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Abstract
Objective: To study dimensional alterations of the alveolar ridge that occurred
following tooth extraction as well as processes of bone modelling and remodelling
associated with such change.

Material and Methods: Twelve mongrel dogs were included in the study. In both
quadrants of the mandible incisions were made in the crevice region of the 3rd and 4th
premolars. Minute buccal and lingual full thickness flaps were elevated. The four
premolars were hemi-sected. The distal roots were removed. The extraction sites were
covered with the mobilized gingival tissue. The extractions of the roots and the
sacrifice of the dogs were staggered in such a manner that all dogs contributed with
sockets representing 1, 2, 4 and 8 weeks of healing. The animals were sacrificed and
tissue blocks containing the extraction socket were dissected, decalcified in EDTA,
embedded in paraffin and cut in the buccal–lingual plane. The sections were stained in
haematoxyline–eosine and examined in the microscope.

Results: It was demonstrated that marked dimensional alterations occurred during the
first 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 pronounced at the buccal than at the lingual aspect of the extraction socket. The
height reduction was accompanied by a ‘‘horizontal’’ bone loss that was caused by
osteoclasts present in lacunae on the surface of both the buccal and the lingual bone
wall.

Conclusions: The resorption of the buccal/lingual walls of the extraction site
occurred in two overlapping phases. During phase 1, the bundle bone was resorbed
and replaced with woven bone. Since the crest of the buccal bone wall was comprised
solely of bundle this modelling resulted in substantial vertical reduction of the buccal
crest. Phase 2 included resorption that occurred from the outer surfaces of both bone
walls. The reason for this additional bone loss is presently not understood.
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The alveolar process is a tooth depen-
dent tissue that develops in conjunction
with the eruption of the teeth. Further,
the volume as well as the shape of the
alveolar process is determined by the
form of the teeth, their axis of eruption
and eventual inclination (Schroeder
1986). Subsequent to the removal of
all teeth in the adult individual, the
alveolar processes will undergo atrophy

(e.g. Atwood 1957, Hedegård 1962,
Tallgren 1972). The amount of hard
tissue reduction varied considerably
between subjects as reported by e.g.
Atwood (1962), Carlsson & Persson
(1967) and Tallgren (1972).

Clinical and/or radiographic studies
by e.g. Johnson (1963, 1969), Pietro-
kovski & Massler (1967), Lekovic et al.
(1997, 1998), Camargo et al. (2000),

Schropp et al. (2003) have demonstrated
that marked alterations of the height and
width of the alveolar ridge will occur
following single or multiple tooth
extractions. The healing process follow-
ing tooth removal apparently resulted in
more pronounced resorption on the
buccal than on the lingual/palatal
aspects of the ridge. Pietrokovski &
Massler (1967) studied the amount of
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tissue that was lost after unilateral tooth
extraction and used plaster casts models
for the dimensional assessments. The
authors concluded that the buccal bone
plates both in the maxilla and the
mandible were resorbed considerably
more than the corresponding palatal/
lingual bone walls and that the center of
the ridge, as a consequence, shifted
palatally/lingually.

Further, the process that resulted in
tissue reduction seemed to be more
pronounced during the initial phase of
wound healing than during later periods
following tooth removal. Johnson
(1969) reported that most of the dimen-
sional alterations – horizontal as well as
vertical – of the alveolar ridge took
place during the first 3 months of
healing. In a recent clinical study
Schropp et al. (2003) estimated bone
healing and soft-tissue contour changes
following single-tooth extraction. They
included 46 patients in their study and
made assessment 3, 6 and 12 months
following the removal of one premolar
or one molars. Schropp et al. (2003)
stated that ‘‘approximately two thirds of
this reduction ‘‘. . . the width of the
alveolar ridge . . .’’occurred within the
first 3 months after tooth extraction’’.

The process of healing that occurred
following tooth removal was monitored
in biopsies sampled from extraction
sites in man (e.g. Boyne 1966, Amler
1969, Evian et al. 1982) as well as
experimental animals (e.g. Huebsch &
Hansen 1969, Kuboki et al. 1988, Lin
et al. 1994). In a recent study in the dog,
Cardaropoli et al. (2003) studied bone
modelling and remodelling that occurr-
ed within the extraction socket follow-
ing the removal of the distal root of
mandibular premolars. From the exam-
ination of mesio–distal sections it was
observed that (i) woven bone filled the
extraction socket after one month, (ii)
a cortical ridge including woven and
lamellar bone had formed after 3
months, (iii) after the 3 month interval
woven bone was gradually replaced
with lamellar bone and marrow. In the
study referred to no information was
provided regarding bone tissue altera-
tion that occurred outside the extraction
socket.

The objective of the present experi-
ment in the dog was to study some
dimensional alterations of the alveolar
ridge that occurred following tooth
extraction as well as processes of bone
modelling and remodelling associated
with such change.

Material and Methods

The research protocol was approved by
the ethical committee of the University
of Maringa. Twelve mongrel dogs about
1-year-old and weighting about 10 kg
each were used in the study. During
surgical procedures, the animals were
anaesthetized with intravenously admi-
nistered Pentothal Natriums (30mg/ml;
Abbot Laboratories, Chicago, IL, USA).
Throughout the experiment the animals
were fed a soft-pellet diet.

In both quadrants of the mandible
incisions were made in the crevice
region of the 3rd and 4th mandibular
premolars. Minute buccal and lingual
full thickness flaps were elevated to
disclose the marginal alveolar bone. The
four premolars were hemi-sected. The
pulp of each mesial root was extirpated
and the canal filled with guttapercha.
The distal roots were carefully removed
using elevators and forceps. The extrac-
tion sites were covered with the mobi-
lized gingival tissue and stabilized with
interrupted sutures (Fig. 1). The dogs
were placed on a plaque control regi-
men that included tooth cleaning three
times per week.

The extractions of the roots were
staggered in a randomized way and in
such manner that at sacrifice all dogs
contributed with extraction sites repre-
senting 1, 2, 4 and 8 weeks of healing.
The animals were sacrificed with an over-
dose of Pentothal Natriums and per-
fused, through the carotid arteries, with
a fixative containing a mixture of 5%
glutaraldehyde and 4% formaldehyde
(Karnovsky 1965). The mandibles were
removed and tissue blocks contain-
ing the extraction socket of the distal
root of each premolar were dissected
and placed in the fixative. Each block
was decalcified in EDTA, dehydrated in
increasing concentrations of ethanol, em-
bedded in paraffin and cut in the buccal–
lingual plane. The sections were stained

in haematoxyline–eosine. Sections rep-
resenting the central portion (in mesial–
distal direction) of each extraction socket
were selected and examined in the mi-
croscope.

Histological examination

The tissue within the extraction socket
was examined using a Leitzs DM-RBE
Microscope (Leica, Wetzlar, Germany)
equipped with an image system (Q-500
MCs; Leica).

Histometric measurements

The height of the cortical bone walls
was determined in the following way
(Fig. 2): a line parallel to the long axis
of the root was drawn in the center of
the socket (C–C) to separate the buccal
and lingual compartments. Subse-
quently, horizontal lines (L and B)
perpendicular to C–C were drawn to
connect the most coronal portions of the
buccal and lingual bone crest to C–C.
The vertical distance between the buc-
cal and lingual intersections with C–C
was measured and expressed in mm.

The width of the buccal and lingual
bone walls was determined at three dif-
ferent levels; A, B and C (Fig. 2) and
expressed in mm. The levels were located
at 1, 3, and 5mm, respectively, apical of
the buccal and lingual bone crest.

Mean values and standard deviations
were calculated for each variable, site
and group.

Results

All extraction sockets healed unevent-
fully. Overt signs of soft-tissue inflam-
mation (swelling and redness) were seen
in sites representing 1 week of healing,

Fig. 1. Clinical view of the experimental
sites immediately after root extraction and
placement of sutures.
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Fig. 2. Schematic drawing representing the
location where the histometric measure-
ments were performed. For detailed infor-
mation, see text.
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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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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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and minute full thickness flaps were
elevated at both the buccal and lingual
aspects of the alveolar process. It is well
known that such surgical trauma that
includes the separation of the perios-
teum and the rupture of its connective
tissue attachment at the bone surface
will induce an acute inflammatory
response which in turn will mediate
resorption of the surface layer of the
alveolar bone in the exposed area (e.g.
Wilderman 1963, Staffileno et al. 1966,
Wood et al. 1972, Bragger et al. 1988).
In specimens representing 1 and 2
weeks of healing in the present experi-
ment, osteoclasts were indeed present in
the exposed area of the alveolar ridge,
which exhibited signs of surface resorp-
tion. There are reasons to suggest that
this hard-tissue resorption may in part
explain the dimensional alterations
that occurred during the first weeks of
healing following tooth removal.

In the current experiment, the altera-
tion of the level of the buccal bone crest
over time was determined using the
lingual crest as reference. Since during
the course of healing there was also
marked resorption of the lingual bone,
the change reported for the buccal
bone crest is most likely underesti-
mated. The relative reduction of the
height of the buccal bone wall between
the 1- and 8-week intervals was
2.2 � 0.2mm, i.e. about 45 mm/day.
This rate of bone resorption is similar
to that reported from experiments eval-
uating modelling and remodelling
events at fracture sites in the long bones
of dogs. Thus, Schenk & Hunziker
(1994) stated that ‘‘In adult canine
bone, the osteoclastic resorption rate is
about 50–60 mm/day. . . .’’. In this con-
text it should be realized that in the 8-
week specimens of the current experi-
ment, a large number of osteoclasts
could be identified both on the buccal
and on the lingual bone walls. In other
words, the process of modelling was at
the end of this study not completed.
This is in agreement with findings from
similar experiments presented by Car-
daropoli et al. (2003). They studied
dynamics of bone tissue formation in
tooth extraction sites in the dog and
reported that between 2 and 6 months of
healing substantial portions of woven
bone within the extraction socket were
replaced with lamellar bone and marrow.

The tooth is anchored to the jaws via
the bundle bone into which the perio-
dontal ligament fibers invest. Following
the removal of a tooth, the bundle bone

at the site obviously will lose its
function and disappear. In the 1-week
specimens of the current sample, it was
observed that the crestal region of the
buccal hard tissue wall was made up
exclusively of bundle bone while the
corresponding region of the lingual
bone was comprised of a combination
of bundle bone and lamellar bone.
Bundle bone, inside the socket as well
as in the crestal regions could be found
in the experimental sites at 1 and 2
weeks but was not present in specimens
representing 4–8 weeks of healing. This
is in agreement with Cardaropoli et al.
(2003) who demonstrated that already 2
weeks following the removal of a
mandibular premolar, most of the bun-
dle bone at the mesial and distal aspects
of the extraction socket had been re-
placed with woven bone. Hence, the
early resorption of the bundle bone may
in part explain the marked reduction of
the height of the buccal wall that
occurred between week 1 and week 4
of healing.

Between 4 weeks and 8 weeks of
healing there was not only pronounced
alteration of the tissue within the
extraction socket but also substantial
additional alteration of the dimensions
of the alveolar process of the extraction
site. Thus in this interval (i) a cortical
ridge was formed that sealed the
entrance of the extraction site and (ii)
woven bone was to a large extent
replaced by lamellar bone and marrow.
During this second month of healing
there was a further reduction of (i) the
height of the buccal bone wall as well as
(ii) the width of both the buccal and
lingual walls.

From the data presented in this study
it may be concluded that the resorption
of the buccal/lingual walls of the
extraction site occurred in two over-
lapping phases. During phase 1, the
bundle bone that lost its function
following the removal of the tooth,
was resorbed and replaced with woven
bone. Since the crest of the buccal bone
wall was comprised solely of bundle
this modelling resulted in substantial
vertical reduction of the buccal crest.
Phase 2 included resorption that
occurred from the outer surfaces of both
bone walls. The reason for this addi-
tional bone loss is presently not under-
stood. It is suggested, however, that
following elevation of the mucoperios-
teal flap in conjunction with tooth
extraction, the blood vessels to the bone
walls were severed. The reduced blood

supply (for a review see Schenk &
Hunziger 1994) may have caused death
of the osteocytes and as a consequence
necrosis of the surrounding mineralized
tissue of the bone walls. During phase 2
of healing this necrotic bone may
therefore gradually have been elimi-
nated through surface resorption orche-
strated by osteoclats in the periosteum.
Since the buccal bone plate was con-
siderably thinner than the lingual plate,
this ‘‘horizontal resorption’’ may also
cause ‘‘vertical reduction’’ of the buc-
cal wall. Given that, however, marked
dimensional alteration of the extraction
also occurs following tooth removal
without flap elevation, other factors
must be involved in bone resorption
that takes place in phase 2 of modelling.
Such factors may include (i) adaptation
to continued lack of function at the
extraction site, (ii) tissue adjustment to
meet ‘‘genetically’’ determined demands
regarding ridge geometry in the absence
of teeth.
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