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Modeling of the buccal and lingual bone
walls of fresh extraction sites following
implant installation
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Abstract

Obijective: To determine whether the reduction of the alveolar ridge that occurs following
tooth extraction and implant placement is influenced by the size of the hard tissue walls of
the socket.

Material and methods: Six beagle dogs were used. The third premolar and first molar in
both quadrants of the mandible were used. Mucoperiostal flaps were elevated and the
distal roots were removed. Implants were installed in the fresh extraction socket in one side
of the mandible. The flaps were replaced to allow a semi-submerged healing. The
procedure was repeated in the contra later side of the mandible after 2 months. The
animals were sacrificed 1 month after the final implant installation. The mandibles were
dissected, and each implant site was removed and processed for ground sectioning.
Results: Marked hard tissue alterations occurred during healing following tooth extraction
and implant installation in the 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 bone crest. The modeling in the marginal defect region was
accompanied by marked attenuation of the dimensions of both the delicate buccal and the
wider lingual bone wall. Bone loss at molar sites was more pronounced than at the
premolar locations.

Conclusion: Implant placement failed to preserve the hard tissue dimension of the ridge
following tooth extraction. The buccal as well as the lingual bone walls were resorbed. At
the buccal aspect, this resulted in some marginal loss of osseointegration.

Observations made on cadaver specimens based on measurements but on anecdotal

(Rogers & Applebaum 1941) indicated that information.

following tooth loss in the maxilla, the
height of the ridge was reduced and its crest
shifted palatally. Tylman & Tylman
(1960), in a textbook chapter, stated that
following the removal of teeth, the buccal
alveolar bone plate resorbed much faster
than the palatal plate. In the mandible, the
authors claimed, the amount of bone re-
sorption following tooth loss was rather
similar in the buccal and lingual walls of
the ridge. These claims, however, were not

Johnson (1963, 1969) monitored dimen-
sional changes that occurred in 19 subjects
(aged 14-45 years) scheduled for tooth
extraction and complete denture therapy.
Before and at various intervals after the
removal of the teeth, cast models of the
ridge were produced and scanned to dis-
Johnson
(1963) showed that following tooth extrac-
tion, (i) there was reduction of both the
height (2.5—7 mm) and width (307 mm) of

close dimensional alterations.
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Fig. 1. Clinical photograph illustrating the position of the implants placed in the distal extraction socket of the
mandibular third premolar (a) and first molar (b). Note that the width of the marginal gap is larger at the molar

than at the premolar site.

the alveolar process, (ii) most change oc-
curred in the first months, while (iii) minor
additional diminution of the ridge contin-
ued over periods ranging between 10 and
20 weeks.

Pietrokovski & Massler (1967) exam-
ined plaster casts of the mandible and
maxilla from 30 patients with complete
natural dentition and measured the width
of the various dentate segments. It was
observed that the buccal and the lingual/
palatal dimensions of the alveolar ridge of
the right and left side of the jaws were
almost identical. Subsequently, 149 dental
casts were identified that had one tooth
missing on one side of the jaw while the
contra lateral tooth was still present. Mea-
surement of amount of alveolar ridge re-
sorption that had occurred after tooth
extraction was obtained by a series of
measurements in the edentulous and the
opposite dentate regions. The authors con-
cluded: ‘the amount of resorption was
greater along the buccal surface than along
the lingual or palatal surface in every speci-
men examined, although the absolute
amounts and differences varied widely’.
Pietrokovski & Massler (1967), in addi-
tion, demonstrated that the amount of
tissue attenuation was greater in the eden-
tulous molar region than in the incisor and
premolar regions of both the maxilla and
the mandible. Schropp et al. (2003) studied
changes of the alveolar ridge that took place
following single-tooth extraction in 46 pa-

tients aged between 20 and 73 years. The
alterations were studied in radiographs and
on casts taken immediately after tooth
extraction and at 3, 6 and 12 months of
follow-up. The authors reported that fol-
lowing tooth extraction, the width of the
ridge was reduced approximately 50% and
that most change occurred during the first
3 months of healing. The change in the
molar region was greater than in the pre-
molar regions and more pronounced in the
mandible than in the maxilla.

In this context, it must be realized that
data describing ridge alterations in the stu-
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Fig. 2. Schematic drawing describing the different
landmarks from which histometric measurements
were performed. SLA, marginal level of the rough
implant surface; C, marginal level of the bone crest;
B/I, marginal level of bone-to-implant contact; 1, 2,
and 3 mm represent the levels at which the width of
the buccal and lingual walls was determined.

dies referred were obtained from measure-
ments that included both the hard and the
soft tissues of the ridge. No attempt was
made to separate the contribution of the

Fig. 3. Clinical photograph illustrating the implant sites after 12 weeks of healing. The peri-implant mucosa at
both the molar (a) and premolar (b) sites had normal texture and color and was free of signs of inflammation.
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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/l were apical to SLA.

For abbreviations, see Fig. 2.

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 x 1.6.

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
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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;
Aratjo 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” (30mg/
ml; Abbot Laboratories, Chicago, IL, USA).

The third premolars and first molars in
both quadrants of the mandible (;P, and
:M; ) 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” Standard Im-
plant, 4.1 mm wide and 6 or 8 mm long;
Straumann, Waldenburg, Switzerland)
were installed in the fresh extraction sock-
ets. The recipient sites were prepared for
implant installation according to the guide-
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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;
1, implant. Ladewig’s fibrin staining; original magnification x s.o.

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 x 1.6.

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” 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" (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
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® 7200
VLC-resin; Kulzer, Friedrichrsdorf, Ger-
many), polymerized and sectioned in the
buccal-lingual plane using a cutting-grind-
ing device (Exakt", 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 20 wm 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" microscope (Leica, Wetzlar,
Germany).

In the sections, linear measurements
(magnification x 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 3 mm 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 + 0.3 mm, while
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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 and marginal 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 x 5.o.

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.

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 x 10.

the corresponding dimension at the molar
site was 5.8 + 0.2 mm. Healing following
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tooth extraction and implant installation
was uneventful. The gingiva in the premo-

lar-molar regions as well as the peri-im-
plant mucosa 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
>3.2mm 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. sa) was located
about 1.4mm coronal to the SLA border
(Table 1) while the buccal crest (Fig. sb)
was consistently located at varying dis-
tance apical of this landmark (SLA-C:
—0.7 + 0.6 mm). 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 + o.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 bone multicellular 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 + 1.5 mm and
1.4 + 1.7mm at the lingual aspects
(Table 2). The outer surface of both the
buccal and lingual bone walls exhibited the
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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 x 1.6.

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 2 mm apical of SLA. Ladewig’s fibrin staining; original magnification x s.o.

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 2 mm apical of the
SLA border (SLA-C: — 2.1 + 0.5 mm, SLA-
B/I: —2 + o.5mm)] (Fig. 1ob). At the lin-
gual aspect (Fig. 10a), a shallow
(0.s + 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 + o.7mm apical of SLA while the mar-
ginal level of bone-to-implant contact was
found on the average 0.8 4+ 0.8 mm apical
of the SLA border of the implant (SLA-B/I)
(Fig. 12b). At the lingual aspect (Fig. 12a), a
shallow (0.6 + o.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 + o.2mm wide at the reference levels 1,
2, and 3 mm apical of SLA. The corre-
sponding dimensions for the lingual wall
were 1.4 + 0.8 mm at the level of SLA and
1.8 + 0.5, 2.1 + 0.5, and 2.3 + 0.5 mm
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 + 1.3 mm wide and increased in thick-
ness (1.9, 2.2, and 2.5 mm) 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
1 mm reference levels. At the 2 and 3 mm
levels, the buccal bone wall was 0.3 + 0.3
and 0.5 + 0.3 mm wide. The lingual bone
wall had a width that was similar to that
observed at the 4-week interval.

611 | Clin. Oral Impl. Res. 17, 2006 | 606-614
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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 x 1.6.

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 x 10.

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
09 +0.3, 1.3 +1, and 1.7 + 0.omm
thick. The lingual bone wall was
0.7 + o.7mm wide at the SLA level and
1.1 + 0.8, 1.4 + 0.6, and 1.7 + 0.4 mm
at the remaining levels.
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Discussion

The present investigation demonstrated
that marked hard
occurred during healing following tooth
extraction and implant installation in a
fresh extraction socket. The marginal

tissue alterations

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 8 mm) 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 (<o0.3 mm 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, 2003Db) 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 (>2 mm) 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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@ 1 month

W 3 months

buccal
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Fig. 13. Premolar site. Schematic drawing describing the dimensions of the buccal and lingual bone walls at
different reference levels (SLA, 1, 2, 3 mm apical of SLA) and intervals of healing. The blue bars represent 4
weeks and the purple bars represent 12 weeks of healing. The shaded areas illustrate the volume of bone at the

two intervals of healing studied.

:

mm

@ 1 month
H 3 months

buccal

lingual

Fig. 14. Molar site. Schematic drawing describing dimensions of the buccal and lingual bone walls at different
reference levels (SLA, 1, 2, 3 mm apical of SLA| and intervals of healing. The blue bars represent 4 weeks and
the purple bars represent 12 weeks of healing. The shaded areas illustrate the volume of bone at the two

intervals of healing studied.

implants placed in fresh extraction sockets
in the premolar regions of the mandible of
dogs. The authors reported that after 4
months, some bone fill had occurred in
the more apical part of the marginal defects
but also that this bone deposition was

accompanied by marked loss of bone in
the marginal segments of the socket.

The molar sites in the current study
initially had a wider marginal defect than
the premolar sites but a similar width of
the buccal bone wall (Fig. 1). During the

first 4 weeks of healing, the marginal gap
was filled with newly formed bone and a
provisional connective tissue that was re-
placed with woven bone in the later phase
of healing. The width of the buccal wall in
the molar sites was it hereby increased.
Also, this wide hard tissue wall was, how-
ever, exposed to marked modeling and
atenuation, although the ensuing diminu-
tion of its height had less effect on the level
of bone-to-implant contact than was the
case at the premolar sites (—o0.8 vs.
—2mm). In other words, the wider the
combined ‘defect and bone wall’ dimension
was in the present study, the less the
reduction of the bone-to-implant contact.

Reduction of the width of the socket walls
One important observation made in the
present study was the marked reduction
of the thickness of the buccal bone walls
that occurred between 4 and 12 weeks
(Table 2, Figs 13 and 14). It is obvious
from the data reported that this decrease
was more pronounced in the thicker buccal
bone wall at molars than in the thinner
wall at premolar sites. This finding is in
agreement with data reported from mea-
surements made on casts from edentulous
regions in humans (Johnson 1963; Pietro-
kovski & Massler 1967; Schropp et al.
2003). In the studies referred to the amount
of buccal resorption was much more pro-
nounced than the resorption of the lingual
aspect, and the resorption in the molar
region was more substantial than that
which occurred in the premolar region.

In the present analysis, it was noticed
that the width of the lingual wall, at
reference levels 1, 2, and 3 mm apical of
SLA of the premolar but not at the molar
sites, remained unchanged between 4 and
12 weeks. A further analysis of the histo-
logical sections revealed that new bone had
formed on the outer aspects of the lingual
wall of the premolar sites in this interval
(Fig. sa). Such incremental bone formation
is normally the result of environmental
influences such as load (Rubin et al.
1994). In the present experiment, the local
environment, e.g. the markedly reduced
dimension of the buccal bone wall may
have stimulated bone formation at the
lingual wall. It is, thus, suggested that the
new bone that formed at the lingual surface
compensated for bone loss that occurred at
the buccal surface. Similar findings were
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reported by Carmagnola et al. (1999) from
experiments in dogs.

Position of implant in relation to bone
walls

The shape (volume) of the alveolar process
is determined by the form (size) of the

BHE

HEO  EEEEORE SBREELA T
S MEARKICE Z D AE R ORI R
ERIETHEI DERRDI L
MEErFE . 6 Lo —2ARERAVE,
THEMESAMAE LB 1L EZABRICBNT
WEEEAEEEL, BOREHKELL,
FTHEAMTA 7T b FER i
AL, 79y 7% TICER L THERAKXTIA

References

Aratjo, M.G., Sukekava, F., Wennstrom, J.L. &
Lindhe, J. (2005) Ridge alterations following im-
plant placement in fresh extraction sockets: an
experimental study in the dog. Journal of Clinical
Periodontology 32: 645-652.

Bartley, M.H., Taylor, G.N. & Jee, W.S.S. (1970)
Teeth and Mandible In: Andersson, A., ed. The
Beagle as an Experimental Dog, 189-215. Ames,
1A, USA: The Iowa State University Press.

Botticelli, D., Berglundh, T., Buser, D. & Lindhe, J.
(2003a) Appositional bone formation in marginal
defects at implants. An experimental study in the
dog. Clinical Oral Implants Research 14: 1-9.

Botticelli, D., Berglundh, T., Buser, D. & Lindhe, J.
(2003b) The jumping distance revisited. An ex-
perimental study in the dog. Clinical Oral
Implants Research 14: 35-42.

Botticelli, D., Persson, L.G., Lindhe, J. & Ber-
glundh, T. (2006) Bone tissue formation adjacent
to implants placed in fresh extraction sockets. An
experimental study in dogs. Clinical Oral
Implants Research 17: 351-358.

Carmagnola, D., Aratjo, M., Berglundh, T., Albrekts-
son, T. & Lindhe, J. (1999) Bone tissue reaction
around implants placed in a compromised jaw.
Journal of Clinical Periodontology 26: 629-635.

Covani, U., Bortolaia, C., Barone, A. & Sbordone, L.
(2004) Bucco-lingual crestal bone jaw. Changes
after immediate and delayed implant placement.
Journal of Periodontology 75: 1605-1612.

614. | Clin. Oral Impl. Res. 17, 2006 | 606-614

teeth, their axis of eruption and incli-
nation in occlusion (Schroeder 1986).
This means that at dentate sites, the size
of the socket as well as its hard tissue
walls may vary considerably. This
fact must be considered when treatment
planning calls for the placement of im-

BEEL, THORMMTHRUFIEL 2 »
B#%ICBRVIR L, BEOA 7T Ml
A1y AcEWEBHE L, THEZY
BEL, KA 77 ML EBREL T, BF
B R & RAE LT,

R B ERERE~DA T T A
HOWBHIR i, BEEREMEOEDR
ol AVFT FEABICIFEL T
Wit A T v b &R TR RE D % o

Donath, K. (1988) Die Trenn-Diuinnschliff-Technik
zur Herstellung histologischer Priparaten von
nicht schneidbaren Geweben und Materialen.
Der Prdparator 34: 197—206.

Donath, K. (1993) Preparation of Histologic Sec-
tions (by Cutting-Grinding Technique for Hard
Tissue and other Material not Suitable to be
Sectioned by Routine Methods) — Equipment
and Methodical Performance. Norderstedt:
EXACT-Kulzer-Publication.

Donath, K. & Breuner, G.-A. (1982) A method for
the study of undecalcified bones and teeth with
attached soft tissues. The Sige-Schliff (sawing
and grinding) technique. Journal of Oral Pathol-
0ogy 11: 318-326.

Johnson, K. (1963) A study of the dimensional
changes occurring in the maxilla after tooth ex-
traction—Part I. Normal healing. Australian Den-
tal Journal 8: 428-433.

Johnson, K. (1969) A study of the dimensional
changes occurring in the maxilla following
tooth extraction. Australian Dental Journal 14:
241-244.

Karnovsky, M.]. (1965) A formaldehyde—glutaralde-
hyde fixative of high osmolarity for use in
electron microscopy. Journal of Cell Biology 27:
137-138.

Paolantonio, M., Dolci, M., Scarano, A., d’Archivio,
D., Placido, G., Tumini, V. & Piatelli, A. (2001)
Immediate implantation in fresh extraction

plants in fresh extraction sockets. Thus,
the findings of the present experiment
clearly showed that the thinner a bone
wall of such a site and the closer to this
wall the implant is placed, the higher the
risk of compromised healing and occur-
rence of bone dehiscence.

DR, BEAC ERTE ORI O RS,

MWELTWE, URRBHOET Y 7T
PRV, T IR R BE & SR R BE 0
FONBEEHEICED Uiz, BRI, AE
L VHAEWMOFBEETH >,

R AT T MACKS T, Bl
OFERBHRBEOTERRFET I FEITET,
ML EFEMOFEIRIR Lz, Z0kDHE
MTIEBE/BEIET Kb,

sockets. A controlled clinical and histological
study in man. Journal of Periodontology 72:
1560-1571.

Pietrokovski, . & Massler, M. (1967) Alveolar ridge
resorption following tooth extraction. Journal of
Prosthetic Dentistry 17: 21-27.

Rogers, W. & Applebaum, E. (1941) Changes in the
mandible following closure of the bite with parti-
cular reference to edentulous patients. Journal of
American Dental Association 28: 1573.

Rubin, C., Gross, T., Donahue, H., Guilak, F. &
McLeod, K. (1994) Physical and environ-
mental influences on bone formation. In:
Brighton, C.T., Friedlaender, G. & Lane, .M.,
eds. Bone Formation and Repair. 1st edition,
61-78. Rosemont: American Academy of Ortho-
paedic surgeons.

Schroeder, H.E. (1986) The Periodontium. Berlin:
Springer-Verlag, p. 418.

Schropp, L., Wenzel, A., Kostopoulos, L. & Karring,
T. (2003) Bone healing and soft
contour changes following single-tooth extrac-

tissue

tion: a clinical and radiographic 12-month
prospective study. The International Journal
of Periodontics and Restorative Dentistry 23:
313-323

Tylman, S.D. & Tylman, S.G. (1960) Theory and
Practice of Crown and Bridge Prosthodontics. 4th
edition, 69-71. St. Louis: The C.V. Mosby Com-
pany.



