d’assurance quant à son résultat et un faible risque de complications, à la 

fois sur le plan fonctionnel et esthétique. Les objectifs secondaires du traitement sont la 

réduction du nombre d’interventions chirurgicales et le raccourcissement de la période 

thérapeutique  entre  l’extraction  dentaire  et  la  restauration  prothétique.  Ces 

améliorations ne doivent compromettre ni les chances de succès, ni augmenter le risque 

de complication. De grandes avancées ont été  faites dans  les 10 à 15 dernières années 

permettant  de  modifier  les  protocoles  thérapeutiques  et  rendant  le  traitement  plus 

attractif  pour  les  patients  et  donc  augmentant  l’acceptabilité  de  cette  modalité 

thérapeutique. 

Le type d’implantation, immédiate, retardée ou différée est un choix fait par le clinicien 

en réponse à une situation clinique. 

Chacun  de  ces  traitements  a  ses  indications  et  contres  indications,  leurs  avantages  et 

leurs  inconvénients,  leurs  niveaux  de  risques  encourus  aussi  bien  anatomiques 

qu’esthétiques, leurs complications ainsi que leurs niveaux de difficulté technique. 

 

 

Le  choix  du  traitement  de  l’IIPE  est  influencé  par  3  principaux  facteurs  qui  sont    liés 

entre eux : Le patient, le biomatériau et le clinicien. 

Ce  dernier  est  le  seul  acteur  de  ce  choix  en  fonction  de  la  situation.  Il  évalue  le  cas 

clinique,  choisit  les  biomatériaux  et  décide  de  l’approche  thérapeutique  qu’il  va 

exécuter. 

 

4.3.1. Le patient  
 
Le  choix  du  type de  thérapie  implantaire  s’effectue  après  une  analyse  des  facteurs  de 

risques liés au patient. Pour l’IIPE dans la zone esthétique antérieure au maxillaire, cette 

analyse est d’autant plus importante que l’enjeu esthétique est grand. Quatre facteurs de 

risque prédominent : 

‐ Les facteurs de risque lié à la santé générale du patient 

‐ Le tabac 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‐ Les pathologies dentaires et les risques anatomiques propres à chaque patient 

‐ Les facteurs de  l’évaluation du risque esthétique ou « esthetic risk assesment » (ERA) 

 

Lorsque  l’un  de  ces  facteurs  de  risque  est  identifié,  il  convient  de mesurer  le  rapport 

bénéfice du traitement envisagé sur le risque encouru. 

Les deux premiers groupes de ces facteurs de risque sont systémiques pouvant avoir des 

conséquences non seulement  sur  le devenir du  traitement dans  la  cavité buccale mais 

aussi  sur  l’ensemble  de  l’individu.  Les  antécédents  médicaux  du  patient  doivent  être 

portés à la connaissance du praticien. C’est ainsi qu’avant toute décision thérapeutique, 

le traitement prothétique doit être précédé d’une anamnèse rigoureuse. 

Les deux derniers groupes constituent les facteurs de risques locaux susceptibles d’avoir 

un impact sur le site traité. 

Nous allons décrire ces quatre facteurs de risque : 

 

4.3.1.1. Facteurs de risque systémiques 
 

Ces  facteurs  comprennent  toutes  les  pathologies  ou  les  conditions  qui  pourraient 

affecter négativement la bonne évolution du traitement dans la capacité du remodelage 

osseux et dans l’ostéointégration de l’implant au long terme. Ces facteurs de risques ont 

été  répertoriés  en  deux  catégories :  facteurs  de  risque  simples  et  facteurs  de  risque 

élevés (12). 

Sont  considérés  comme  facteurs  de  risque  simples  les  circonstances  suivantes :  la 

radiothérapie,  les  diabètes  sévères,  spécialement  juvénile  (Type  1) ;  les  problèmes 

hémorragiques  tels  que  diasthesis  hémorragique  ou  les  traitements  médicamenteux 

anticoagulants.  Ce  groupe  de  facteurs  de  risque  serait  stable  depuis  les  dix  dernières 

années (48). 

Dans le second groupe, ont été considérés comme facteurs de risque élevé les situations 

suivantes :  anomalies  osseuses  sévères  telles  que  l’ostéogenèse  imparfaite  ou 

l’ostéomalacie, qui sont des pathologies relativement rares ; Les patients affectés par des 

situations  immunodéficientes  comme  les  infections  par  le  VIH  ou  par  des  traitements 

médicamenteux  (corticoïdes,  traitements  des  cancers,  chimiothérapie  etc.) ;  et  les 

patients ayant des habitudes addictives telles que consommation de drogues illicites ou 

des problèmes psychologiques ou mentaux qui affectent la compliance. 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L’ensemble des pathologies médicales sévères et les risques qu’elles représentent dans 

l’évolution du  traitement par  IIPE n’a pas été évalué de manière exhaustive du  fait du 

nombre limité de patients qui ont bénéficié de ce type de traitement. 

Dans  les dernières années, un nouveau risque médical a été noté dans ces  facteurs de 

risque systémique : le traitement médicamenteux par bisphosphonates (47). Il est utilisé 

pour  des  patients  atteins  de  cancer  osseux  avec métastases  ou  pour  le  traitement  de 

l’ostéoporose.  Il  a  pour  but  d’inhiber  l’activité  ostéoclastique  et  de  limiter  ainsi  la 

résorption osseuse. Les bisphosphonates peuvent causer des ostéonécroses engendrant 

des zones  importantes de nécrose osseuses dans  la cavité buccale. Aujourd’hui, seul  le 

traitement par bisphosphonates par voie intra veineuse est considéré comme une contre 

indication  majeure  à  la  thérapie  implantaire  (47).  Pour  les  patients  traités  avec  des 

bisphosphonates  par  voie  orale,  une  étude  récente  a  montré  qu’ils  n’étaient  pas  une 

contre indication formelle à l’implantologie (31, 46). 

 

4.3.1.2. Le tabac 
 

Depuis longtemps, la consommation de tabac est connue pour son impact négatif quant 

au  pronostic  au  long  terme  sur  le  traitement  par  implant.  (7 ;  26).  Une  revue  de  la 

littérature récente confirme la relation entre la cigarette et les complications biologiques 

comme  les  infections  péri‐implantaires  et  augmente  le  taux  d’échec  de  ce  traitement 

(68).  On  différencie  souvent  les  fumeurs  en  plusieurs  catégories  selon  la  quantité 

consommée. Dans une étude récente,  les « grands fumeurs » (plus de 20 cigarettes par 

jour) montrent un haut risque d’échec (60). 

 

4.3.1.3. Les pathologies dentaires  et les risques anatomiques propres à chaque 
patient 

 

Ces  deux  groupes  de  facteurs  locaux  sont  étudiés  ensemble  car  ils  font  partie  de 

l’évaluation  du  risque  esthétique  ou  « Esthetic  Risk  Assessment »  (ERA)  (proposé  par 

45) Cette évaluation prend en compte  l’énumération de 12  facteurs de risque pouvant 

être appliqués à chaque patient. 

Les deux premiers facteurs ont été vus précédemment (facteurs de risque systémiques 

et tabac). Un troisième facteur général est l’attente du patient. Les neufs points suivants 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représentent, quant à eux, des facteurs de risque locaux qui sont étudiés exclusivement 

pour l’IIPE d’une dent unitaire dans la zone maxillaire antérieure. 

 

4.3.1.4. L’attente des patients 
 

Lors de la première consultation, il est important d’entendre le patient sur ses attentes 

concernant le résultat du traitement. Les situations anatomiques ne permettent parfois 

pas  de  satisfaire  la  demande  du  patient,  c’est  alors  que  l’explication  portant  sur  les 

risques  anatomiques  et  leur  impact  sur  le  résultat  doit  permettre  au  patient  de 

comprendre et accepter le bon choix. 

 

4.3.1.5. La ligne du sourire 
 

Il  est  associé  à  la  gencive marginale bordant  le  collet de  la dent qui peut  être plus ou 

moins visible selon les actions : la parole, la mastication, le sourire… 

Trois  catégories  sont  décrites  (45) :  ligne  des  lèvres  basse,  moyenne  ou  haute.  Cette 

dernière  catégorie  est  bien  évidemment  la  plus  risquée.  Elle  découvre  très  souvent  le 

collet  des  dents  et  la  crête marginale  est  alors  apparente.  Au  contraire,  le  risque  est 

réduit chez les patients qui ne découvrent pas le collet des dents. Un défaut esthétique à 

ce niveau sera bien moins visible, ce qui permet une plus grande marge de manœuvre 

pour le niveau du col implantaire et pour la jonction dent‐implant. 

 

4.3.1.6. Le biotype gingival 
 

On  a  distingué  3  types  de  biotype  gingival :  épais,  moyen  et  fin  (45).  Chacun  a  sa 

caractéristique spécifique. Le risque esthétique le moins élevé est pour les tissus épais. 

Une large attache muqueuse est plus résistante aux récessions (Kan and Co, 2003 ; Kois, 

2004).  La muqueuse  épaisse masque  la  coloration  grise  du  titane  de  l’implant,  ce  qui 

permet également une marge d’erreur plus importante de positionnement de l’implant 

vis à vis du  résultat esthétique. Ce biotype épais  favorise évidemment à  long  terme  la 

stabilité esthétique des tissus mous péri‐implantaires. 

En revanche, les patients avec un biotype gingival fin ont un risque esthétique important 

bien  qu’ils  puissent  montrer  un  résultat  excellent  dans  les  restaurations  de  dents 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esthétiques unitaires si les dents adjacentes ont un parodonte sain et un niveau osseux 

non  altéré.  Habituellement,  la  papille  interdentaire  se  maintient  mais  la  récession 

gingivale peut altérer le résultat esthétique (29; 38; 39 ;43). Pour ces derniers patients, 

une  position  légèrement  palatine  de  l’implant  peut  favoriser  et  optimiser  le  devenir 

esthétique de la restauration. 

 

4.3.1.7. Forme de la couronne dentaire adjacente 
 

La forme de la couronne de la dent manquante ainsi que celle de la dent adjacente peut 

influencer  fortement  le risque esthétique. Les  formes triangulaires des couronnes sont 

souvent combinées à des biotypes gingivaux fins et festonnés (50). Le risque esthétique 

est encore augmenté lorsque les formes triangulaires sont associées à un niveau osseux 

réduit  adjacent  aux  racines  entrainant  la  perte  de  la  hauteur  de  la  papille 

interproximale.  Cela  engendre  des  « triangles  noirs »  inesthétiques.  On  essaye  de 

remédier à ce problème par une forme plus carrée de la couronne, augmentant ainsi la 

surface du point de contact, ce qui cache légèrement la perte de la papille. Les espaces 

interproximaux  doivent  être  anticipés  pour  les  restaurations  de  dents  en  forme 

triangulaire. Le risque est largement réduit pour les formes rectangulaires ou carrées et 

souvent en association avec un biotype gingival épais. 

 

4.3.1.8. Le niveau osseux de la dent adjacente 
 

Comme plusieurs études cliniques l’ont montrée,  la présence ou l’absence de la papille 

interproximale adjacente à un implant porteur d’une couronne dépend du niveau osseux 

de  la  dent  adjacente  (23;  38;  59).  Lorsqu’une  infection  locale  entraine  une  résorption 

verticale de l’os et que la distance séparant le point de contact de la surface de la crête 

osseuse dépasse 7 mm, le risque de mauvais résultat esthétique est augmenté. Il y a plus 

de probabilité de voir apparaître le « triangle noir » de l’espace interdentaire s’il y a une 

perte d’os ou un défaut osseux sur le site à réhabiliter ou autour des dents adjacentes à 

l’édentement. 

Par conséquent, les situations cliniques comprenant un défaut vertical osseux au niveau 

des  parois  radiculaires  des  dents  adjacentes  sont  un  gros  challenge,  difficilement 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maitrisable  par  le  praticien,  jusqu’à  ce  qu’un  jour  les  techniques  chirurgicales 

permettent le regain osseux. 

 

4.3.1.9. Les infections locales du site implantaire 
 

La  présence  d’une  infection  dans  le  futur  site  d’implantation  doit  être  généralement 

recherchée  lors de  l’analyse préopératoire. Depuis plusieurs années,  il est accepté que 

les  parodontites  doivent  être  traitées  avant  toute  thérapie  implantaire  (49).  La 

pathologie  parodontale  peut  être  responsable  d’une  infection  péri  implantaire.  Les 

infections  locales  causées  par  des  lésions  endodontiques,  post  traumatiques  (fracture 

radiculaire,  résorption  radiculaire,  ankyloses)  ou  par  des  corps  étrangers  (résidus 

d’amalgame ou d’infection) sont considérées comme des facteurs de risques transitoires 

selon les complications qu’ils peuvent entrainer si les implants sont placés dans ces sites 

infectés. Les zones montrant une infection latente avec exsudat ou pus sont considérées 

comme des zones à haut risque, alors que les infections chroniques sont à moyen risque. 

Néanmoins, les avis sont partagés en ce qui concerne l’augmentation éventuelle de taux 

d’échec dans les cas d’implants placés sur des lésions périapicales.  

Une étude clinique prospective randomisée a nettement démontré une augmentation du 

taux  d’échec  alors  qu’une  autre  étude  n’a  montré  aucune  différence.  L’approche 

raisonnable semble être de retarder la mise en place d’implant dans des sites présentant 

des lésions aigues avec présence de pus ou de fistule périapicale. 

 

4.3.1.10. Etat de restauration de la dent voisine 
 

Lorsque  la  dent  adjacente  à  l’espace  édenté  d’une  seule  dent  ne  présente  aucune 

restauration  ni  lésion  des  tissus  dentaires,  il  n’y  a  aucune  précaution  particulière  à 

prendre  face  à  un  problème  esthétique  additionnel.  Alors  qu’un  risque  important  est 

présent  si  la  dent  adjacente  présente  des  restaurations,  surtout  si  elles  s’étendent 

jusqu’au  sulcus  gingival.  Les  limites  sous gingivales  entrainent  souvent des  récessions 

gingivales  plus  marquées  en  cas  d’implantation.  Le  risque  s’agrandit  puisque  la 

récession  gingivale  due  à  la  restauration  défectueuse  de  la  dent  adjacente  peut 

s’associer  au  problème  gingival  de  l’implant.  Le  risque  est  combiné.  Pour  ces  cas 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d’anciennes restaurations défectueuses dans les sites encadrant la pose de l’implant,  le 

remplacement de celles ci font parties du plan de traitement. 

  

4.3.1.11. Largeur de l’espace édenté 
 

Les  résultats  esthétiques  d’un  traitement  sont  meilleurs  pour  le  remplacement  d’une 

seule dent que dans des situations où plusieurs dents adjacentes sont manquantes (8; 9; 

13).  La  présence  ou  l’absence  de  papilles  interproximales  est  principalement  liée  aux 

niveaux  osseux  entourant  les  dents  adjacentes.  L’espace  nécessaire  minimum  pour 

poser  un  implant  est  de  1  à  1,5 mm entre  le  col  implantaire  et  les  racines  adjacentes 

dans un remplacement unitaire. (13). 

 

4.3.1.12. Anatomie des tissus mous 
 

Une  récession  gingivale  est  le  plus  souvent  associée  à  des  résorptions  osseuses 

horizontales et/ou verticales. 

Une  solution  pour  combler  ces  déficits  gingivaux  au  niveau  des  implants  est  soit  de 

réaliser  un  comblement  osseux  soit  de  réaliser  une  greffe  de  tissu  conjonctif 

simultanément ou avant l’implantation. 

 

4.3.1.13. Défaut osseux au site d’implantation 
 

Différents  niveaux  de  risques  esthétiques  ont  été  individualisés  en  fonction  de 

l’importance du défaut osseux. 

Un site sans défaut osseux est considéré à faible risque. 

Un site présentant un défaut horizontal est considéré à risque moyen étant donné qu’il 

existe aujourd’hui des procédés chirurgicaux permettant d’augmenter le niveau osseux 

avec succès et avec un faible taux de complications. 

L’état  de  la  paroi  osseuse  vestibulaire  est  d’importance  capitale  pour  les  résultats 

esthétiques. Une paroi manquante suite à une infection ou un traumatisme impose une 

restauration osseuse par comblement. Si la paroi vestibulaire est trop mince (inférieure 

ou égale à 1mm), cet os se résorbera en 4 à 8 semaines entrainant un déficit osseux en 

forme de cratère, horizontal et une perte d’os vertical. 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4.3.2. Les biomatériaux 
 

Trois types de biomatériaux sont utilisés dans la majorité des cas d’IIPE : 

L’implant, les membranes et le matériau de comblement osseux. 

 

En ce qui  concerne  le  choix de  l’implant à placer,  il  se  fait parmi un grand nombre de 

d’implants commercialisés, bien documentés et testés.  

 

Les caractéristiques suivantes sont d’importance pour le choix d’implant en fonction du 

contexte de l’IIPE : 

‐ La forme de l’implant :  

Il peut être filté ou non, cylindrique ou conique. 

Diamètre et longueur sont choisis en fonction du rapport du niveau osseux sur le niveau 

d’épaisseur des tissus moux 

La géométrie et le pas du filetage sont également des paramètres à définir en fonction de 

la situation. 

 

‐ La connectique entre implant et abutment : 

Choix de la connectique : externe ou interne, cylindrique ou conique 

 

‐ Les composants prothétiques : 

Ce sont essentiellement du titane ou de l’or ou du zircone. 

 

‐ La surface de l ‘implant. 

 

Cette  longue  liste de caractéristiques montre  la diversité des  implants dentaires.  Il est 

recommandé de choisir un implant bénéficiant d’une bonne documentation scientifique 

qui peut apporter un progrès technologique au niveau d’avancement scientifique actuel. 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4.3.3. Le Clinicien 
 

Nous avons vu que le choix du traitement était  largement dépendant de l’état clinique, 

général  et  local  du  patient  et  qu’il  était  lié  aux  biomatériaux  mis  à  la  disposition  du 

praticien. 

Le clinicien est l’acteur majeur du traitement qui en assure la mise en œuvre. 

Il  choisira  parmis  les  différentes  possibilités  thérapeutiques  de  l’IIPE  celle  qui 

correspond à sa formation et à son expérience en même temps qu’à la situation clinique. 

C’est à ces conditions que le taux de succès pour le patient sera le plus élevé. 

Les facultés de communication du praticien, qu’il mettra au service de son patient en lui 

fournissant les explications précises, compréhensibles et patientes sont un atout pour la 

réussite du traitement. Elles permettent au patient de comprendre et d’accepter le choix 

thérapeutique. 

 

4.3.4. Approche technique 
 
 

4.3.4.1. Extraction atraumatique 
 

Selon plusieurs auteurs, il est confirmé que la méthode d’extraction est un des facteurs 

les plus importants pour la prévention de la réduction de la perte d’os alvéolaire. 

 

L’importance d’une extraction atraumatique avait déjà été soulignée dans les études sur 

le  remodelage  des  alvéoles  après  extraction  dentaire  chez  l’animal.  Chez  l’animal,  le 

respect des tissus mous tels que le périoste est un élément essentiel de la préservation 

du tissu osseux. Ce résultat est à rapprocher de la constatation faite par Artzy pour qui 

l’absence de  réalisation de  lambeau  réduit  la  résorption osseuse  lors  d’une  extraction 

faite chez le chien. En l’absence de levée de lambeau, le périoste reste intacte (6, 14, 30, 

52). 

 

Un  consensus  confirme  l’importance  de  réduire  le  traumatisme  des  tissus  mous  et 

osseux  lors  des  extractions  dentaires.  Il  est  donc  conseillé  de  séparer  les  racines  des 

dents pluriradiculeés  afin de  limiter  le  traumatisme des  tissus  avoisinants.  Il  convient 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aussi de retirer soigneusement et de manière non agressive tout le tissu de granulation 

situé dans l’alvéole (30, 33). 

 

4.3.4.2. Préservation de la crête osseuse après extraction 
 

La préservation de la crête osseuse est le souci majeur de la restauration prothétique. 

Les travaux de recherche ont porté à la fois sur : 

• la recherche des facteurs qui pourraient être inducteurs de la résorption osseuse 

• la possibilité de supprimer ces facteurs défavorables 

• ainsi que les techniques qui permettent de réduire la résorption. 

 

Préserver l’intégrité des crêtes alvéolaires est le souci constant qui a motivé la mise en 

place  de  multiples  études  de  différentes  techniques  de  préservation  (27).  De 

nombreuses  techniques  jouent  un  rôle  effectif  dans  la  préservation  de  la  résorption 

osseuse : 

 

Cependant, il ne semble pas qu’une technique soit nettement supérieure aux autres. 

 

 

4.3.4.3. Usage de matériau de comblement de l’hiatus entre les parois alvéolaires et 
la surface de l’implant. 

 
 Indications 

 

Les  sites  d’extraction  présentant  un  hiatus  entre  la  paroi  alvéolaire  et  l’implant 

supérieur  à  2mm  requièrent  une  procédure  de  comblement. De  la même manière,  un 

comblement s’impose quand les parois de l’alvéole sont endommagées (21). 

 

Les  patients  de  biotype  comprenant  une  gencive  fine  sont  des  indications  de 

comblement  de  l’hiatus  au  moment  de  l’implantion  immédiate,  le  risque  étant  une 

résorption de la paroi vestibulaire et une récession de la gencive (33). 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 Méthodes 

 

Jensen  (37)  a  publié  en  2009  une  revue  de  la  littérature  concernant  les  méthodes 

d’augmentation d’os dans  les manques  localisés des crêtes alvéolaires.  Il  s’agissait des 

résultats  publiés  selon  différents  types  de  greffes  osseuses  et  de  substituts  osseux. 

L’étude  a  porté  sur  2  006  résumés,  424  articles  complets  incluant  11  essais  cliniques 

randomisés. Des groupes ont été identifiés selon le type de défaut osseux: 

• comblement des déhiscences et fenêtres osseuses, 

• augmentation de la crête horizontale, 

• augmentation de la crête verticalement,  

• et  élévation du plancher  du  sinus maxillaire  par  approche  soit  par  une  fenêtre 

latérale, soit trans‐alvéolaire. 

L’objectif était d’évaluer le devenir des greffons et le taux de survie des implants. 

 

La majorité des publications ne permet pas de conclure formellement pour telle ou telle 

procédure  de  reconstruction,  soit  parce  que  le  nombre  de  cas  évalué  est  limité,  soit 

parce que la période d’étude est trop courte. 

Cependant, quelques études de qualité permettent de démontrer avec un haut niveau de 

preuve  (A  et  B)  que  le  taux  de  survie  des  implants  est  comparable  pour  les  implants 

associés à une reconstruction osseuses et les implants posés en os primaire. 

 

Selon les groupes étudiés séparément, il est aussi possible de conclure : 

• Pour  les  comblements  des  déhiscences  et  fenêtres  osseuses,  les  meilleurs 

résultats  sont  obtenus  avec  des  xénogreffes  couvertes  par  une membrane,  des 

autogreffes avec ou sans membrane résorbable et une membrane non résorbable 

seule. 

• Pour  les    comblements  de  l’hiatus  péri‐implantaire,  le  protocole  le  mieux 

documenté est une greffe d’os autogène provenant de la bouche seul ou combiné 

avec une xénogreffe couvert ou non par une membrane. 

• Les apports dans la hauteur de la crête ont été réalisés avec essentiellement des 

greffes d’os autogène. 

• Dans  le  comblement  osseux  par  soulevé  de  sinus  les  études  les  mieux 

documentées utilisent le coagulum , la greffe autogène seule ou combinée avec la 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xénogreffe ou  l’allogreffe,  la xénogreffe seule ou combinée avec  l’allogreffe et  le 

substitut osseux hydroxy‐apatite seul. 

 

 

 

4.3.4.4. Positionnement de l’implant 
 

 
Les trois dimensions d’un implant. 

 

Le  bon  positionnement  tridimensionnel  des  implants  dans  les  zones  esthétiques  

constitue  un  paramètre  majeur  pour  obtenir  un  résultat  esthétique  satisfaisant.  Ce 

positionnement obéit à des règles très précises en fonction de l’anatomie du site et de la 

topographie des tissus environnants. Il est basé sur le respect d’un espace biologique qui 

garantit sa stabilité dans  l’os au niveau du col  implantaire permettant de stabiliser  les 

tissus mous et de conserver un bon état esthétique à long terme. 

Dans  l’IIPE,  l’alvéole d’extraction présente  influe  le  clinicien dans  l’axe  implantaire. Or 

l’implant  n’a  pas  la  même  forme  géométrique  que  la  dent  extraite  ni  l’axe  idéal  de 

l’alvéole d’extraction. » 

Une  seule  erreur  de  placement  de  l’implant  dans  un  des  trois  sens  de  l’espace 

compromet  de  façon  définitive  l’objectif  esthétique  du  traitement.  Cet  échec  est 

rédhibitoire.  Il  nécessite  le  plus  souvent  la  dépose  de  l’implant  même  si  son  ostéo‐

intégration est acquise. 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Mauvais positionnement sagittal de l’implant : l’émergence vestibulaire ne permet pas la 

réalisation de la prothèse d’usage. 

 

 

 
Mauvais positionnement vertical de l’implant. Il est placé trop apicalement ce qui 

engendre un phénomène de « dent longue ». 

 



  52 

 

 
Mauvais positionnement vertical de l’implant qui est cette fois ci trop occlusal : visibilité 

du col implantaire. 

 

 
Mauvais positionnement mésiodistal de l’implant au contact de la dent adjacente 

nécessitant son extraction et la dépose de l’implant. 

 

• Positionnement sagittal de l’implant 

 

L’observation  de  coupes  obliques  tomodensitométriques  des  secteurs  antérieurs  du 

maxillaire révèle presque systématiquement une orientation particulière des dents par 

rapport à la crête alvéolaire ; les dents ne sont pas centrées sur la crête mais beaucoup 

plus  vestibules,  et  le  plus  souvent  au  contact  de  la  face  interne  de  la  corticale 

vestibulaire. 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Face à ce constat, une question se pose : « Faut‐il utiliser le site extractionnel comme site 

implantaire ? » 

 

 
Coupes tomodensitométriques obliques du secteur antérieur maxillaire. 

 

 
Choix du positionnement sagittal de l’implant. 

 

Positionnement  1 :  le  site  implantaire  utilise  le  site  extractionnel ;  l’implant  est  très 

proche  de  la  corticale  vestibulaire,  avec  très  peu  d’interposition  d’os  spongieux.  Cette 

situation met en péril l’ostéo‐intégration par manque de vascularisation, et augmente le 

risque d’effraction de la corticale vestibulaire. 

Positionnement  2 :  le  site  implantaire  est  plus  palatin  que  le  site  extractionnel.  L’os 

spongieux est harmonieusement réparti autour de l’implant, gage de stabilité de l’ostéo‐

intégration. 

 

Par contre, un tel positionnement augmente les contraintes biomécaniques horizontales 

qui constituent un facteur d’échec important par fracture des composants prothétiques. 

« In  medio  stat  virtus »  caractérise  la  prise  de  décision  concernant  l’angulation  de 

l’implant par rapport à  la crête osseuse pour éviter  les risques d’échecs biologiques et 

biomécaniques. 

Le geste chirurgical doit donc être parfaitement maitrisé, car il y a peu de possibilité de 

guide chirurgical en IIPE dans le secteur antérieur. 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Le seul « outil » permettant de visualiser  la divergence, entre  l’axe  implantaire et  l’axe 

des dents naturelles voisines, est de réaliser un modèle positif unitaire préopératoire et 

de  reporter  sur  la  tranche  de  section  les  différentes  données  topographiques ;  le 

chirurgien peut ainsi visualiser parfaitement cette divergence et donner une angulation 

favorable à l’implant lors du forage dans l’alvéole d’extraction. 

 

 
Réalisation d’un MPU (modèle positif unitaire) préimplantaire. 

Rouge : profil de la crête édentée 

Vert : positionnement des dents adjacentes au site implantaire 

 

 

Le  positionnement  cervical  de  l’implant  dans  le  sens  sagittal  revêt,  lui  aussi,  une 

importance capitale. 

L’implant ne doit jamais être situé en vestibulaire par rapport à une droite joignant les 

collets des dents adjacentes. 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Positionnement sagittal de l’implant dans la zone cervicale. 

Dans le cas de l’IIPE, il y a souvent un hiatus entre la corticale vestibulaire et la partie du 

col de l’implant. 

 

L’objectif est de conserver  la corticale vestibulaire pour obtenir un profil d’émergence 

alvéolaire identique sur les secteurs dentés adjacents et sur le site implantaire.  

 

 
Positionnement sagittal de l’implant dans la zone cervicale. 

 

Deux situations peuvent se produire : 

Situation  1 :  Le  hiatus  est  inférieur  à  1,5mm ;  L’espace  est  comblé  par  de  l’os 

autogène et la mise en situation prothétique immédiate peut être réalisée. 

Situation  2 :  Le  hiatus  est  supérieur  à  1 ,5mm ;  L’espace  est  comblé  par  de  l’os 

autogène  prélevé  mais  l’implant  n’est  pas  utilisé  immédiatement  à  des  fins 

prothétiques ;  La méthode  choisie  dans  ce  cas  est  la  technique  enfouie,  avec  ou  sans 

mise en place de membrane. 

 

Cette  façon de procéder permet de conserver  la corticale vestibulaire et, de ce  fait, un 

profil  d’émergence  alvéolaire  sur  le  site  implanté  identique  aux  profils  des  dents 

naturelles adjacentes. 

 

• Positionnement vertical de l’implant 

 

Le positionnement vertical de l’implant détermine le niveau des trois tissus concernés, 

os, tissu conjonctif et épithélium, c’est à dire la localisation de l’espace biologique. 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Ce  positionnement  vertical  prend  en  compte  la  différence  entre  l’espace  biologique 

autour des dents adjacentes, de l’ordre de 2 mm, et l’espace autour de l’implant qui est 

évaluée à 3 mm par augmentation de l’épithélium de jonction. 

 

Le résultat esthétique est fonction de l’obtention de trois paramètres : 

 

‐ L’alignement des collets : 

 

Pour  obtenir  l’alignement  des  collets,  la  référence  pour  l’enfouissement  vertical  de 

l’implant  concerne  le  niveau  clinique  des  collets  des  dents  bordant  l’édentement.  Le 

niveau clinique des collets est apprécié avant la levée du lambeau afin de repositionner 

le col de l’implant 1 à 34 mm plus apicalement par rapport à ce niveau. 

Pour  un  profil  d’émergence  prothétique  donné,  le  choix  entre  1,2  ou  3  mm 

d’enfouissement est directement fonction du diamètre de l’implant. Plus le diamètre de 

l’implant choisi est  faible, plus  l’enfouissement est  important, c’est à dire proche des 3 

mm par rapport à la ligne des collets des dents adjacentes. 

En revanche, le choix d’un implant de large diamètre permet de réduire cette distance à 

1 mm et de diminuer le risque de fausse poche. 

Pour obtenir l’alignement des collets sur le secteur antérieur, seuls les tissus mous fixent 

le positionnement vertical de l’implant ; si le niveau de l’os n’est pas compatible avec ce 

positionnement, il faut faire en sorte de créer de l’os dans la partie cervicale de l’implant 

pour satisfaire aux impératifs de l’ostéo‐intégration.  

 

 
Modalité du positionnement vertical de l’implant, le collet anatomique des dents 

adjacentes fixe l’enfouissement vertical de l’implant. 

 

 

‐ La présence des papilles : 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La  présence  des  papilles  et  leur  niveau  mésial  et  distal  sont  directement  liés  à  la 

présence des septa osseux et à leur niveau en regard des dents adjacentes. 

 

Selon Garber  et  Salama  (1998)  il  existe une distance maximale  entre  le  sommet de  la 

papille et le niveau du septum osseux au‐delà de laquelle on ne peut obtenir une papille 

correctement  située ;  cette  distance  est  variable  en  fonction  des  situations  cliniques 

rencontrées.  Les  données  de  cette  étude  sont  intéressantes  en  prothèse  fixée.  Elles 

concernent  la  totalité  des  situations  cliniques  prothétiquements  traitées  sur  dents 

naturelles et sur implants. Elles permettent d’avoir une prédictibilité de la présence des 

papilles si ces mensurations sont respectées. 

Dans  le  cas  contraire,  un  réaménagement  osseux  est  nécessaire  pour  satisfaire  aux 

impératifs de distance entre sommet de papille et pointe du septum osseux. 

Cette  analyse  permet  de  comprendre  que  la  présence  des  papilles  est  plus  ou moins 

difficile  à  obtenir  en  fonction  du  contexte  clinique.  La  situation  la  plus  délicate  est 

l’obtention d’une papille entre deux implants (distance maximale de 4,75 mm) (32).  

 

‐ La non‐visibilité du col implantaire : 

 

La non visibilité du col implantaire créer une situation de « compromis parodontal » ; du 

fait  du  profil  plan  des  implants  dans  le  zone  cervicale  et  la  nécessité  d’occulter 

visuellement la jonction implant‐suprastructure dans la région vestibulaire, il existe des 

profondeurs sulculaires péri‐implantaires différentes en fonction des zones considérées. 

Dans  les  zones  proximales  notamment,  la  profondeur  sulculaire  peut  être 

paradoxalement assimilée à une fausse poche. 

Il est donc impératif d’exercer dans ces zones à risque une maintenance rigoureuse, et 

de sensibiliser le patient à cette nécessite. 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Echec esthétique d’un implant trop occlusal. 

 

 

 
Profil de la topographie tissulaire recherchée. 

 

 

• Positionnement mésio‐distal de l’implant 

 

Parallèlement  à  l’espace  biologique  vertical,  il  existe  aussi  un  espace  biologique 

horizontal qui doit être respecté pour éviter tout problème parodontal ; cet espace doit 

avoir une valeur minimale qui varie en fonction du contexte clinique. 

De manière générale,  le remplacement d’une dent par un implant obéit à des règles de 

positionnement mésio‐distal  très  strictes ;  dans  certains  contextes  cliniques  ces  règles 

sont  difficiles  à  appliquer  et  peuvent  contre  indiquer  la  mise  en  place  d’un  implant 

postextractionnel immédiat. 

L’observation  des  règles  montre  qu’il  est  nécessaire  d’avoir  un  espace  interproximal 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entre une dent  et un  implant plus  important qu’entre deux dents ;  cela  implique dans 

certaines  situations  cliniques  le  choix  d’un  implant  sous  dimensionné  par  rapport  au 

volume radiculaire. Cette situation ne milite pas en faveur d’une bonne fixation primaire 

de l’implant.  Il vaut mieux, dans ce cas, différer la pose de l’implant après cicatrisation 

du site. 

Le  problème  de  positionnement mésio‐distal  des  implants  ne  se  limite  pas  à  la  zone 

cervicale  mais  concerne  aussi  l’ensemble  du  site  implantaire  et  notamment  la  zone 

apicale. 

 

 
Racine courbe diminuant le volume osseux apical disponible pour l’implant. 

 

 

L’anatomie radiculaire des dents antérieures  présente une grande variabilité de formes 

qui  modifie  souvent  le  volume  osseux  disponible  pour  l’implant,  notamment  dans  la 

zone apicale. Dans cette situation clinique, le choix d’un implant conique permet à la fois 

de  choisir  un  implant de diamètre  cervical  adapté  à  la  dent  à  remplacer  et  d’éviter  le 

risque d’interférence de l’implant avec les racines des dents adjacentes. 

Tous ces paramètres anatomiques spécifiques des secteurs antérieurs sont notamment 

très fréquents à la mandibule où l’implantologie post extractionnelle est souvent la plus 

difficile à mettre en œuvre. 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4.3.4.5. Rôle esthétique 
 

Une étude prospective sur 12 patients a permis à Tortamano de montrer, avec un recul 

de  18  mois,  que  l’IIPE  avait  un  intérêt  dans  le  remplacement  des  dents  en  zone 

esthétique (69). En post opératoire les mesures étaient les suivantes : 

Les  sujets  étaient  essentiellement des hommes blancs,  âgés de 18  à 80  ans  (moyenne 

62,9 ans). 

Des  quantités  significativement  plus  grandes  de  perte  osseuse  ont  été  associées  aux 

implants qui ne se sont pas ostéointégés. Quand l'épaisseur de l'os est de l’ordre de 1,8 à 

2 mm, il y a moins de perte osseuse et un gain de masse osseuse a été observé. Il n'y a 

pas  de  différence  statistiquement  ou  cliniquement  significative  de  la  réponse  osseuse 

entre les implants traités ou non par de l’hydroxy‐apatite. 

• Distance entre l’extrémité de la papille mésiale et le bord mésioincisal, 

• Distance entre la papille distale et le bord mésioincisal 

• Longueur de la couronne 

Les résultats ont montré :  

• l’absence de différence significative entre les bords incisifs des dents voisines et les 

extrémités de papilles mésiales et distales.  

 

 

La  même  année  (2010),  Razzouk  propose  une  attitude  thérapeutique  manifestement 

adaptée  à  chaque  patient  et  définit  le  concept  de  la  thérapie  implantaire 

individualisée (individualized implant therapy) (57). 

 

La  pause  d’implant  post  extractionnelle  a  une  place  prépondérante  dans  le 

remplacement des dents antérieures. Dans ces conditions,  le pronostic esthétique est de 

première  importance  lorsque  l’on  est  à  la  recherche  du  traitement  le  plus  approprié. 

Plusieurs  études  ont  été  publiées  rapportant  des  données  sur  les  tissus  mous  et  les 

paramètres esthétiques.(64; 44; 20) 

Les  études  portant  sur  les  IIPE  décrivent  une  récession  de  la  gencive  marginale 

vestibulaire allant de 0,5 à 0,9 mm. La  fréquence de  la récession dans  l’IIPE est élevée 

avec  une  récession  supérieure  ou  égale  à  1mm  touchant  8  à  40  pourcents  des  sites 

implantés (29). 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Pour  compenser  la  résorption  horizontale  de  la  crête  dans  les  suites  d’une  extraction 

dentaire et pour améliorer le devenir esthétique, des greffes de tissus conjonctifs ont été 

proposé  pour  conserver  une  zone  muqueuse  kératinisée  suffisante  (10)  et  pour 

augmenter l ‘épaisseur de tissus chez les patient à biotype mince (41). Ces greffes sont 

issues principalement de la muqueuse palatine. 

Dans  une  étude  clinique  prospective  (10)  ,116  patients  ont  reçu  une  IIPE  et  ont  été 

suivis  pendant  9  ans.  Ils  ont  reçu  une  greffe  de  tissu  conjonctif  et  ce  groupe  a  été 

comparé à un groupe contrôle de 20 patients qui ont bénéficié d’une IIPE sans greffe. La 

proportion  de  sites  d’implantation  se  présentant  avec  plus  de  2mm  de  muqueuse 

kératinisée était de 85 à 95 % pour les sites ayant été greffé alors qu’elle est de 65 à 70 

% pour les sites n’ayant pas reçu de greffe. La proportion de sites avec une différence de 

niveau  de  gencive  marginale  entre  les  dents  adjacente  de  1mm  au  moins  était 

supérieure à 95 % pour les sites ayant reçu une greffe alors qu’elle était de 80 % pour 

les sites n’ayant pas reçu de greffe. 

Récemment,  des  techniques  de  IIPE  sans  lever  de  lambeau  ont  été  encouragées. 

L’hypothèse était que l’absence de lambeau peut éviter la résorption de la crête osseuse 

vestibulaire et donc améliorer les résultats esthétiques au niveau des tissus mous (40). 

La  position  du  col  implantaire  à  l’intérieur  de  l’alvéole  dans  l’IIPE  est  un  élément 

important  dans  les  phénomènes  de  récessions  gingivales.  Les  implants  placés  en 

position vestibulaire entraineraient une résorption plus importante de la gencive que les 

implants placés en position palatine (20 ; 29). 

Dans  les  IIPE,  des  greffes  de  tissus  conjonctifs  sont  recommandées  surtout  chez  les 

patients  au  biotype  mince.  Le  lambeau  doit  être  séparé  du  périoste  sur  une  hauteur 

suffisante pour permettre au lambeau de recouvrir entièrement le greffon. Le greffon ne 

doit pas être trop gros pour obtenir une suture facile des bords du lambeau.  

 

 

 

4.3.5. Synthèse sur les attitudes thérapeutiques 
 

L’attitude  thérapeutique  doit  répondre  à  une  demande  du  patient  exigeant  un 

traitement rapide et un résultat fonctionnel et esthétique. 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La greffe de gencive pour fermer l’orifice de l’alvéole peut augmenter la largeur de tissu 

kératinisé et améliorer le résultat esthétique. La survie de greffe de tissus mous dépend 

de l’alimentation en élément du plasma résultant du caillot formé sous le greffon (52). 

 

La qualité de la gencive influe sur le résultat esthétique : une gencive fine conduira plus 

souvent à des problèmes de récessions gingivales contrairement à un biotype épais (33). 

 

 

4.4. Etudes cliniques comparatives entre l’IIPE et l’implantation 
différée 

 

En 2004, Chen publie une analyse de la littérature à partir d’études publiées entre 1990 

et 2003 comportant chacune un minimum de 10 cas et un recul de 12 mois. 31 articles 

ont été identifiés (21). 

• L’hiatus  péri  implantaire  a  un  haut  potentiel  de  comblement  osseux 

indépendamment du protocole opératoire incluant les méthodes d’augmentation 

osseuses. 

• Les sites avec un hiatus horizontal  inférieur ou égal à 2mm guérissent d’autant 

mieux que la surface des implants est rugueuse. 

• En  revanche,  lorsque  l’hiatus  dépasse  2mm,  une  greffe  osseuse  et/ou  un 

comblement membranaire est nécessaire. 

• De  plus,  les  résultats  cliniques  comparés  entre  implantation  immédiate  ou 

précoce  (6  à  8  semaines  après  extraction)  et  implantation  différée  sur  un  site 

cicatrisé sont similaires en ce qui concerne la survie de l’implant. 

• Le taux de réussite des deux méthodes semblerait donc être comparable. 

 

En 2009, Chen propose une revue de la littérature qui porte sur plus de 1000 résumés, 

sur  170  textes  complets  d’articles  parmi  lesquels  91  études  ont  été  plus 

particulièrement analysées (18). Les groupes sont identifiés selon la date de l’implantion 

à la suite de l’extraction : 

• Type 1 : IIPE, 

• Type 2 :  implantions dite précoce entre 4 et 8 semaines après l’extraction. Il y a 

cicatrisation des tissus mous, 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• Type 3 : implantation dite précoce entre 12 et 16 semaines après l’extraction. Il y 

a cicatrisation osseuse partielle, 

• Type  4 :  implantation  différée  avec  un  recul  de  6  mois  et  plus.  Il  y  a  une 

cicatrisation complète du site d’extraction. 

• Le but de cette publication était d’évaluer : 

• Les modifications des espaces autour des implants, 

• le suivi clinique et le taux de survie des implants, 

• l’aspect esthétique. 

Après un suivi minimal de 12 mois, les résultats ont montré : 

• Les  procédures  stimulant  l’ossification  sont  efficaces  car  elles  permettent  un 

comblement osseux de l’hiatus. Les résultats sont meilleurs dans les types 1, 2 et 

3 que dans l’implantation différée (type 4). 

• La  majorité  des  études  dans  les  types  1  et  2  rapporte  un  taux  de  survie  des 

implants de plus de 95%. 

• Une  récession  gingivale  vestibulaire  est  habituelle  dans  les  cas  d’implantation 

immédiate (type 1), elle est moins fréquente dans les implantations différées de 4 

à 16 semaines (type 2 et 3). 

• Les facteurs de risque de mauvais résultats incluent une malposition de l’implant 

ou une paroi osseuse vestibulaire endommagée. 

 
Ref : (18) 

 

Pour Sanivarapu en 2010, l’IIPE a des avantages sur l’ID à condition d’être très sélectif 

sur  les  critères  d’indications  (61).  Ainsi,  les  patients  présentant  une  périodontite 

and Related Research. In addition, the reference lists of
recent review papers were searched for additional
citations.1,2,4–8 Papers accepted for publication were
also included.

Selection of Studies
All clinical studies of implants in postextraction sites
that included 10 or more treated patients were evalu-
ated. For studies reporting on success and survival
outcomes, only studies with a mean follow-up period
of at least 12 months from the time of implant place-
ment were included.Where a follow-up publication of
a previous study was identified, the most recent study
was included.

Studies were excluded if the mean follow-up
period was not stated. In studies that reported on
cases with different implant placement times after
tooth extraction, studies were excluded if the data
did not permit a differentiation of the placement
time in subjects and sites.

Evaluation of Treatment Outcome
The following treatment outcomes were recorded:

• Change in peri-implant defect dimension, either as a
reduction in defect area (mm2 or %), defect height,
width, and/or depth (mm or %), or as the change
in the number of exposed implant threads. The fol-
lowing parameters were recorded: study design,
implant surface, number of patients and implant
sites, timing of implant placement after tooth
extraction, implant sites, augmentation method,
healing protocol (whether submerged or transmu-
cosal), concomitant use of systemic antibiotics,
healing time from implant placement to surgical
reentry, and postoperative complications.

• Implant survival, recorded either as an overall sur-
vival rate or cumulative survival rate. Loading pro-
tocol and complications during the follow-up
period were also recorded, in addition to the para-
meters listed above.

• Esthetic outcomes. The following parameters were
recorded: descriptive soft tissue outcomes,
esthetic indices, recession of the mucosa and
papillae (in mm or % change), changes in probing
depths or attachment levels, radiographic changes
of the proximal bone, loading protocol, patient-
evaluated esthetic outcomes, and complications
during the follow-up period.

Definitions
In the literature, a number of descriptive terms have
been used to describe when implants are placed after
tooth extraction.The terms immediate, recent, delayed,

and mature were introduced to describe the timing
of placement in relation to soft tissue healing and the
predictability of guided bone regeneration.9 The term
late was used to describe time intervals of 6 months
or more after extraction.10 More recently, the term
early has been used to describe implant placement
after initial soft and hard tissue healing but before
complete healing of the socket has occurred.5,11,12

The imprecise nature of these descriptive terms in
the dental literature was discussed at the Third ITI
Consensus Conference in 2003, and a new classifica-
tion system for timing of implant placement after
tooth extraction was proposed.13 A slight modifica-
tion to the classification was made in a 2008 ITI publi-
cation, the ITI Treatment Guide, Vol 3 (Table 1).2 This
classification system was based on the desired clinical
outcome of the wound-healing process, rather than
on descriptive terms or rigid time frames following
extraction. Type 1 placement refers to placement of
an implant on the same day as tooth extraction and
as part of the same surgical procedure. Type 2 place-
ment occurs when the implant is placed after soft tis-
sue healing, but before any clinically significant bone
fill occurs within the socket. In contrast, type 3 place-
ment is defined as placement of an implant following
significant clinical and/or radiographic bone filling of
the socket. In type 4 placement, the implant is placed
into a fully healed site. This classification was vali-
dated in a recent review paper.1 The authors of the
paper felt that the classification was an appropriate
means for describing the timing of implant place-
ment in postextraction sites, as it accounted for varia-
tions in the healing capacity of individuals.

Although this classification system has clarified
the terminology for implant placement in postextrac-
tion sites, various descriptive terms remain in wide
use in the dental implant literature. Therefore, to
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Table 1   Classification and Descriptive Terms for
Timing of Implant Placement After Tooth Extraction
(from Chen and Buser2)

Classifi- Descriptive Desired clinical 
cation terminology outcome

Type 1 Immediate placement An extraction socket with no
healing of bone or soft tissues

Type 2 Early placement-with A postextraction site with
soft tissue healing healed soft tissues but without
(typically 4 to 8 wk of significant bone healing
healing) 

Type 3 Early placement-with A postextraction site with
partial bone healing healed soft tissues and with
(typically 12 to 16 wk significant bone healing
of healing)

Type 4 Late placement (more A fully healed socket
than 6 mo of healing)

186_4a_Chen.qxd  9/10/09  10:16 AM  Page 187
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agressive  nécessitent  plus  d’investigations  et  d’études  pour  pouvoir  aujourd’hui  être 

considéré comme candidats à l’IIPE.  

 

o Synthèse 

 

Au total, chez l’animal comme chez l’homme,  l’IIPE s’accompagne dans les suites d’une 

résorption  osseuse  verticale  et  horizontale,  aussi  prononcée  qu’avec  une  cicatrisation 

naturelle de l’alvéole après extraction. 

La perte osseuse verticale est plus importante du côté vestibulaire que du côté lingual. 

La réalisation d’un lambeau de pleine épaisseur comprenant le périoste semble être un 

facteur aggravant la résorption osseuse. 

 

Les auteurs considèrent que l’épaisseur de la paroi vestibulaire qui permet d’assurer la 

stabilité de  l’implant est de 2mm minimum. En deçà,  il est recommandé de procéder à 

des techniques d’apport pour renforcer et assurer des contours osseux efficaces autour 

de l’implant. 

 

5. Discussion et indications cliniques de L’IIPE 
 

5.1. Généralités 
 

Les  procédures  chirurgicales  de  comblement  post  extractionnel  sont  nombreuses  et 

beaucoup donnent des résultats satisfaisants. Cependant, la plupart des travaux publiés 

concernent des études rétrospectives qui portent sur de petits échantillons de patients 

et  qui  couvrent  une  courte  période  de  suivi.  En  conséquence,  les  comparaisons  des 

techniques  chirurgicales  entre  les  différentes  études  sont  difficilement  possibles.  Ces 

comparaisons  ne  permettent  pas  de  tirer  de  conclusions  certaines  (17,  27,  37)  sur 

l’avantage d’une technique sur une autre. 

 

L’IIPE  a  fait  espérer  la  préservation  de  la  crête  osseuse  après  extraction. 

Malheureusement,  les  travaux  scientifiques  d’Araujo  ont  permis  de  démentir  cette 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hypothèse  (1, 3, 4) et  l’avantage de  l’IIPE sur  l’implantation différée de  l’extraction ne 

porte pas principalement sur la résorption osseuse. 

 

5.2. Les facteurs de décision pour l’IIPE 
 

Hormis  les  cas  d’agénésie,  toute  mise  en  place  d’implant  est  par  définition  post 

extractionnelle ; seul le laps de temps s’écoulant entre l’extraction et la mise en place de 

l’implant permet d’établir une classification ; celle de Gomez‐Roman G. et Coll (2011) est 

intéressante car basée sur la biologie et la physiologie osseuse. 

Classification de l’implantologie postextractionnelle par Gomez‐Roman : 

Immédiate : 0 à 6 jours 

Médiate : 6 semaines à 9 mois 

Retardée : après 9 mois. 

 

5.2.1. A quel moment implanter ? 
 

La question ne se pose pas pour l’implantation retardée car elle correspond au protocole 

classique d’implantation différée. 

Par contre, dans  l’IIPE,  les avis relevés dans  la  littérature sont très divers concernât  le 

laps de temps devant s’écouler entre l’extraction et la mise en place de l’implant : 

à J 0 ? 

à J+1 semaine ? 

à J+3 semaines ? 

à J+6 semaines ? 

 

La réponse est directement liée à la biologie et à la physiologie osseuse : 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Stade 1 : 

 

 

 
Coupe histologique d’un site implantaire à J0 

1 site de forage 

2 tissus osseux calcifiés 

3 espaces conjonctivo‐vasculaires 

 

Stade 2 : 

Sur le site de forage s’installe un cycle de remodelage en deux temps. 

Lors  du  premier  temps,  par  voie  vasculaire,  se  produit  un  recrutement  de  cellules 

d’origine hématopoïethique qui dérivent de la lignée monocytaire. 

Ces  cellules  se  différencient  en  ostéoclastes  et  vont  provoquer  une  élimination  des 

débris  générés  par  la  chirurgie  et  une  résorption  du  tissu  osseux ;  ce  phénomène 

diminue  le  BIC  (bone  implant  contact)  et  de  ce  fait,  la  stabilité  primaire  de  l’implant. 

Cette phase dure une semaine environ. 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Coupe histologique du site implantaire à J+1 semaine. 

 

 

Stade 3 : 

A  partir  de  J+1  semaine :  début  du  deuxième  temps  qui  inverse  le  cycle  initial.  Des 

ostéoblastes apparaissent à partir de cellules ostéoprogénitrices situées sur le site, qui 

provoquent une ostéogenèse autour de l’implant augmentant la surface de contact entre 

implant et tissu osseux. Cette ostéogenèse initie progressivement l’ostéo‐intégration. Ce 

deuxième temps dure 60 jours. 

 

 

 
Coupe histologique du site implantaire à J+60 jours. 

(coupes histologiques réalisées par Gérard Brunel, 5) 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Le stade 2 correspond à une phase ostéoclastique. 

Le stade 3 correspond à une phase ostéogénique par mobilisation des ostéoclastes. 

 

En implantologie  immédiate  il est  important de mettre en place  l’implant dans un laps 

de  temps  le plus court possible après  l’extraction, pendant  la phase ostéoclastique qui 

dure une semaine ; en effet, toute contrainte non maitrisée au niveau de la prothèse se 

produit sur un tissu osseux en phase de désorganisation, et donc habilité à relaxer cette 

contrainte. 

 

La mise en place d’un implant avec prothèse provisoire au delà d’une semaine survient 

pendant  la  phase  de  reconstruction  osseuse  et  risque  de  perturber  cette  phase  en 

compromettant l’ostéo‐intégration. 

Il  est  donc  important,  chaque  fois  que  la  décision  d’IIPE  est  prise,  de  réaliser 

simultanément  l’extraction,  la  mise  en  place  de  l’implant  et  la  pose  immédiate  de  la 

couronne provisoire dans la même séance. 

La décision passe par la prise en compte de quatre principaux paramètres : 

 

5.2.2. La surface radiculaire de la dent extraite et la qualité de l’os du site 
concerné 

 

De  nombreuses  classifications  sont  proposées  pour  déterminer  le  diamètre  idéal  d’un 

implant  en  fonction  de  la  nature  de  la  dent  à  remplacer  et  notamment  de  sa  surface 

radiculaire développée.  

La  prise  en  compte  de  la  surface  radiculaire  de  la  dent  extraite  est  certes  importante 

mais  la qulité de  l’os du site concerné constitue,  lui aussi, un paramètre essentiel  trop 

peu souvent évoqué. 

Prenons  l’exemple  de  la  dent  de  6  ans ;  la  première molaire maxillaire  et  la  première 

molaire mandibulaire  subissent  les mêmes  contraintes occlusales ; pourtant  la  surface 

radiculaire développée et l’anatomie de ces deux dents sont totalement différentes (482 

mm  carrés  pour  la  1re  molaire  maxillaire  et  382mm  carrés  pour  la  1re  molaire 

mandibulaire). 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La  densité  osseuse  généralement  plus  faible  au  maxillaire  est  compensée  par  une 

anatomie tripodique et une surface radiculaire plus conséquente. 

 

 

 
Surface radiculaire développée en fonction de dents, 

Première molaire maxillaire : 482 mm2 

1re molaire mandibulaire : 382 mm2 

Canine maxillaire : 263 mm2 

Incisive latérale maxillaire : 194 mm2 

(Document P. BOGHANIN) 

 

Il  est  important  d’avoir  la  même  approche  en  implantologie,  en  tenant  compte,  non 

seulement  du  type  de  dent  à  remplacer  mais  aussi  de  la  densité  osseuse  du  site 

concerné. 

La démarche logique est donc d’augmenter chaque fois que cela est possible l’interface 

os‐implant ; pour ce faire, l’implantologiste peut jouer sur deux paramètres : 

‐ l’aspect macroscopique  de  l’implant  (forme,  dimètre,  longueur,  type  de  pas  de 

vis) 

‐ l’aspect microscopique de l’implant caractérisé par ses états de surface. 

 

En  jouant  sur  ces  deux  paramètres  il  est  possible  d’obtenir  une  meilleure  fixation 

primaire de l’implant sur le site. 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Pour une augmentation de surface de contact  entre l’os et l’implant, par exemple 8%, il 

faut, pour un diamètre donné, augmenter de 2mm la longueur de cet implant ce qui est 

parfois difficile en présence d’obstacles anatomiques. 

Si,  par  contre,  on  intervient  uniquement  sur  le  diamètre,  ces  8%  sont  obtenus par un 

diamètre d’implant supérieur de 0,4mm. 

Il est aisé de comprendre qu’il est plus facile de jouer sur le diamètre de l’implant que 

sur sa longueur pour augmenter l’interface os‐titane. 

 

 

 
Macroscopiquement l’interface os‐implant peut voir sa surface augmenter en jouant sur 

la longueur et le diamètre de l’implant (5) 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a) Etat de surface lisse en regard de l’épithélium. 

b) Etat de surface mordancé en regard du tissu conjonctif. 

c) Etat de surface sablé et mordancé en regard du tissu osseux. 

 

 

Microscopiquement les états de surface des implants revêtent une importance capitale 

pour obtenir : 

‐ une surface de contact plus importante entre os et implant, 

‐ des  états  de  surface  différents  et  spécifiques  des  tissus  concernés,  os,  tissus 

conjonctif et épithélium. 

‐ Le  sablage et  le mordançage du  titane permettent d’obtenir des  temps d’ostéo‐

intégration  plus  courts  en  favorisant  le  tropisme  cellulaire  et  la  fixation  des 

ostéoblastes. 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Ostéoblaste sur la surface implantaire sablée et mordancée. (Document FRIADENT) 

 

5.2.3. L’étiologie de l’extraction 
 

Ces  trois  situations  cliniques  posent  une  indication  d’extraction ;  la  méthodologie  du 

traitement  implantaire  est  différente  en  fonction  de  ces  trois  situations  qui 

conditionnent directement l’état osseux du futur site implantaire. 

 

 

 
 

De gauche à droite : 

‐ Situation 1 : la fracture traumatique d’une incisive centrale ; la mise en place d’un 

implant le jour de l’extraction peut être envisagée avec un bon pronostic. 

‐ Situation 2 : résorption interne ; la topographie du tissu osseux après extraction 

est le facteur qui détermine la mise en place ou non d’un implant immédiat. 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‐ Situation 3 : foyer infectieux endoparodontal ; ce type de situation constitue une 

contre‐indication à l’IIPE ; l’implant ne peut être posé qu’après cicatrisation 

complète du site et évaluation du volume osseux. 

 

 

5.2.4. L’anatomie de la lésion 
 

L’imagerie  médicale  permet  d’évaluer  la  topographie  des  lésions  osseuses  et 

notamment : le volume de la perte de substance, le niveau des septa osseux sur les dents 

adjacentes, la présence ou l’absence de corticale. Cela permet de choisir la technique de 

reconstruction osseuse la mieux adaptée au contexte clinique. 

Sur  ce  cas  clinique,  la  simple  observation  du  cliché  rétro  alvéolaire  détermine  deux 

problèmes majeurs : 

‐ une  lésion  très  ouverte  sur  le  site  ne  permettant  pas  une  fixation  primaire  de 

l’implant convenable 

‐ un  septum  très  apicalisé  sur  l’incisive  latérale  nécessitant  une  reconstruction 

osseuse pour obtenir un soutien de la papille. 

 

 
Image radiologique du site édenté. 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5.2.5. La stabilité primaire de l’implant 
 

Elle  est  appréciée  extemporanément  lors  du  vissage  de  l’implant  par  un  dispositif 

dynamométrique (moteur ou clé manuelle). 

Le couple de vissage doit être supérieur à 40 N/cm pour pouvoir envisager une mise en 

situation  prothétique  immédiate.  En  dessous  de  ce  chiffre,  l’implant  postextractionnel 

n’est pas utilisé à des fins prothétiques et ne devient fonctionnel qu’après obtention de 

l’ostéo‐intégration, 4 à 6 mois plus tard. 

Cette fixation primaire peut être améliorée par : 

‐ un forage apical au delà de l’apex de la dent extraite (de 2 à 5 mm) 

‐ un forage terminal sous dimensionné par rapport au volume de l’implant choisi. 

 

La  multiplicité  des  paramètres  permettant  de  faire  le  bon  choix  du  traitement 

implantaire du secteur antérieur constitue sa spécificité et sa difficulté. 

Le protocole adopté découle d’une analyse préopératoire rigoureuse. Il doit pouvoir être 

modifié à tout moment, lors de la phase chirurgicale du traitement. 

Cette  réactivité  préopératoire  permet  de  prendre  la  bonne  décision  thérapeutique. 

Chaque  fois  que  cela  est  possible  le  traitement  doit  s’orienter  vers  la  mise  en  place 

immédiate de  l’implant  avec prothèse provisoire pour  conserver  l’anatomie des  tissus 

mous nécessaires au résultat esthétique recherché. 

 

 

5.3. Circonstances cliniques favorables et défavorables à l’IIPE 
 

Face à une demande de  restauration  implantaire  immédiate,  le  clinicien évaluera avec 

son patient  les  circonstances  cliniques  favorables  à  l’IIPE mais  recherchera  également 

d’éventuelles  conditions  défavorables.  Le  but  de  cette  démarche    est  d’être  le  plus 

prédictible  possible  des  résultats  et  d’évaluer  les  risques  encourus.  La  décision  prise 

après  cette  réflexion  orientera  le  chirurgien  vers  la  procédure  opératoire  la  plus 

adaptée, dans les meilleurs délais et réduira le risque de complication lié au traitement. 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5.3.1. Circonstance clinique favorable 
 
Le risque esthétique principal est l’apparition d’une récession gingivale. 

Dans  les  zones  esthétiques,  l’IIPE  peut  être  envisagée  dans  les  édentements  unitaires 

avec un biotype gingival épais et une paroi osseuse vestibulaire épaisse et intacte. Dans 

ces circonstances,  la  stabilité primaire de  l’implant à  toutes  les  chances d’être assurée 

(19). 

En effet,  un  travail  important  sur  l’épaisseur de  la paroi d’os des  tables osseuses a  eu 

pour  résultat de définir  l’épaisseur minimale nécessaire  au maintien de  la  stabilité de 

l’implant.  Un  consensus  parmi  les  cliniciens  a  été  établi,  considérant  qu’un minimum 

d’épaisseur de 2mm de la paroi d’os vestibulaire est requis pour assurer une stabilité de 

l’implant (56)(67).  

Pour  un  résultat  esthétique,  les  patients  avec  un  ligne  labiale  horizontale  basse  sont 

moins à risque que les patients avec un sourire gingival découvrant  le collet des dents 

du  bloc  incisivo‐canin  supérieur.  Dans  la  première  condition,  le  tissu  gingival,  les 

proportions inégales des dents et l’aspect apical de la restauration sont masqués par la 

lèvre  supérieure.  D’éventuelles  imperfections  esthétiques  des  résultats  peuvent  ainsi 

passer inaperçus. 

De plus, une intervention sans lambeau dans l’IIPE ne peut être envisagée que lorsque 

toutes  les  conditions  favorables  à  l’IIPE  sont  réunies,  et  seuls  les  praticiens 

expérimentés peuvent l’envisager. 

Dans les zones postérieures, l’IIPE peut être envisagée dans les dents monoradiculées en 

l’absence de pathologie apicale et de préférence si les parois osseuses sont intactes. 

Le  clinicien  doit  également  avoir  toutes  les  chances  d’obtenir  la  stabilité  primaire  de 

l’implant pour envisager l’IIPE. 

Un apex intact, sans lésion périapicale participe au cahier des charges des cas favorables 

de l’IIPE. 

 

5.3.2. Conditions défavorables à l’IIPE 
 

Certaines circonstances cliniques sont défavorables à l’IIPE. Dans la zone antérieure, le 

risque esthétique est fortement augmenté dans les cas de : 

o Sourire gingival 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o Patients au biotype de gencive fin 

o Paroi osseuse vestibulaire fine (inférieure ou égale à 1mm) 

o Défaut osseux vestibulaire 

o Edentement non unitaire 

 

Dans tous les sites de restauration implantaire où l’on envisage l’IIPE, les circonstances 

cliniques suivantes sont défavorables : 

o Destruction du site alvéolaire pendant l’extraction 

o Perte osseuse inter‐proximale sévère sans papille inter dentaire 

o Fenestration  et/ou  déhiscence  osseuse,  toutefois  seules  les  déhiscences 

osseuses modérées peuvent être traitées par des techniques de régénération 

osseuse guidée. 

o Le manque d’adaptation de l’implant en rapport avec l’anatomie de l’alvéole. 

Un minimum de trois parois résiduelles est nécessaire au succès de l’IIPE. En 

deçà de ce nombre de parois, le taux d’échec augmente. 

o Crainte de l’instabilité primaire de l’implant requis au traitement (33). 

o Position  ectopique  de  la  dent  à  remplacer  lorsque  le  décalage  du  site 

d’extraction avec le site d’implantation est important. 

o Présence  d’un  foyer  infectieux  aigü  ou  chronique  péri‐apical.  Toutefois, 

Novaes  et  Coll.  (51)  concluent  après  les  expérimentations  animales  et 

cliniques  que  les  infections  chroniques  ne  sont  pas  une  contre‐indication 

formelle  de  l’IIPE  si  le  curetage  alvéolaire  est  réalisable  et  les 

recommandations pré et post‐opératoires respectées. 

o Les cas de dents pluriradiculées. 

 

5.4. Avantages et inconvénients de l’IIPE 
 

L’IIPE,  technique  en  constante  évolution,  présente  une  série  d’avantages  indéniables 

lorsqu’elle  est  utilisée  en  respectant  ses  indications, mais  aussi  des  inconvénients  qui 

doivent être mesurés à la prise en charge de chaque patient (58, 17). 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5.4.1. Avantages 
 
L’IIPE  nécessite  une  seule  procédure  opératoire  pour  le  patient  puisque  l’implant  est 

placé lors du même acte opératoire que l’extraction de la dent. Ceci est considéré comme 

un avantage pour le patient comme pour le clinicien. 

L’IIPE  est  la  plupart  du  temps  considérée  comme  la  restauration  la  plus  rapide  en 

prenant compte tous les temps de prise en charge du patient si on la compare aux autres 

restaurations prothétiques implantaires. 

L’implantation immédiate s’effectue dans l’os qui n’a pas encore subi de résorption donc 

dans  un  volume  osseux  optimal.  Les  pertes  osseuse  verticales  et  horizontales 

surviendront  dans  les  semaines  suivant  l’extraction  conduisant  à  une  réduction  du 

volume d’os  rendant  plus  difficile  l’implantation.  L’IIPE permettrait    donc de  disposer 

d’un  volume  osseux  suffisant  pour  mettre  en  place  un  implant  où  il  serait  difficile 

d’implanter après les délais classiques de cicatrisation. 

De plus, l’extraction dentaire entraine un apport vasculaire important lié au desmodonte 

et  à  l’ouverture  des  espaces  médullaires  au  niveau  du  site,  ce  qui  optimiserait  la 

cicatrisation. 

Le protocole  chirurgical  est moins  traumatisant  (pas de  forage de  la  corticale osseuse 

qui  est  l’acte  qui  génère  le  plus  de  dégagement  de  chaleur)  et  simplifié  car  après 

l’extraction,  il  ne  reste  plus  qu’à  calibrer  la  zone  apicale  en  disposant  d’une  aide 

précieuse sur la direction du forage. 

La morphologie de l’alvéole immédiatement après l’extraction est favorable à l’apport de 

greffe osseuse. 

5.4.2. Inconvénients 
 
La  morphologie  de  l’alvéole  peut  conduire  au  positionnement  de  l’implant  dans  un 

mauvais axe. 

La morphologie  de  l’alvéole  peut  aussi  conduire  à  une mauvaise  stabilité  primaire  de 

l’implant. 

Le manque de volume de tissus mous peut entrainer une tension gingivale excessive au 

niveau de la suture. 

Une greffe de tissu conjonctif peut être nécessaire. 

Le risque de récession gingival peut être accru dans les cas de biotypes à gencive fine. 

La complexité de la procédure demande un niveau technique élevé. 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6. Conclusion 
 

Cette revue assez complète de la littérature nous permet d’avoir à la fois des certitudes 

et des incertitudes. 

 

Aujourd’hui,  la  technique  de  pose  d’implant  doit  être  orientée  par  la  visualisation  en 

trois  dimensions  permettant  d’optimiser  la  stabilité  des  tissus  durs  et  mous 

environnants. L’axe de l’alvéole d’extraction ne doit pas influencer le praticien quant au 

choix de l’axe implantaire. 

 

La  résorption  des  parois  alvéolaires  paraît  inévitable,  plus  ou  moins  marquée  et 

influencée par des  facteurs  locaux ou généraux et  l’implantation  immédiate ne semble 

pas la prévenir. 

 

En  phase  post  extractive,  l’alvéole  subit  des  phénomènes  de  cicatrisation  en  cascade. 

Une résorption osseuse horizontale et verticale survient sur  la crête rapidement après 

extraction.  La  croissance  du  tissu  conjonctif  dans  le  site  d’extraction  est  inévitable 

conduisant  à  une  perte  osseuse.  L’usage  de  matériel  se  substituant  à  l’os  avec  pour 

objectif de préserver  la crête alvéolaire et de guider  la reconstruction osseuse est une 

méthode fiable est efficace. 

 

L’extraction  atraumatique  est  à  la  base  de  la  préservation  du  niveau  osseux  du  site  à 

restaurer. 

 

Si  l’implantation  immédiate  ainsi  que  la  mise  en  charge  esthétique  immédiate  ne 

prévient  pas  la  résorption  osseuse,  elle  offre  en  revanche  l’avantage  d’apporter 

immédiatement une solution esthétique et fonctionnelle en plus d’un raccourcissement 

de la durée du traitement. 

 

Les techniques chirurgicales de comblement sont multiples et présentent une efficacité 

partielle.  Les  données  de  la  littérature  n’apportent  pas  d’études  solides  comparatives 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randomisées des différentes techniques de comblement qui permettraient de définir de 

manière  cliniquement  significative  la méthode de  comblement  la  plus  efficace  dans  la 

prévention de la résorption osseuse. 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7. Annexe : Abréviations 
 

A :   Alvéole 

AB :   Alveolar Bone       =   Os Alvéolaire 

B :   Bone           =   Os 

BB :   Bundle Bone        =   Os Lamellaire 

BM :   Bone Marrow       =   Moelle Osseuse 

BMC :  Bone Mineral Contain     =   Contenu Minéral de l’Os 

BMD :  Bone Mineral Density     =   Densité Minérale Osseuse 

C :   Clot           =   Clou Hémostatique 

CB :   Cortical Bone       =   Os Cortical 

ERA :   Esthetic Risk Assessment     =   Evaluation du Risque Esthétique 

ID :   Implantation Différée 

IIPE :   Implantation Immédiate Post Extractionnelle 

J :   Jour 

L :   Lingual 

NB :   New Bone         =   Os Nouvellement Formé 

O :   Outer surface of the bone wall   =   face externe de la paroi de l’alvéole 

PM :   Provisional Matrice       =   Matrice Provisoire 

TBV :   Total Bone Volume       =   Volume Osseux Total 

VIH :   Virus de l’Immunodéficience Humaine 

WB :   Woven Bone        = Os Spongieux ou Os Primaire 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Résumé 
Cette revue assez complète de la littérature nous permet d’avoir à la fois des certitudes et des 
incertitudes. 
Aujourd’hui,  la  technique  de  pose  d’implant  doit  être  orientée  par  la  visualisation  en  trois 
dimensions permettant d’optimiser  la stabilité des tissus durs et mous environnants. L’axe de 
l’alvéole d’extraction ne doit pas influencer le praticien quant au choix de l’axe implantaire. 
La résorption des parois alvéolaires paraît inévitable, plus ou moins marquée et influencée par 
des facteurs locaux ou généraux et l’implantation immédiate ne semble pas la prévenir. 
En  phase  post  extractive,  l’alvéole  subit  des  phénomènes  de  cicatrisation  en  cascade.  Une 
résorption osseuse horizontale et verticale survient sur la crête rapidement après extraction. La 
croissance  du  tissu  conjonctif  dans  le  site  d’extraction  est  inévitable  conduisant  à  une  perte 
osseuse.  L’usage  de  matériel  se  substituant  à  l’os  avec  pour  objectif  de  préserver  la  crête 
alvéolaire et de guider la reconstruction osseuse est une méthode fiable est efficace. 
L’extraction atraumatique est à la base de la préservation du niveau osseux du site à restaurer. 
Si l’implantation immédiate ainsi que la mise en charge esthétique immédiate ne prévient pas la 
résorption osseuse,  elle  offre  en  revanche  l’avantage d’apporter  immédiatement une  solution 
esthétique et fonctionnelle en plus d’un raccourcissement de la durée du traitement. 
Les  techniques  chirurgicales  de  comblement  sont  multiples  et  présentent  une  efficacité 
partielle.  Les  données  de  la  littérature  n’apportent  pas  d’études  solides  comparatives 
randomisées  des  différentes  techniques  de  comblement  qui  permettraient  de  définir  de 
manière  cliniquement  significative  la  méthode  de  comblement  la  plus  efficace  dans  la 
prévention de la résorption osseuse. 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