
The outcome of implant therapy is no longer mea-
sured by implant survival alone, but by long-term

esthetic and functional success. Today, implant place-
ment should be based on a restoration-oriented
treatment plan with correct three-dimensional (3D)
positioning of the implant to allow optimal support
and stability of surrounding hard and soft tissues.1

Soft tissue contour depends on the underlying
bone anatomy, since peri-implant soft tissues have
rather constant dimensions.2 This relationship
between hard and soft tissues is important for
esthetic outcomes in implant patients. Particularly
important are the height and thickness of the facial
bone wall and the height of the alveolar bone at

interproximal aspects. Incorrect 3D positioning of an
implant may result in an inappropriate restoration-
implant alignment, which can cause difficulty for the
restorative treatment. If the implant is placed too far
facially, there is a significant risk of recession of the
mucosal margin. If it is placed too far palatally, this
may result in a poor emergence profile or even ridge-
lapping of the restoration. An inappropriate
mesiodistal position can affect the papilla size and
shape and may cause poor embrasure form or emer-
gence profile. A coronoapical malposition can cause
biological complications if the implant is placed too
deep or esthetic complications if the metal of the
implant shoulder is visible.

Besides a correct 3D position of the inserted
implant, the esthetic outcome can also be affected by
the amount of bone available at the implant site. It is
well documented that the alveolar ridge undergoes
resorptive changes following tooth extraction. These
changes lead to a decrease in the dimensions of the
ridge.3,4 Implant placement in postextraction sites
can usually be managed with bone augmentation
procedures with high predictability, provided that at
least two intact bone walls remain.5,6 However, as the
time from extraction to implant placement increases,
progressive ridge resorption may result in a loss of
bone volume to a degree that simultaneous bone
augmentation becomes less predictable.7 Careful
preoperative assessment of the site will reveal the
anatomy of the alveolar crest and identify any hori-
zontal or vertical deficiencies. Most critical are vertical
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bone deficiencies, as it is difficult to regain vertical
height of the ridge.8,9

A series of studies in a dog model have been fun-
damental for our understanding of healing events in
postextraction sites and following immediate implant
placement. Cardaropoli et al10 confirmed the
sequence of healing events reported by Amler et al.11

A more recent study by Botticelli et al12 found sub-
stantial bone resorption from the outside of the ridge
following implant placement in an extraction socket.
Implants were shown by Araujo et al4 not to prevent
modeling of the extraction socket, and Araujo and
Lindhe13 suggested that the greater facial bone loss
compared to the lingual wall was due to the relatively
greater proportion of bundle or “tooth-derived” bone
facially. Recently, implants placed in extraction sock-
ets were demonstrated not to preserve the dimen-
sion of the ridge, especially on the facial aspect, and
this resulted in some marginal loss of osseointegra-
tion.14 Most recently, Fickl et al15 showed that eleva-
tion of a mucoperiosteal flap resulted in a more
pronounced loss of ridge dimension compared to no
flap elevation.

Based on this understanding of healing events in
postextraction sites, the prevention of ridge resorp-
tion following tooth extraction seems important, par-
ticularly if implant placement needs to be delayed for
6 months or longer. Implant placement may be
delayed due to loss of bone, especially in the follow-
ing situations: socket walls and sites with limited
bone height (eg, postperiodontal disease and large
apical defects), socket morphology preventing
implant placement in an ideal restorative position, in
young patients where active growth is occurring or
still has to occur, where the patient cannot afford
implant therapy, or where placement is contraindi-
cated by medical health issues. If the dimensions of
the ridge could be maintained, this would reduce the
need for further augmentation/surgical procedures
and simplify implant surgery at a later time.

The aim of this review was to evaluate the litera-
ture on ridge preservation and determine what tech-
niques are available and whether they allow
successful implant placement.

MATERIALS AND METHODS

Search Strategy
In MEDLINE and PubMed, searches were performed
for papers in the English language using the follow-
ing terms: dentistry, implants, dental implants, extrac-
tion, socket, socket preservation, ridge preservation,
implants-ridge preservation, ridge-socket, ridge alter-
ation-extraction, and ridge preservation-extraction.

The bibliographies of reviews from 1999 to March
2008 were assessed for appropriate studies.16–19 In
addition, the following journals’ websites were
searched: Journal of Periodontology, Clinical Oral
Implants Research, International Journal of Oral & Max-
illofacial Implants, and Journal of Clinical Periodontol-
ogy. Authors’ names as identified previously were
also used. Reference lists of studies identified were
searched for further citations.

Selection of Studies
Randomized clinical trials, controlled clinical trials,
and prospective/retrospective studies with a mini-
mum of five patients were included. Where a series of
papers reported the same study, the paper with the
clinical measurements or details about the implant
placement was used.

Evaluation of Treatment Outcome
The following data were obtained from each study:
number of patients and treated sites, position of
sites, augmentation methods for test and control
sites, observation period, soft tissue closure, and
complications.

Treatment outcome was evaluated as:

• Change in ridge dimensions (in mm or %)
• Successful implant placement
• Implant survival (%)

RESULTS

A total of 135 abstracts were identified, from which
53 full-text articles were further examined, leading to
37 human studies that fulfilled the search criteria and
were used in this review. These publications are listed
and briefly described in Table 1. In addition, 10 animal
studies were incorporated, as these had direct rele-
vance to the topic.

Definitions
Several terms have been used in the literature, includ-
ing ridge preservation, site preservation, and socket
preservation. As the objective of treatment is to limit
vertical and horizontal ridge alterations in postextrac-
tion sites, the term ridge preservation was considered
to be a more precise description and hence was used
in this review.

Healing of Extraction Sockets
Healing of an extraction socket is characterized by
internal changes that lead to formation of bone
within the socket and by external changes that lead
to loss of alveolar ridge width and height.3
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When a tooth is removed, there is hemorrhage,
followed by formation of a blood clot that fills the
entire socket.11 The concomitant inflammatory reac-
tion stimulates recruitment of cells to form granula-
tion tissue. Within 48 to 72 hours, the clot starts to
break down as granulation tissue begins to infiltrate
the clot, especially at the base and periphery of the
socket. By 4 days, the epithelium proliferates along
the socket periphery, and immature connective tis-
sue is apparent. After 7 days, the granulation tissue
has completely infiltrated and replaced the clot. At
this stage, osteoid is evident at the base of the
socket as uncalcified bone spicules. Over the next 2
to 3 weeks (3 to 4 weeks after extraction), this begins
to mineralize from the base of the socket coronally.
This is accompanied by continued re-epithelializa-
tion, which completely covers the socket by 6 weeks
post-extraction. Further infill of bone takes place
with maximum radiographic density at around 100
days.

A number of factors may affect the healing of sock-
ets. The size of the socket is important, with wider
sockets requiring more time to bridge the defect than
narrower sockets. The sockets of teeth with horizontal
bone loss heal more quickly, as the reduced level of
the alveolar ridge means less infill is required. Bone
does not regenerate to a level coronal to the horizon-
tal level of the bone crest or to the level of the neigh-
boring teeth; ie, 100% socket fill does not occur.3

A recent study by Araujo and Lindhe13 showed
that in the first 8 weeks following extraction in a dog
model there is marked osteoclastic activity, resulting
in the resorption of the facial and lingual bone walls
in the crestal region. They noted that the reduction of
height was more pronounced at the facial wall. Loss
of ridge height was accompanied by a horizontal loss
on both facial and lingual walls.

When the healing events are disturbed, pain may
result with impaired bone infill. The sequelae may
range from hemorrhage, dry socket, and suppurative
or necrotizing osteitis to fibrous healing with a lack of
bone formation, depending on the stage of healing
at the time of interruption. Significant inflammation
may result not only in loss of bone infill, but also in
sequestration. The end point of disturbed healing
may prevent implant placement.20

Bone dehiscences or fenestrations that are present
at the time of extraction, particularly in the facial or
lingual walls, are most likely to be filled by fibrous
reparative tissue, which may occupy considerable
space in the socket itself. This leads to reduced bone
volume and difficulty in ideal implant placement.
Dehiscences and fenestrations may result from peri-
apical pathology; tooth position in the alveolus; crack-
ing or fracture of endodontically treated teeth;

removal of the facial bone during extraction; or
removal of teeth with curved roots or multiple roots,
ankylosis, or root fractures.19

Materials Used for Ridge 
Preservation Techniques
The materials used for ridge preservation are those
that have been used for guided bone regeneration
(GBR) or guided tissue regeneration (GTR), and reflect
what is available commercially.

Demineralized freeze-dried bone allograft
(DFDBA)21–31 and deproteinized bovine bone mineral
(DBBM)26,29,32–40 have been used extensively. Other
graft materials include autologous bone,22,23,41 bioac-
tive glass,25,42–44 hydroxyapatite,34,45,46 calcium sul-
phate (CMC/CaS),47 solvent-preserved cancellous
allograft,48 and biocoral.40,49

Membranes placed were most commonly
expanded polytetrafluoroethylene (e-PFTE) mem-
branes21,23,26,28,40,44,48,50 or collagen mem-
branes.24,31–33,35,37 In addition, a polylactic/polyglycolic
membrane was assessed by Lekovic et al51 and Simon
et al.31 Further membranes investigated were those
manufactured from titanium41,52 or acellular dermal
matrix graft (ADMG).34,45

Sponges made of polylactic/polyglycolic acid
(PL/PG)53,54 or collagen39,40,55–57 have been placed in
extraction sockets to preserve the ridge. The collagen
sponges acted as a carrier for either recombinant
human bone morphogenetic protein 2 (rhBMP-2)56,57

or synthetic cell-binding peptide P-15.55

Augmentation Methods Used for 
Ridge Preservation
From these studies, nine different methods of ridge
preservation were identified.The most commonly used
method was a graft that was placed in the extraction
socket, covered by a membrane followed by flap
advancement to achieve complete or partial primary
closure.21,23,24,26,28,30–34,37,40,41,44 The second most com-
monly employed technique was covering a graft by
coronal advancement or rotation of the flap, but with-
out a membrane.22,25,29,35,36,38,42,46,47,49 Third, mem-
branes alone were placed over the extraction socket
and the soft tissue was used to fully or partially cover
it.26,33,40,50–52 Other methods investigated include
placement of the graft alone,43 covering the grafted
socket with a membrane alone,45 ridge preservation
solely by coverage with a membrane,45 placing a graft
and covering with a collagen wound dressing,39,48

placing a sponge in the socket without any cover-
age,53-55,57 or placing a sponge with soft tissue cover-
age.40,56 Flap elevation was required for all techniques
involving a membrane, but not for all procedures with
a graft or sponge.
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Outcomes of Ridge Preservation
Ridge Preservation Versus Healing by Clot Alone. In
a study examining the healing of premolar and molar
extraction sockets and measuring dimensions on
study casts, Schropp et al3 reported that the width of
the alveolar ridge was reduced by 50%, from a mean
of 12 mm to 6.1 mm at 12 months. Two-thirds of the
loss occurred in the first 3 months. The loss of height
was less substantial, but almost all of the dimensional
change took place in the first 3 months. The authors
suggested that the bone level at the extraction site
rather than the bone level of the adjacent teeth dic-
tated the level to which the bone crest healed after
extraction.

Of the studies selected, six included a comparison
with an ungrafted socket allowed to heal normally. In
all but one study, ridge preservation resulted in statis-
tically significantly greater ridge width and height.
Using a bioactive alloplastic graft, Yilmaz et al42

reported the mean width of the test sites to be 5.7 
(± 1.2) mm compared to 3.9 (± 0.8) mm at the control
sites. The dimensions for the ridge height were 8.0 
(± 1.6) mm for the test and 7 (± 0.5) mm for the con-
trol sites. Three of the studies used similar methodol-
ogy, allowing direct comparison, shown in Table 2 and
reproduced from the well-performed study by Iasella
et al.24 All showed significantly better maintenance of
ridge width using ridge preservation compared to
allowing healing by the clot alone. Iasella et al24 also
reported significantly less change in soft tissue thick-
ness in the test versus the control sites. Camargo et
al43 used the same measurements as the Lekovic
studies,50,51 filling the test sockets with bioactive glass
and then calcium sulphate. The authors reported that
the unfilled sockets showed slightly better results.
Serino et al53 investigated the effect of filling the
extraction socket with a PL/PG sponge and reported
that after 6 months the mean distance between the
ridge and reference points was +0.2 (± 1.5) mm for
the test sites and –0.7 (± 1.2) mm for the controls.

Comparison of Different Grafting Materials. Only
three cited publications that reported on the com-
parison of grafting materials presented clinical mea-
surements. A study by Vance et al32 compared

CMC/CaS mixed with DFDBA against DBBM and a col-
lagen membrane, and found no significant differ-
ences between the groups. Using ADMG with or
without HA, Luczyszyn et al45 reported that ADMG
alone better maintained ridge width, and use of HA
allowed an increased width of keratinized tissue.
Neiva et al55 investigated the placement of a collagen
wound dressing with and without Putty/P15, and
showed that the addition of the putty resulted in sig-
nificantly less loss of height.

In summary, there is strong evidence that ridge
preservation significantly maintains more ridge width
and height, with most grafting materials being effec-
tive and only slight differences between them.

Is Primary Wound Closure Necessary? The ques-
tion of whether ridge-preserved extraction sites
require complete soft tissue coverage was not directly
addressed. Techniques used ranged from simply plac-
ing the graft in the extraction socket55,57 to raising and
replacing a flap in the original position with45 or with-
out a membrane exposed to the oral cavity.32,43,53,54

Partial closure without use of a membrane was
reported by Yilmaz et al42 and Babbush.30 Iasella et al24

and Carmagnola et al33 achieved partial closure but
covered the exposed socket/graft with a collagen
membrane, whereas Froum et al34 left e-PTFE or ADMG
exposed, advising the patients to use chlorhexidine for
a prolonged period of time. One study reported the
use of a soft tissue graft to completely close the
socket.29 However, the majority of studies reported pri-
mary closure. This was either by a coronally advanced
flap covering the graft/socket alone22,25,35,47,56 or cov-
ering a membrane21,26,27,31,41,50–52 or by a pediculated
split-thickness palatal flap covering the graft.38,46

Given the diversity of soft tissue closure and con-
comitant procedures, an assessment of whether pri-
mary wound closure is necessary for successful
outcome is difficult. It would appear that ridge
preservation can be successful irrespective of closure
technique.

Effect of Tooth Type, Position, and Reason for
Extraction. No information was presented showing
the effect of tooth type or position in the oral cavity
on ridge preservation. The majority of the studies

The International Journal of Oral & Maxillofacial Implants 267

Group 4

Table 2   Effectiveness of Ridge Preservation Compared to Normal Healing from Studies Using a Comparable
Methodology

Vertical change Horizontal change 
(mm, mean ± SD) (mm, mean ± SD)

Study Method Duration (mo) Test Control Test Control

Lekovic et al (1997)50 e-PTFE membrane 6 –0.3 ± 0.3 –0.9 ± 0.3 –1.7 ± 0.6 –4.4 ± 0.5
Lekovic et al (1998)51 PL/PG membrane (Resolut) 6 –0.4 ± 0.2 –1.5 ± 0.2 –1.3 ± 0.2 –4.6 ± 0.2
Iasella et al (2003)24 FDBA and collagen membrane 4–6 1.3 ± 2.0 –0.9 ± 1.6 –1.2 ± 0.9 –2.6 ± 2.3

e-PTFE = expanded polytetrafluoroethylene; FDBA = freeze-dried bone allograft; PG = polyglycolide; PL = polylactide. 
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investigated anterior maxillary single-rooted teeth. In
this area, ridge preservation seemed to maintain
ridge dimension. Some publications reported on the
reason for tooth loss, which included periodontal dis-
ease, endodontic failure, restorative failure, caries,
fracture, and trauma. However, no comments were
made in any of the papers about the cause of tooth
removal and the effect this might have had on ridge
preservation. It appears that ridge preservation is suc-
cessful irrespective of the cause of tooth loss.

Use of Antibiotics. Twenty-six of the papers
reported the use of antibiotics, either during (4 stud-
ies) or after (22 studies) the procedure. Seven studies
reported  antibiotics not being used, and two studies
did not report antibiotic use. Antibiotics used
included doxycycline, amoxycillin, augmentin,
metronidazole, penicill in V, erythromycin, and
cephalosporin, with some used for 5 days, some for 7,
and others for 10 or 12 days. Given the wide variety of
antibiotics and dose regimes, few conclusions can be
drawn regarding the use of antibiotics.

Could Implants Be Placed? The ideal end point of
ridge preservation is the ability to place an implant
with an appropriate diameter and length in the desired
restorative position. In some studies, the end point was
not the ability to place an implant, but the amount and
type of bone formed or the difference in dimensional
changes between augmentation methods. However,
implants were reported to have been placed in many
of the papers.22,23,25,28,30–34,40,44,45,47,49,52–56 These stud-
ies did not report the size of the implants placed or
whether they were placed in an ideal 3D position. Inter-
estingly, Dies et al26 reported that only 8 out of 12 sub-
jects received implants, but did not state why they
could not be placed in the remaining 4 subjects. Sàn-
dor et al49 grafted anterior maxillary sockets immedi-
ately following trauma, but found that only 17.6% of
sites did not require further grafting at the time of
implant placement. Where studies used a control site
filled with a clot alone, very often implants were placed
in these sites as well.50,51,56 In addition, Fiorellini et al56

noted that 55% of sockets allowed to heal with blood
clot alone required subsequent simultaneous augmen-
tation, compared to fewer of the test sites. Most
recently, Molly et al40 reported that 27 of 36 ridge-pre-
served sites had implants placed. Implants could not be
placed in the remaining sites for esthetic and biome-
chanical reasons.

The evidence would suggest that implants can be
placed in both test and control sites, but sites that
healed naturally may require adjunctive augmenta-
tion procedures. Further studies are required to
assess whether an implant of the appropriate dimen-
sions can be placed in the correct restorative position
following ridge preservation.

Is Bone Formed in “Preser ved” Ridges? The
amount and type of bone formed has been the main
focus of ridge preservation studies. Healing of a socket
follows the outline described previously, and the
amount of bone formed depends on the time point
when the socket content is examined during the heal-
ing process.26,44 For example, Norton and Wilson,44

investigating the use of DBBM and an e-PTFE mem-
brane in extraction sockets, noted that sites with
fewer than 6 months of healing had no bone, whereas
sites with more than 6 months had some bone, but
this was minimal and confined to the socket periph-
ery. Techniques for assessing the amount or propor-
tion of newly formed bone in sockets varied, which
makes direct comparison problematic. However, in
most studies there was some new bone formed.

Overall, DFDBA seemed to be well-incorporated in
newly formed bone in the socket,27,28 and comprised
between 35% and 62% of the socket content.21,25,30,32

However, this did not result in significantly more
bone than in control sites with a clot alone21 or with
DBBM.29 Smukler et al21 reported that up to 21.5% of
the socket was made up of residual DFDBA graft par-
ticles. These studies varied in duration from 4 weeks
up to 23 months.

DBBM-treated sites showed between 18% and
64% bone fill and 20% to 30% residual DBBM parti-
cles at 6 to 9 months.32–34,37,38,40 However, these parti-
cles were well-incorporated.38

Using bioactive glass, Froum et al25 reported mean
new bone formation of 59.5%, compared to 34.7%
with DFDBA and 32.4% in control sites after 6 to 8
months of healing. A similar percentage was
observed by Vance et al32 using bone putty, a mixture
of carboxymethylcellulose (CMC), calcium sulphate
(CaS), and DFDBA. Serino et al54 noted 59.9% bone
infill using a PL/PG sponge as opposed to 48.8% in
sockets with clot alone. The use of hydroxyapatite
resulted in a range of bone, from 1%45 to 34.5%.34

Bioactive glass resulted in either very little bone44 or
substantial infill.25 Wang and Tsao48 showed a high
percentage of vital bone 5 to 6 months after place-
ment of a solvent-preserved cancellous allograft.
Molly et al,40 in a comparative study of three materi-
als, reported a greater mean percentage of vital bone
in the sponge group than the DBBM or biocoral
groups. However, control sites had the highest
amount of vital bone.

Comparative studies have shown mixed evidence
that one grafting material is better than another or
better than just the clot alone in terms of amount of
newly formed bone. Vance et al32 suggested that the
mixture of CMC, CaS, and DFDBA was better than
DBBM. Froum et al34 found that bioactive glass was
better than DFDBA or the clot alone. Both Smukler
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et al21 and Serino et al54 showed that the amount of
newly formed bone was the same in both test and
control sites. Carmagnola et al33 reported that the
quality of the bone was better with just the clot or a
collagen membrane than with DBBM and a collagen
membrane.

Many studies used a bone graft material in con-
junction with a membrane. It was reported that
DBBM or HA used with an ADMG membrane pro-
duced markedly better results than with an e-PTFE
membrane.34 Luczyszyn et al45 reported an ADMG
membrane to be much more effective on its own
than with an HA graft. Lastly, Pinho et al41 placed
autogenous bone and covered this with a titanium
membrane, but showed that the membrane alone
was just as effective after 6 months.

Membrane exposure was frequent and affected
the amount of bone infill.50 Not all studies mentioned
exposure rates, but Pinho et al41 reported a rate of
25%. Using a partial-coverage technique, Froum et
al34 had to remove 75% of e-PTFE and 12.5% of
ADMG membranes, which may account for the
poorer results in the e-PTFE groups. An exposure rate
of 31% was noted using a collagen membrane by
Norton et al,37 but this complication could be con-
trolled by intensive use of chlorhexidine, after which
the membranes re-epithelialized.

In summary, the use of grafting material allows
new bone formation in extraction sockets. However,
the different grafting materials and differing healing
periods make comparisons between studies difficult.
Membranes may increase the amount of newly
formed bone in the preserved ridges, but exposure
can be detrimental to the regenerative outcome. A
substantial number of the publications reported rem-
nants of graft particles, up to 75% in some sites.37 The
long-term effect of residual grafting material on
implant survival and success was not reported. The
material chosen may reflect operator preference, the
substitution rate, the length of time before the
implant is to be placed, and what is commercially
available. There is a need for standardized studies
comparing materials with each other and the clot
over fixed time periods.

Long-term Evidence for the Stability of Ridge
Preservation or Implants Placed. The majority of
papers selected for this review were short-term, with
observation periods of less than 6 months. There
were few studies that lasted for 12 months or more.
Within these short time frames, most techniques
seem to maintain ridge dimensions sufficiently for
implant placement. Nemcovsky and Serfaty46 and Yil-
maz et al42 reported that the width of the ridge
gained by ridge preservation was maintained under
pontics for up to 12 and 24 months, respectively.

Concerning implant survival, only four papers
reported such details. In sockets grafted with bioac-
tive glass, Norton and Wilson44 showed a cumulative
success rate of 90% at 1 year and 88.6% at 18 months.
In sites grafted with DBBM, Norton et al37 showed a
survival rate of 97% at baseline, the time from
implant placement to restoration, which was 13 to 33
weeks. In their cohort of children/young adults, Sàn-
dor et al49 found 93.7% of implants still to be in func-
tion after 3 to 7 years. Lastly, in a retrospective study,
Sclar39 reported a 94% survival rate for implants
placed in 248 ridge-preserved sites over 6 to 73
months using the Bio-Col technique.

There is a lack of long-term information on the
longevity of preserved ridges and the survival/suc-
cess of implants placed. There is almost no informa-
tion on which technique or material provides a more
stable long-term result. It would seem prudent not to
recommend a particular technique until this informa-
tion is available.

CONCLUSIONS

The publications reviewed for this paper presented
many different techniques, methodologies, durations,
and materials, making direct comparison difficult.
Irrespective of the heterogeneity of the studies, the
following conclusions were reached:

• Ridge preservation procedures are effective in lim-
iting horizontal and vertical ridge alterations in
postextraction sites.

• Ridge preservation procedures are accompanied
by varying degrees of bone formation and residual
graft materials in the extraction socket. This
depends on the materials and techniques used.

• There is no evidence to support the superiority of
one technique over another.

• The use of membranes requires soft tissue cover-
age to optimize treatment outcomes. Exposure of
membranes may lead to compromised results.
e-PTFE membranes that become exposed are
more problematic than collagen membranes.

• Primary closure is not always necessary.
• Long-term data on stability of ridge and implant

survival and success are limited.
• There are no data on esthetic outcomes.
• There is no conclusive evidence showing that

ridge preservation procedures improve the ability
to place implants.

The International Journal of Oral & Maxillofacial Implants 269

Group 4

260_4d-Darby.qxd  9/15/09  12:38 PM  Page 269



REFERENCES

1. Buser D, Martin W, Belser UC. Optimizing esthetics for implant
restorations in the anterior maxilla: Anatomic and surgical
considerations. Int J Oral Maxillofac Implants 2004;19(suppl):
43–61.

2. Kan JY, Rungcharassaeng K, Umezu K, Kois JC. Dimensions of
peri-implant mucosa: An evaluation of maxillary anterior sin-
gle implants in humans. J Periodontol 2003;74:557–562.

3. Schropp L,Wenzel A, Kostopoulos L, Karring T. Bone healing
changes and soft tissue contour changes following single-tooth
extraction: A clinical and radiographic 12-month prospective
study. Int J Periodontics Restorative Dent 2003;23:313–323.

4. Araujo MG, Sukekava F, Wennström JL, Lindhe J. Ridge alter-
ations following implant placement in fresh extraction sock-
ets: An experimental study in the dog. J Clin Periodontol
2005;32:645–652.

5. Nemcovsky CE, Artzi Z, Moses O. Rotated split palatal flap for
soft tissue primary coverage over extraction sites with imme-
diate implant placement. Description of the surgical proce-
dure and clinical results. J Periodontol 1999;70:926–934.

6. Nemcovsky CE, Artzi Z, Moses O, Gelernter I. Healing of dehis-
cence defects at delayed-immediate implant sites primarily
closed by a rotated palatal flap following extraction. Int J Oral
Maxillofac Implants 2000;15:550–558.

7. Zitzmann, NU, Schärer P, Marinello CP. Factors influencing the
success of GBR. Smoking, timing of implant placement,
implant location, bone quality and provisional restoration. J
Clin Periodontol 1999;26:673–682.

8. Simion M, Trisi P, Piatelli A. Vertical ridge augmentation using a
membrane technique associated with osseointegrated
implants. Int J Periodontics Restorative Dent 1994;14:496–511.

9. Simion M, Jovanovic SA, Tinti C, Benfenati SP. Long-term evalu-
ation of osseointegrated implants inserted at the time of or
after vertical ridge augmentation. A retrospective study on
123 implants with 1-5 years follow-up. Clin Oral Implants Res
2001;12:35–45.

10. Cardaropoli G, Araujo M, Lindhe J. Dynamics of bone tissue
formation in tooth extraction sites. An experimental study in
dogs. J Clin Periodontol 2003;30:809–818.

11. Amler MH, Johnson PL, Salman I. Histological and histochemi-
cal investigation of human alveolar socket healing in undis-
turbed extraction wounds. J Am Dent Assoc 1960;61:32–44.

12. Botticelli D, Berglundh T, Lindhe J. Hard-tissue alterations fol-
lowing immediate implant placement at extraction sites. J Clin
Periodontol 2004;31:820–828.

13. Araujo MG, Lindhe J. Dimensional ridge alterations following
tooth extraction. An experimental study in the dog. J Clin Peri-
odontol 2005;32:212–218.

14. Araujo MG, Wennström JL, Lindhe J. Modeling of the buccal
and lingual bone walls of fresh extraction sites following
implant installation. Clin Oral Implants Res 2006;17:600–614.

15. Fickl S, Zuhr O, Wachtel H, Bolz W, Huerzeler M.Tissue alter-
ations after tooth extraction with and without surgical
trauma: A volumetric study in the beagle dog. J Clin Periodon-
tol 2008;35:356–363.

16. Darby IB, Chen S, De Poi R. Ridge preservation: What is it and
when should it be considered? Aust Dent J 2008;53:11–21.

17. Douglass GL. Alveolar ridge preservation at tooth extraction. J
Calif Dent Assoc 2005;33:223–231.

18. Wang H-L, Kiyonobu, Neiva RF. Socket augmentation: Rationale
and technique. Implant Dent 2004;13:286–296.

19. Adriaens PA. Preservation of bony sites. In: Lang NP, Karring T,
Lindhe J (eds). Proceedings of the 3rd European Federation of
Periodontology: Implant Dentistry. Chicago: Quintessence,
1999:266–280.

20. Amler MH. Disturbed healing of extraction wounds. J Oral
Implantol 1999;25:179–184.

21. Smukler H, Landi L, Setayesh R. Histomorphometric evaluation
of extraction sockets and deficient alveolar ridges treated
with allograft and barrier membrane: A pilot study. Int J Oral
Maxillofac Implants 1999;14:407–416.

22. Becker W, Becker BE, Caffesse R. A comparison of demineral-
ized freeze-dried bone and autologous bone to induce bone
formation in human extraction sockets. J Periodontol
1994;65:1128–1133.

23. Becker W, Urist M, Becker B, et al. Clinical and histologic obser-
vations of sites implanted with intraoral autologous bone
grafts and allografts. 15 human case reports. J Periodontol
1996;67:1025–1033.

24. Iasella JM, Greenwell H, Miller RL, et al. Ridge preservation with
freeze-dried bone allograft and a collagen membrane compared
to extraction alone for implant site development: A clinical and
histologic study in humans. J Periodontol 2003;74:990–999.

25. Froum S, Cho SC, Rosenberg E, Rohrer M, Tarnow D. Histologi-
cal comparison of healing extraction sockets implanted with
bioactive glass or demineralised freeze-dried bone allograft: A
pilot study. J Periodontol 2002;73:94–102.

26. Dies F, Etienne D, Bou Abboud N, Ouhayoun JP. Bone regenera-
tion in extraction sites after immediate placement of an e-
PTFE membrane with or without a biomaterial. Clin Oral
Implants Res 1996;7:277–285.

27. Brugnami F, Then P, Moroi H, Kabani S, Leone C. GBR in human
extraction sockets and ridge defects prior to implant place-
ment: Clinical and histologic evidence of osteoblastic and
osteoclastic activities in DFDBA. Int J Periodontics Restorative
Dent 1999;19:259–267.

28. Brugnami F, Then P, Moroi H, Leone C. Histologic evaluation of
human extraction sockets treated with demineralised freeze-
dried bone allograft (DFDBA) and cell occlusive membrane. J
Periodontol 1996;67:821–825.

29. Tal H. Autogenous masticatory mucosal grafts in extraction
socket seal procedures: A comparison between sockets grafted
with demineralized freeze-dried bone and deproteinized
bovine bone mineral. Clin Oral Implants Res 1999;10:289–296.

30. Babbush C. Histologic evaluation of human biopsies after den-
tal augmentation with a demineralized bone matrix putty.
Implant Dent 2003;12:325–332.

31. Simon B, von Hagen S, Deasy MJ, Faldu M, Resnansky D.
Changes in alveolar bone height and width following ridge
augmentation using bone graft and membranes. J Periodon-
tol 2000;71:1774–1791.

32. Vance GS, Greenwell H, Miller RL, Hill M, Johnston H, Scheetz JP.
Comparison of an allograft in an experimental putty carrier
and a bovine-derived xenograft used in ridge preservation: A
clinical and histologic study in humans. Int J Oral Maxillofac
Implants 2004;19:491–497.

33. Carmagnola D, Adriaens P, Berglundh T. Healing of human
extraction sockets filled with Bio-Oss. Clin Oral Implants Res
2003;14:137–143.

34. Froum S, Cho S, Elian N, Rosenberg E, Rohrer M,Tarnow D.
Extraction sockets and implantation of hydroxyapatites with
membranes barriers: A histologic study. Implant Dent 2004;
13:153–164.

35. Vasilic N, Henderson R, Jorgenson T, Sutherland E, Carson R.
The use of bovine porous bone mineral in combination with
collagen membrane or autologous fibrinogen/fibronectin sys-
tem for ridge preservation following tooth extraction. J Okla
Dent Assoc 2003;93:33–38.

36. Nevins M, Camelo M, De Paoli S, et al. A study of the fate of the
buccal wall of extraction sockets of teeth with prominent
roots. Int J Periodontics Restorative Dent 2006;26:19–29.

270 Volume 24, Supplement, 2009

Darby et al

260_4d-Darby.qxd  9/15/09  12:38 PM  Page 270



37. Norton M, Odell E, Thompson I, Cook R. Efficacy of bovine
bone mineral for alveolar augmentation: A human histologic
study. Clin Oral Implants Res 2003;14:775–783.

38. Artzi Z, Tal H, Dayan D. Porous bovine bone mineral in healing
of human extraction sockets. Part 1: Histomorphometric eval-
uations at 9 months. J Periodontol 2000;71:1015–1023.

39. Sclar A. Ridge preservation for optimum esthetics and func-
tion.The Bio-Col technique. Postgrad Dent 1999;6:3–11.

40. Molly L, Vandromme H, Quirynen M, Schepers E, Adams JL, van
Steenberghe D. Bone formation following implantation of
bone biomaterials into extraction sites. J Periodontol 2008;79:
1108–1115.

41. Pinho MN, Roriz VL, Novaes AB Jr, et al.Titanium membranes in
prevention of alveolar collapse after tooth extraction. Implant
Dent 2006;15:53–61.
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