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Alveolar ridge preservation after dental
extraction and before implant placement:

A literature review

Preservacdo do rebordo alveolar apés a extracdo dentdria e
antes da colocacdo de implante: revisdo da literatura

Abstract

Several techniques and materials have been suggested for alveolar ridge preservation (ARP)
after dental extraction and before implant placement. This literature review aimed to discuss
the histological and clinical aspects of alveolar healing and the ARP procedure after dental
extraction and to verify whether it allows dental implant placement (with or without further
augmentation). Despite the heterogeneity of the studies, some evidence suggests that ridge
preservation procedures are efficient in limiting the postextraction dimensional loss of the
ridge and are accompanied by a different degree of bone regeneration, with varied amounts
of residual graft material particles.
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Resumo

Vérias técnicas e materiais tém sido sugeridos para a preservacédo do rebordo alveolar (PRA)
apds a extragdo dentdria e antes da colocacdo do implante. Esta revisdo de literatura buscou
discutir os aspectos histolégicos e clinicos da cicatrizacdo do alvéolo e do procedimento PRA
apds a extracdo dentdria e verificar se ele permite a colocagdo de implante dentdrio (com
ou sem enxerto adicional). Apesar da heterogeneidade dos estudos, hd evidéncia que os
procedimentos de preservacdo do rebordo séo eficazes na limitacdo da perda dimensional
do rebordo pés-extracéo e sGo acompanhados por um grau diferente de regeneracéo éssea,
com variadas quantidades de particulas residuais dos “materiais de enxerto”.
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Alveolar ridge preservation

Introduction

Dental implants have been successfully used in the re-
habilitation of partially and completely edentulous patients (1).
However, the outcome of treatment with implants is no
longer measured exclusively in terms of implant survival,
but also by the long-term esthetic and functional success of
the prosthesis (2,3). The successful esthetic and functional
restoration of an implant depends on its optimal placement,
which is influenced by its height and buccolingual position
as well as by the alveolar ridge dimensions (4).

The loss of alveolar bone volume can occur before dental
extraction due to periodontal disease, periapical pathology
and trauma to the teeth and bone (5,6). Additionally, the
traumatic removal of teeth can cause bone loss and must
therefore be prevented (5,7). Finally, the alveolar bone
suffers atrophy after tooth extraction, which has been well
documented (5,8,9). Thus, an understanding of the healing
process of postextraction sites, including contour alterations
caused by bone resorption and remodelling, is essential for
obtaining functional and esthetically satisfactory prosthetic
reconstructions (5-7).

The resorption and remodeling of the alveolar ridge
after tooth removal is a natural healing phenomenon, which
is physiologically undesirable and possibly inevitable
and can negatively impact implant placement (10-12).
This is particularly important in the anterior region of
the maxilla, where a prominent root position is generally
accompanied by an extremely fine and fragile vestibular
wall that can be damaged during tooth extraction (6,12-14).
Thus, to meet the contemporary requirements of three-
dimensional, prosthetically-guided implant placement, the
remaining alveolar ridge must be restored in most of the
cases.

This literature review aimed to discuss the histological
and clinical aspects of alveolar healing and the ARP
procedure after tooth extraction and verify whether they
allow dental implant placement (with or without further
augmentation).

The importance of correct
three-dimensional implant placement

Implant placement must be based on a restoration-
oriented treatment plan to allow the optimal support and
stability of surrounding hard and soft tissues (2). Incorrect
three-dimensional positioning can result in an improper
implant/ restoration alignment, which, in turn, may cause
poor esthetic and biological results. A more buccally
implant placement can cause a significant risk of recession
of the marginal mucosa. On the other hand, a more palatal
placement can result in an inferior emergence profile or
even restoration overhang. An inappropriate mesial-distal
position can affect the size and form of the papilla and
cause an undesirable embrasure form or an inadequate
emergence profile. Finally, apical-coronal malposition can
cause biological complications if the implant is placed very

78 Rev Odonto Cienc 2011;26(1):77-83

deeply, or esthetic complications if the metal of the implant
shoulder is visible (3).

In addition to correct positioning, the esthetic outcome
of the inserted implant can also be influenced by the amount
of available bone in the implant site and its relation to soft
tissues. The contour of soft tissues depends on the underlying
bone anatomy because soft tissue dimensions are, at some
extent, constant (15).

Histological aspects of unassisted
alveolar healing

The alveolar process is a tooth-dependant tissue, and
its architecture is oriented by the eruption axis, shape and
eventual inclination of the teeth (6,18). The tooth, in turn,
is anchored to the maxilla through fibrous bone in which
the periodontal ligament fibers are inserted. This fibrous
bone obviously loses its function and disappears after tooth
removal, resulting in alveolar process atrophy (6,17).

Histological investigations in animals (17-19) and
humans (20-22) have described the post-extraction healing of
the alveoli. Amler et al. (20) and Amler (21) studies provided
a pioneering description of the unassisted histological healing
of alveoli in healthy humans. When a tooth is removed, a clot
forms and is gradually replaced by granulation tissue in the
base and periphery of the alveolus. New bone formation is
evident after the first week, with osteoid matrix present at the
alveolus base as noncalcified bone spicules. This osteoid starts
to mineralize from the alveolus base in a coronal direction
and fills two-thirds of the alveoli in approximately 38 days.
At this stage, the first sign of a progressive resorption of the
alveolar crest can be observed. This process is followed by
a continuous reepithelialization, which completely covers
the socket 6 weeks after extraction. The additional bone fill
occurs, reaching maximum radiographic density around the
hundredth day.

These initial histological results were recently corro-
borated by other studies using an animal model. It was
observed that the healing tissue cells of the dental alveoli
4 weeks after tooth extraction are osteoblastic by nature
and are committed to the formation of bone tissue (23).
Moreover, Cardaropoli et al. (19) and Penteado et al. (23)
have shown that bone formation occurs in a centripetal way;
that is, it initiates from the old bone at the lateral and apical
walls of the socket, due to the greater proximity to vessels
and cell sources in these areas, and proceeds towards the
wound center. Consequently, the synthesis of extracellular
matrix protein is more advanced in the apical region than
in the coronal region (23). Additionally, Cardaropoli
et al. (19), based on the examination of post-extraction
mesiodistal alveolar sections in dogs, found that (i) bone
tissue filled the postextraction alveolus after one month, (ii)
a cortical ridge including bone and lamellar tissue formed
after 3 months, and (iii) after 3 months, the bone tissue was
gradually replaced with lamellar and medullary bone. In
addition, during the healing process, a cortical bone bridge
was formed that “closed” the alveolus. In this last study,



however, the information provided was restricted to internal
alveolar alterations.

Aratijo & Lindhe (17) claimed that marked dimensional
alterations with notable osteoclastic activity occurred
during the first eight weeks after tooth extraction, resulting
in resorption of the crestal region of both the buccal and
lingual bone walls. Moreover, the resorption of the buccal
and lingual walls of the extraction site occurred in two
overlapping phases. In the first phase, the woven bone was
resorbed and replaced with bone tissue. Because the buccal
bone wall crest is exclusively composed of woven bone, this
remodelling resulted in substantial vertical reduction of the
buccal crest. The second phase showed that the resorption
occurs from the external area of both bone walls, resulting
in a horizontal resorption that can induce additional vertical
reduction of the buccal bone.

Anatomical consequences of
unassisted alveolus healing

Although the socket is filled with newly formed bone,
the resultant defect will be only partially restored even with
an uneventful healing (6). The loss of thickness is greater
than the loss of alveolar ridge height after dental extraction,
and both have been described as being more pronounced
in the buccal aspect than in the palatal aspect of the
jaws (4,6-8,11,17,24-29).

In both jaws, the widest sockets (molars) show a
significantly greater amount of resorption (8,30) and
require more time than the narrowest ones (incisors and
pre-molars) for the formation of the bone tissue bridge
over the defect (5). The degree to which the crest reabsorbs
after the extraction is determined by the bone level at the
extraction site, in despite of the bone level of the adjacent
teeth. The sockets of teeth with horizontal bone loss heal
more quickly because the reduced alveolar ridge level
means less bone fill is necessary. This resorption process
results in a narrower and shorter ridge, and the effect of
this resorption pattern is the shifting of the ridge to a more
palatal/ lingual position (6,8,17). The dislocated ridge makes
it more difficult to place the implant in an optimal restoration
position without a buccal dehiscence occurring in the
implant (4).

Chronology of the socket healing

The contours of the alveolar processes continuously
change after teeth extractions because bone resorption
and subsequent structural rearrangement occur (7). This
remodelling happens in two phases: the initial resorption is
part of the healing process and occurs more quickly in the
first 3 months (5,7,12,20,29). During this period, new bone
formation and almost the entire loss of alveolar crest height
happens simultaneously with a reduction of approximately
two-thirds of the ridge width (5,6,17,25). The process
continues over the three following months. Between six and
twelve months, part of this newly formed bone undergoes
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remodelling, and approximately 50% of the reduction of
the alveolar ridge width occurs (5). The second phase is
continuous and slower, occurring throughout the individual’s
life (6,7).

Disadvantages of the alveolar ridge
augmentation after bone resorption
and before implant placement

Van der Weijden et al. (6), in a systematic review of
the literature, found that, during the post-extraction healing
period, the weighted means of the changes showed that the
clinical loss of thickness (3.87 mm) was greater than the loss
in height when evaluated both clinically (1.67-2.03 mm)
and radiographically (1.53 mm). Because an 8-mm-thick
ridge is preferable for implant placement (4), the resorption
that happens after tooth extraction can lead to a ridge
approximately 4.1 mm thick, which is not adequate and will
show a dehiscence when a 4-mm diameter implant is placed
(11). Thus, an augmentation of the existing alveolar bone
is necessary for the placement of the implant in a favorable
prosthetic position (1,12,16).

Implants placed in a site where the bone has been
regenerated are acceptable and successful, and their success
rates are comparable to those of implants placed in native
bone (14,31,32). Buser et al. (33) have demonstrated in
preclinical studies that implants placed in regenerated bone
associated with membranes osseointegrated successfully, and
bone maturation continued after implant placement. Implant
placement in post-extraction sites can generally be controlled
with bone-graft procedures with high predictability, since at
least two intact bone walls remain. However, as the time
between extraction and implant placement increases, the
progressive resorption of the ridge can result in a loss of
bone volume in a degree that makes the simultaneous bone
augmentation less predictable (34).

Advantages of preventing resorption
versus delayed reconstruction of
the ridge

Because the ridge dimensions are so crucial, it is
advantageous to preserve the dimension of the post-
extraction ridge instead of reconstructing it thereafter, thus
maintaining its ideal vertical and horizontal dimensions and
decreasing patient morbidity (4,14). Therefore, methods that
ensure the preservation, augmentation or reconstruction of
the alveolar ridge height, thickness and quality, immediately
after dental extraction, either with bone regeneration
procedures or with the placement of endosseous implants,
seem to be essential for the maintenance of its vertical
and horizontal dimensions. In fact, this would reduce the
need for a later grafting, simplifying and optimizing the
success of the implant placement in terms of esthetics and
function (3,5,11,12,16,26,35).

There has been a great interest in studies regarding
alveolar ridge preservation in the esthetic anterior region (29).
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Some methods have been suggested to facilitate bone
formation in freshly extracted sockets, thus minimizing the
loss of bone height and buccolingual width. These include
guided bone regeneration, following the principles proposed
by Nyman et al. (36), with or without grafting material (11,
14,16,26); grafting with bone substitutes (4,12,13,32,35);
osteogenic materials, such as autogenous bone marrow (29)
and plasma rich in growth factors (PRGF) (37); and other
biomaterials (38-40). The grafting materials used as
bone fillers after tooth extraction are able of providing a
mechanical support and prevent the collapse of both the
buccal and lingual bone walls, thus delaying residual ridge
resorption and remaining in the place until enough healing
(new bone formation) occurs (39). In other words, the
ideal bone substitute materials must be osteoinductive and
osteoconductive, stimulating and serving as a scaffold for
bone growth.

The findings of a recent randomized clinical study of
alveolar ridge preservation in 27 patients (41) confirmed
that synthetic bone substitute (Straumann BoneCeramic®,
Straumann AG, Basel, Switzerland) or a bovine xenograft
(BioOss®, Geistlich Biomaterials, Wollhusen, Switzerland),
both in combination with a collagen barrier (Bio-Gide®,
Geistlich Biomaterials, Wollhusen, Switzerland), equally
preserved radiographic bone levels up to 8 months after
post-extraction grafting of the sockets. Furthermore, the
clinical study showed a reduction of less than 1.0 mm
in the interproximal radiographic bone levels at 4 and 8
months post-surgery in both groups. It is questionable,
however, whether radiographic alterations of less than 1.0
mm in the hard tissue of interproximal sites were clinically
relevant.

Nevertheless, the use of grafting materials in fresh,
post-extraction sockets has been questioned because they
can interfere with the normal healing process (14,32,
38,39), and residual particles of the grafting material
can be found surrounded by connective tissue or bone tissue
in the socket up to 6 to 9 months after its insertion (14,42).
This interference is related to the way that these grafting
materials are resorbed in the implant sites, which involves
a giant cell response to a foreign body and activation in
a later stage of the osteoclastic process (39). According
to Norton & Wilson (43), new bone formation inside the
grafted socket cannot be histologically demonstrated in
humans before at least 6 months of healing. The demonstration
of reduced probing pocket depth and the radiographic
image of the grafting materials have extrapolated the
histological findings of animals and can lead to the
conclusion, perhaps erroneous, that the grafting has been
osteoincorporated (43).

The immediate placement of implants in fresh post-
extraction sockets has also been suggested, however with
controversial results (5,27,30,44-46). This technique can
be negatively affected by the lack of soft tissue closure
and the presence of infection and defects between
the bone and implants (29). Recent clinical (27) and
preclinical studies (28,30) have demonstrated that implants
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placed in post-extraction sockets failed to prevent the
remodelling that occurs in the socket walls, especially in
the buccal aspect, which results in marginal loss of osseo-
integration.

Although the bone substitute material used is relevant,
other aspects, such as socket morphology, the interproximal
bone height and the presence and width of the buccal and
lingual cortical walls influence the dimensional alterations
of the bone after tooth extraction and the predictability
of guided bone regeneration procedures. Although post-
extraction sockets with intact bone walls are capable of
achieving bone regeneration by themselves (12,26), the bone
does not regenerate to a coronal level to that of the horizontal
bone crest level of the neighboring teeth; i.e., a complete
socket filling never occurs (5).

Fickl et al. (47) have demonstrated, in dogs, that
flap elevation results in a more pronounced loss of ridge
dimension than the non-elevation of a flap. This resorption
and loss of alveolar bone height supposedly occurs due to the
rupture of the periosteum and its connective tissue insertion
into the bone surface. The consequent reduction of blood
supply causes the lysis of the osteocytes and the necrosis
of the mineralized tissue of the surrounding bony walls.
This necrotic bone is thus gradually eliminated through the
superficial resorption orchestrated by the osteoclasts in the
periosteum (12,17).

In addition, the elevation of a flap during bone grafting
procedures may negatively affect the esthetics of the
ridge and papilla (4,35) by altering the mucogingival line
position in the coronal direction (35). This is particularly
relevant when using the socket preservation technique that
includes occlusive barrier membranes. Three significant
disadvantages are reportedly associated with this technique:
(i) elevation of buccal and lingual flaps, in combination
with tooth extraction, is necessary for membrane placement;
(i1) the technique and the barriers need an advancement of
the buccal flap for primary closure of the wound, in addition
to a second surgery to remove the nonabsorbable membrane;
and (iii) the exposure of nonabsorbable membranes to the
oral environment during healing results in an increased
risk of bacterial infection (9) and limited preservation of
the alveolar bone, with results that are similar to those of
unassisted socket healing (26). In light of this, Camargo et
al. (35) discourage the use of regenerative procedures with
flaps and membranes.

Whereas primary wound closure has been suggested as
being able of improving wound stability (32) and offering
better protection to the grafting materials (12), Penteado et
al. (23), on the other hand, claimed that connective tissue
ingrowth to the bone defect can disturb or completely prevent
osteogenesis in thst area. In other words, the direct contact
between the gingival connective tissue and the socket area,
as seen when the flaps are advanced, would favour the
resorption of the alveolar bone. When the gingival tissues
are kept away from the socket area during the initial healing
phases leaving and the socket opening is left exposed, less
resorption of the alveolar bone occurs (35).



Absence of prospective clinical studies
with the empty socket as control

Although the interest in studies about socket preservation
evaluating different techniques/ biomaterials has significantly
increased within the last years, there are still few evidences
based on controlled prospective clinical studies. The majority
of the publications on humans are case report, case series
or studies that do not include unassisted socket healing as
control. Furthermore, many variables, including the defect
type and size, the presence or absence of flap elevation, the
presence or absence of primary wound closure, the type of
graft used and the absence of reference points for reliable
measurements make direct comparison between studies
difficult (14).

In a recently published review, Darby et al. (3) showed
that socket preservation techniques are effective in limiting
horizontal and vertical ridge alterations in post-extraction
sites and are followed by different degrees of bone formation
and residual graft materials in the extraction socket. However,
uncontrolled retrospective and prospective studies, as well as
animal studies, were included in this review. Consequently,
this may have led to incorrect conclusions due to the
heterogeneity of the study designs, making the transposition
of these results to the clinical reality.

In a recent systematic review of the literature (48), the
results revealed that, despite the heterogeneity of techniques,
materials and methodologies of the fourteen analyzed
studies and the difficulty of making direct comparisons
between them, evidence shows that physiological, three-
dimensional resorption of the alveolar ridge can be limited
by several ridge preservation techniques. This reduction is
significant in both the horizontal/ oral-facial dimension and
the vertical/ apical-coronal dimension measured in the mid-
buccal aspect. However, none of the techniques or reported
materials were capable of completely maintaining alveolar
ridge dimensions. During the natural healing of the alveolus
after dental extraction, a statistically significant reduction of
the alveolar ridge in the horizontal/oral-vestibular dimension
occurs. Controlled clinical studies showed average vertical
bone resorption of 0.7 to 1.5 mm, as well as an average
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horizontal resorption of 4.0 to 4.5 mm (12). Moreover, in the
systematic review of Van der Weijden et al. (6), the weighed
means of the changes showed a clinical loss of horizontal
dimension to be greater than the vertical dimension loss.
However, due to the heterogeneity of the data in the original
articles, caution should be used when considering the meta-
analysis performed in the above-mentioned review.

The height, width and number of bone walls of the
resultant bone defect in the alveolus after the extraction, as
well as the height of the alveolar bone in the interproximal
aspects, are of great relevance (3,26). The literature suggests
that socket morphology has a critical impact on the outcomes
of preservation efforts; that is, the more intact the bones
walls are after the extraction, the more success can be
anticipated for ARP procedures. Moreover, flap advance
and closure by the primary method seem important to the
ARP outcome (48).

Final Considerations

In summary, the literature suggests that the alveolar ridge
preservation limits, but does not completely prevent the
three-dimensional physiological resorption of the alveolar
ridge after tooth extraction. This reduction is significant in
the horizontal/buccal-palatal dimension, as well as in the
vertical/apex-coronal dimension as measured in the mid-
buccal aspect. Clear evidences were not found to confirm
the superiority of material over the other.

After tooth extraction, a significant reduction of the
alveolar ridge in the horizontal/buccal-palatal dimension
occurs if the socket does not receive some type of
treatment. The bone filling of the socket can be significantly
improved with preservation techniques. The maturation and
mineralization of the newly formed bone in the extraction
socket can be accelerated or improved by ridge preservation.
This aspect can be clinically decisive during the preparation
of a dental implant socket. A tissue with an immature aspect
can be found even months after the tooth extraction and the
filling of the socket with grafting material. This can lead to
a primary stability of the implant, measured by the insertion
torque, below the ideal parameters.
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