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Alveolar Ridge Conservation by Early Bone Formation After
Tooth Extraction in Rabbits. A Histomorphological Study
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SUMMARY: Alveolar ridge volume loss is an irreversible process. To prevent this physiological event, which typically resultin
significant local anatomical changes in both the horizontal and the vertical dimension, some strategies are indicatezkttheniogsi
of ridge volume that typically follows tooth extraction. The purpose of this study was to evaluate if three different b®cewddaf
promote new bone formation in the alveolar socket following tooth extraction for the alveolar ridge conservation. Firstamandibu
molars of male adults rabbits were extracted and the extraction sockets were randomly treated with three different bome grafts,
xenograft and two alloplastic grafts, and a group that received no treatment (blood clot). The extraction sockets cilsigisdieohr
each group were evaluated at 4, 6, or 8-week post-extraction. The results indicated that the extraction sockets trdapastiith al
graft (biphasic calcium phosphate) exhibited lamellar bone formation (6.5%) as early as four weeks after the extractionmes per
Moreover, the degree of new bone formation was significantly higher (P<0.05) in the extraction sockets treated with fgplrasic ca
phosphate at 8-week post-extraction than that in the other study groups. In this study, we demonstrated that the proposethnima
is useful to evaluate the bone formation after tooth extraction and the alveolar ridge conservation is feasible. Thearevatiomerid
alveolar ridge preservation with bone graft after extraction of molar teeth, could result in the maintenance of sufficiehirberte
place an implant in an ideal restorative position without the need for ancillary implant site development procedures.
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INTRODUCTION

Dental extraction is indicated when a tooth cannaboth replacement therapy, particularly when implant-
be restored or maintained in acceptable conditions for longHpported restorations are planned (Seibert & Salama, 1996).
term health, function, or esthetics. Tooth loss has a direttierefore, alveolar ridge preservation has become a key
impact on quality of life by impairing the ability to masticatecomponent of actual clinical dentistry.
speak, and, in some instances, socialize (Gerrigse,
2010). The natural healing process usually occurs with

reduction of the height and width of the alveolar bone. To

Additionally, the absence of a tooth in its alveoluprevent this, alveolar ridge preservation via socket grafting
triggers a cascade of biological events that typically resdinerged as a therapeutic alternative to root submergence.
in significant local anatomic changes (Van der Weijden Its use was rationalized on the notion that filling the space
al., 2009). Preclinical and clinical studies have demonstratesit by the extracted tooth with a biomaterial would emulate
that the alveolar ridge volume loss post extraction is an irr@root retention effect, conducive to bone preservation, which
versible process, that involves both horizontal and verticalould subsequently facilitate dental implant placement by
reduction (Schropgt al, 2003; Aradjo & Lindhe, 2009). reducing the need for ancillary grafting procedures (Artzi &
Alveolar ridge atrophy may have a considerable impact ®emcovsky, 1998).

Departamento de Odontologia Integral, Facultad de Odontologia Universidad de La Frontera, Temuco, Chile.
Programa de Doctorado en Ciencias Morfolégica, Facultad de Medicina, Universidad de La Frontera, Temuco, Chile.
Centro de Investigacién en Ciencias Biomédicas, Universidad Autbnoma de Chile, Temuco, Chile.

™ Universidad de Tarapaca, Arica, Chile.
This project has been funded by Universidad de La Frontera, DI13-0064.

369



CANTIN, M.; OLATE, S.; FUENTES, R. & VASQUEZ, B. Alveolar ridge conservation by early bone formation after tooth extraction in rabbits. A histomorphomological study.
Int. J. Morphol., 33(1)369-374, 2015.

Over the past two decades, multiple studies evaluatiddter this period, the animals were fed with commercial
the efficacy of different socket-filling approaches have beenbbit diet. Rabbits were sacrificed at 4, 6, or 8 wk post-
conducted. In these studies, a variety of biomaterials hastraction for the analysis of the extraction sites.
been employed, including autologous bone, bone substitutes
(allografts, xenografts, and alloplastic), autologous bloodHistological AssessmentBlock sections of the mandibles
derived products, and bioactive agents, among others (Dathgt contained the extraction wounds were removed and
et al, 2009). This body of knowledge contains a wealth afubsequently fixed in 10% formalin. After fixation, the
clinical, radiographic, and histologic outcomes. tissues were fixed further in 10% neutral buffered formalin,

decalcified in 5% formic acid, embedded in paraffin,

The aim of this study was to evaluate if three differerstectioned at five mm increments, and stained with
bone grafts could promote new bone formation in the alveolaematoxylin and eosin. All of the sections were evaluated
socket following tooth extraction for the alveolar ridgeusing a Olympus® CX31 microscope with a Moticam® 480

conservation. camera, for the presence or absence of grafts and bone
regeneration.
MATERIAL AND METHOD One section from each socket was selected for further

analysis based on the largest area of degree of bone
mineralization or the greatest amount of bone regeneration
Ethics statement The animal experiments performed in thisobserved. Graft tissues were examined histologically for
study were approved by the Institutional Ethic Committeevidence of osteoinduction using a qualitative scoring
at the Universidad de La Frontera, Protocol N°019/13. method, described by Boyaat al. (2006). In addition,
histomorphometry was used to assess the amount of new
Experimental design Three bone substitutes were used, dsone formation, the size of individual ossicles, the area of
follows: one xenograft consisting of deproteinized andach ossicle occupied by marrow, and the amount of resi-
lyophilized bovine bone - Bio-Oss, and two fully alloplasticual graft material.
one based on pure phase beta-tricalcium phosphate (TCP)
(>99%) (alloplastic graft 1) and other based on biphasithe qualitative scoring were categorized as follows:
calcium phosphate (60% HA / 40% beta-TCP) (alloplastic
graft 2). In one group (control), extraction socket was filled Sections exhibiting no evidence of the degree of bone
with a blood clot. mineralization or new bone growth were scored as 0.

Graft implantation . Pre and postoperatively, the animals Sections in which degree of bone mineralization was

were kept in individual cages in a temperature-controlleazbserved, but no new bone or cartilage was present, were

environment with water ad libitum and standardized feeaksigned a score of 1.

(only preoperatively and five days postoperatively). The

animals were anesthetized intramuscularly using 0.1 m} /Sections in which a single ossicle (marrow space

200 g of animal weight, using equal parts of ketamine amstdirrounded by new bone and degree of bone mineralization)

xylazine. A buccal mucoperiosteal flap was raised with was observed were assigned a score of 2.

periosteal elevator to expose the extraction socket of first

mandibular molar tooth. Bilateral extraction of the firsSections in which 2 or more ossicles were present were

mandibular molars of sixteen male rabbits was performessigned a score of 3.

(Mansoet al, 2011), divided at random into four groups

(n=4in each group). Immediately after removing the teethSections containing highly osteoinductive grafts, for which

in group 1 (control, no graft treatment), the extraction sockef®% of the slide at 10x magnification was covered with an

(left and right) were left empty, to be filled with blood clotossicle, were assigned a score of 4.

(Fig. 1A). In groups 2, 3 and 4, the extraction sockets (left

and right) were treated with xenograft (Fig. 1B), alloplastiStatistical analysis The results of the analysis of both the

graft 1 and alloplastic graft 2, respectively. The flap wasontinuous and categorical variables are presented as the

sutured with 4-0 polyglyconate in a simple, interruptechean and standard deviation (M&8D). Differences in the

pattern. measured properties between the study groups were

evaluated using a one-way analysis of variance with 95%

Oral alimentation was reinitiated 24 hours afteconfidence intervals. Differences with a P value less than

surgery with soft food, which was offered during five days).05 were considered statistically significant.
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Histomorphometric data of the present study show
no significant statistical differences in the heights of the
buccal and lingual plates when comparing the experimental
group with controls. In the control Group, at four-week post-
extraction, sockets were filled with granulation or connective
tissues, and displayed prominent inflammatory cell
infiltration consisting mainly of granulocytes, whereas no
new bone was visible in the socket. At six-week post-
extraction, a small amount of trabecular bone formation was
visible along the walls of the control group sockets. However,
the central region of the sockets remained filled with
connective tissues, and no significant inflammatory cell
Fig. L. A, show the tooth socket of the first mandlbular molar arifffiltration was observed. At eight week post-extraction, a
B, extraction socket filled with xenograft consisting ofsignificant amount of newly formed bone was present
deproteinized and lyophilized bovine bone. between the periphery and the central region of the control
alveolar sockets.

RESULTS
In the xenograft Group, the extraction sockets treated
at 4 and 6 weeks exhibited characteristics that were similar
The results of the histopathological assessment drethose of the control group. At 8 weeks, a small amount of
shown in Fig. 2. At four-week post-extraction, the sectiorisabecular bone formation occurred in the central region,
exhibited significantly more new bone formation in theind additional trabecular bone formation occurred in the
sockets treated with alloplastic graft two than in the othgeripheral regions of the control extraction sockets; fibrotic
study groups. After 6 wk of healing, at least 2 or more sitéissue surrounded by inflammatory cell infiltration was also
of new bone or ossicle formation were visible in the sockevésible.
treated with alloplastic graft 1 or alloplastic graft 2, whereas
significantly less bone formation was observed in the sockets  In the alloplastic graft 1 group, at four weeks
treated with the xenograft and in the control sockets. At fgllowing extraction, some residual alloplastic materials
6, and 8 weeks post-extraction, the sockets treated wigmained in the extraction sockets. In addition, inflammatory
alloplastic graft 2 received the highest qualitative scores foells were present, and no new bone formation was visible.
bone formation (P<0.05), followed by those treated with th&t 6-week post-extraction, no residual alloplastic material
alloplastic graft 1, the control extraction sockets, and@as identified in the sockets, and trabecular bone formation

xenograft, in the order of decreasing scores. was present in both of the peripheral regions and the central
* * Fig. 2. Histopathological findings of various
*'*_' L grafts used in socket healing. At 4 week post-
4= —r extraction, the sections exhibited significantly

greater amounts of new bone formation in the
sockets of the Group treated with alloplastic
graft 2 than those in the alloplastic graft 1,
xenograft, and control groups (blood clot).
Blood clot After 6 week, at least 2 or more sites of new
Xenograft bone or ossicle formation were visible in both
alloplastic graft groups. After 4, 6, and 8 week,
[ Auloplastic graft 1 the sockets treated with alloplastic graft 2
E Alloplastic graft 2 received the highest qualitative scores for bone
formation (P<0.05), followed by those treated
with the alloplastic graft 1, the control
extraction sockets, and those treated with the
xenograft, in the order of decreasing scores.

]

=
[

Histological grading score
for bone formation
N
[]

A .-
A .

AN

*= Indicate significant differences, P<0.05 between
4th week 6th week 8th week the groups labeled, with each.

**= Indicate significant differences, P<0.01, between
the groups labeled, with each.
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region of the beta-tricalcium phosphate-treated socketsor delay in bone remodeling at any of the time points
Osteons and Haversian canals were visible at a higlstudied. Blood clot was similar. An interesting advantage of
magnification. At eight weeks post-extraction, most of theynthetic (alloplastic) bone graft substitutes are manufactured
socket regions were occupied by newly formed and loo§®m mineral raw materials; their composition is precisely
trabecular bone. defined and availability is unlimited. There is no possibility
of transmission of disease pathogens or rejection reactions.
In the alloplastic graft 2 groups, at four weekdn general, patients do not have any ethical concerns when
following extraction, most of the graft was degradedsynthetic bone graft substitutes are used (Ruffieux, 2014).
Granulocyte infiltration was visible at the periphery of the
graft. In approximately 50% of the sockets, trabecular bones In all our tested groups, bone formation begins from
formed between the peripheral and central regions of thtee side walls into the interior area, confirming that when
sockets. Thus, the extraction sockets treated with biphasiie socket has an appropriate condition of blood supply, the
calcium phosphate sustained more extensive new baiype of material used in the filled can be less important than
formation than that of the other study groups. At eight weekise quality of surrounding tissue (de Olivedtaal, 2014).
post-extraction, the sockets were almost entirely filled with
trabecular bone and the degree of calcification was more Numerous tissue augmentation techniques (hard and
extensive than that observed at previous time points.  soft) have been proposed to recreate missing structures that
would facilitate implant placement (Lopetal, 2013), as
well as ridge preservation approaches to minimize bone loss
DISCUSSION after tooth extraction (McAllister and Haghighat, 2007).
However, the indication of specific approaches to achieve a
predictable and satisfactory outcome in a given scenario
The dental alveolus is ideal for bone formation aftaremains a significant challenge in clinical practice (Bassi
a tooth extraction since all the relevant factors are presentig 2013). This is suggestive of the role that individual
maintain immobilization and graft (Becket al, 1994). systemic and local characteristics may play on the rate,
Molars were the focus of this research since the size aextent, and timing of ridge resorption (Avila-Orgz al,
morphology of the sockets are quite different from those @014). In this sense, Mendoeaal, (2013) establish that
single-rooted teeth and, therefore, the healing processeslawae loss caused by tooth loss is more important in the area
not comparable. On the other hand, this surgical model @ the first and second molar when compared with the first
rabbits has offered advantages over the cost, space, stor@gyg second premolar.
and maintenance.
Histomorphometric data of the present study show
Xenografts, such as bovine bone material ando differences in the heights of the buccal and lingual plates
alloplastic substitutes (like pure phase beta-tricalciunvhen comparing the experimental group with control. This
phosphate and biphasic calcium phosphate), encourage skems to indicate that the filling used may promote bone
apposition of new bone by osteoconduction (Nodgbal, modeling of the alveolus and prevent the long-term
2003). Eventually, anorganic bone allograft andontraction of the marginal ridge, which is consistent with
hydroxyapatite become incorporated, whereas demineralizgither studies in which bone fillings were used alone or
bone allograft, calcium sulphate or tricalcium phosphate acembined with osseointegrated implants. A variety of factors
completely restituted during bone regeneration (De Costeray influence ridge resorption patterns—such as the number
et al, 2011). of neighboring teeth to be extracted, socket morphology (i.e.,
single- vs. multirooted teeth and socket integrity), periodontal
The biomaterial-based biphasic calcium phosphatgotype (i.e., bony buccal plate and soft tissue thickness),
showed a lower amount of residual grafting (p<0.05rafting material (Dugque Nettet al, 2013), smoking sta-
compared with biomaterials consisting of deproteinizetlis, systemic factors (e.g., uncontrolled diabetes, bone
bovine bone and pure phase beta-tricalcium phosphatetabolic disorders), and patient compliance (Avila-Ortiz
(Pereira & Oliva, 2014). Calixtet al. (2007) and Araujet et al).
al. (2009) reported that placing certain type of filling particles
or residual grafting produces a delay in bone repair. This We found that alveolar ridge preservation using bone
delay is attributed to a foreign body reaction aftegraft is effective in limiting physiologic ridge reduction as
implantation of the particles, which were surrounded bgompared with tooth extraction alone. On the other hand,
multinucleated cells and inflammatory tissue. In our studglthough it is generally acknowledged that flap elevation
there were neither pathological inflammatory phenomerfas a detrimental impact in bone remodeling because of the
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interruption of the periosteal vascular supply and an increasgeso suficiente para colocar un implante en una posicion ideal
in postsurgical local inflammation, recent preclinicapara la posterior restauracion, sin la necesidad de procedimien-
evidence indicates that flap elevation does not promof@s de quirdrgicos anexos.

alveolar bone loss (Araujo & Lindhe, 2009; Figkl al.,

2011). PALABRAS CLAVE: Alveolo dentario; Injerto 6seo;

Pérdida de hueso alveolar; Preservacion de rebordes alveolares.
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