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How Does the Timing of Implant 
Placement to Extraction Affect Outcome?

Marc Quirynen1/Nele Van Assche2/Daniele Botticelli3/Tord Berglundh4

Purpose: To systematically review the current literature on the clinical outcomes and incidence of com-
plications associated with immediate implants (implants placed into extraction sockets at the same
surgery that the tooth is removed) and early implants (implants placed following soft tissue healing).
Materials and Methods: A MEDLINE search was conducted for English papers on immediate/early
placement of implants based on a series of search terms. Prospective as well as retrospective studies
(randomized/nonrandomized clinical trials, cohort studies, case control studies, and case reports)
were considered, as long as the follow-up period was at least 1 year of loading and at least 8 patients
and/or at least 10 implants had been examined. Screening and data abstraction were performed
independently by 3 reviewers. The types of complications assessed were implant loss; marginal bone
loss; soft tissue complications, including peri-implantitis; and esthetics. Results: The initial search pro-
vided 351 abstracts, of which 146 were selected for full-text analysis. Finally, 17 prospective and 17
retrospective studies were identified, with observation times generally between 1 and 2 years for the
prospective studies and around 5 years for the retrospective studies. The heterogeneity of the studies
(including postextraction defect characteristics, surgical technique with or without membrane and/or
bone substitute, implant location in socket, inclusion and exclusion criteria, and prosthetic rehabilita-
tion), however, rendered a meta-analysis impossible. Most papers contained only data on implant loss
and did not provide useful information on failing implants or on hard and soft tissue changes. In gen-
eral, the implant loss remained below 5% for both immediate and early placed implants (range, 0% to
40% for immediate implants and 0% to 9% for early placed implants), with a tendency toward higher
losses when implants were also immediately loaded. Conclusion: Because of the lack of long-term
data, questions regarding whether peri-implant health, prosthesis stability, degree of bone loss, and
esthetic outcome of immediate or early placed implants are comparable with implants placed in
healed sites remain unanswered. INT J ORAL MAXILLOFAC IMPLANTS 2007;22(SUPPL): 203–223

Key words: dental implants, early placement, extraction, immediate placement, osseointegration, 
partial edentulism, periodontology

Osseointegration has provided treatment oppor-
tunities which have revolutionized the rehabili-

tation of body part losses such as edentulism. The
ability to rehabilitate predictably completely and

partially edentulous patients has been demon-
strated.1–4 Traditional guidelines suggested that 2 to
3 months of alveolar ridge remodeling following
tooth extraction and an additional 3 to 6 months of
load-free healing after implant insertion were
needed for osseointegration to take place.5–7 This
extended treatment period and the need for a
removable prosthesis during the healing phase may
be inconvenient to certain patients.

The placement of implants into fresh extraction
sockets was introduced in the late 1970s.8 This
approach has been reviewed extensively during the
last decade2,9–11 and seems promising. Several recent
papers have presented clear clinical guidelines for
patient selection and/or for an optimal outcome.9,12–16

Placement of an implant immediately after tooth
extraction seems to offer several advantages and
nearly no disadvantages  when compared to the tra-
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ditional approaches (Table 1). The social and eco-
nomic impact of a reduction in number of surgeries
and in treatment time is evident. Other aspects, such
as implant success, esthetic outcome, preservation of
alveolar process, impact of remaining infection, and
the use of membranes and/or bone substitutes, how-
ever, are still topics of debate.

The present review deals with the clinical out-
come of immediate and early implant placement in
humans and illustrates the heterogeneity between
studies. Guidelines for future reports are suggested.

Healing of Extraction Socket and Impact of
Early Implant Placement
Both animal experiments and clinical studies have
revealed that the alveolar ridge undergoes dimen-
sional alterations in both horizontal and vertical direc-
tions after tooth extraction. The extraction of multiple
teeth results in an overall diminution of the size of the
edentulous ridge.17–22 Even the extraction of a single
tooth leads to marked hard and soft tissue alterations.
Schropp and coworkers23 studied the alveolar ridge
alterations following single premolar and molar
extraction in 46 patients. While the vertical changes
were negligible, the horizontal resorption amounted
to about 30% at 3 months and 50% of the width of
the ridge at 12 months after tooth extraction. A
median buccolingual ridge reduction of 5.9 mm (25th
and 75th percentiles of 4.7 and 7.7 mm, respectively)
was found. These changes were slightly greater in
molar sites than in premolar sites and in the mandible
when compared with the maxilla. Similar observations
were made by Camargo and coworkers24 and Iasella

and coworkers.25 They followed the healing of non-
molar extraction sites for 4 to 6 months and recorded
a horizontal ridge width reduction of 3.1 mm (SD 2.4
mm) and 2.6 mm (SD 2.3 mm), respectively.

A recent histological analysis in dogs26,27 clearly
illustrated, as suggested some decades ago,28–30 that
bone resorption after tooth extraction was more pro-
nounced at the buccal than at the lingual aspect of
the socket walls. The immediate placement of
implants has been suggested as a way to minimize
this resorption. Recent clinical studies, however, have
indicated that these ridge alterations also occur
when implants are placed in fresh extraction sockets.
Botticelli and associates30 placed 21 implants in the
fresh extraction sockets of 18 patients. During a re-
entry procedure at 4 months healing they recorded,
with the implant as reference, a horizontal resorption
of about 50% at the buccal aspect and 30% at the
lingual side of the implant, corresponding to an over-
all horizontal width reduction of 2.8 mm, reducing
the jawbone width from 10.5 mm to 7.8 mm. Covani
and coworkers31 also observed that immediate
implant placement could not prevent resorption in
the buccolingual direction of the alveolar process.

These findings were further confirmed in experi-
mental studies in dogs.26,27,32 Botticelli and cowork-
ers32 recently observed that the aforementioned
bone resorption depended on the presence and
periodontal health of the neighboring teeth. At sites
where teeth with an intact periodontium are present
mesial and distal of the extraction socket, the height
of the proximal socket walls may be retained after
immediate implant placement, and the horizontal

Table 1 Global Comparison Between Immediate, Early, and Delayed Implant Insertion

Immediate Early Delayed

Time Short treatment time Short treatment time Long treatment time
Surgery Reduced number of surgical Extra surgical intervention Extra surgical intervention

procedures
Bone substitute to fill in voids where Bone substitute to fill in voids Reduced number of cases in need of 
applicable where applicable bone substitute
Use of membrane may be indicated Use of membrane may be Membrane less frequently needed

indicated
Antibiotics Recommended Often recommended Not always necessary
Implant position Do not allow socket to dictate Do not allow socket to dictate

implant position implant position
Bone Less resorption buccal bone plate? Less resorption buccal bone Obvious resorption buccal bone plate

Increased osteoblast activity up to plate? Increased osteoblast 
week 8 activity up to week 8

Special requirements Primary stability is to be achieved via Primary stability is to be achieved 
apical/lateral stabilization via apical/lateral stabilization
Ability to remove all residual infection

Outcome Implant survival data seem similar for the 3 groups; data on implant success are sparse for immediate and early
placement
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reduction of the crestal bone may be limited to the
buccal walls of the recipient site.

The results from these recent clinical and experi-
mental studies suggest that when clinicians operate
in the esthetic zone it may be reasonable to allow
soft and hard tissue healing before implant surgery
to be able to compensate for the resorption at the
buccal site, or as an alternative place hard or soft tis-
sue grafts with the implant. When an implant is
placed in a fresh extraction socket, it seems prudent
to place it in the lingual/palatal portion of the socket,
with its marginal border well below the ridge of the
fresh socket to compensate for the expected resorp-
tion. However, more long-term clinical data are
needed to further support these guidelines and to
evaluate the impact of such treatment strategies on
long-term implant success (including aspects such as
marginal bone and soft tissue stability and esthetics).

The Socket as a Guide for Implant Positioning
Several papers have indicated the advantage of using
the socket as guide for the surgeon during immedi-
ate implant placement. However, as the clinician
begins to prepare the osteotomy site, the cutting bur
will often “walk down” the axial wall of the socket,
coming to rest at the position previously occupied by
the apex of the extracted tooth. If this “walking
maneuver” is not prevented (eg, via special instru-
ments), the residual extraction socket morphology,
including the slope of the axial walls of the extraction
socket, root dilacerations, and the position of the pre-
vious root apex, may result in a prosthetically undesir-
able buccal implant angulation and/or location.

A unique challenge is often present when implant
placement in the maxillary first premolar fresh
extraction socket is contemplated. The residual inter-
radicular bone might encumber the clinician in
attempts to idealize the buccopalatal location of site
preparation and subsequent implant placement. If
site preparation is begun buccal to the interradicular
septum, the final implant position is often too far
buccal, resulting in an unesthetic final restoration. If
site preparation begins palatal to the residual inter-
radicular septum, the palatal implant positioning
necessitates fabrication of a ridge-lapped crown and
creates a potential plaque control problem.33

Pathology of the Remaining Bone
Often, a tooth is extracted because of infection of
either endodontic or periodontal origin. After
removal of the tooth, residual infection at the extrac-
tion site may endanger the osseointegration. In gen-
eral a series of papers illustrates that immediate
implants in an infected socket (endodontic pathol-
ogy) are not really at risk. One should take into

account that several authors base this statement on
a case report,34 a retrospective clinical trial,35 and 2
animal studies.36,37 In addition, the degree to which a
socket is debrided prior to implant placement needs
to be determined. On the other hand, both implant
loss as well as the occurrence of a periapical lesion
on implants have recently been clearly linked to a
history of endodontic or periapical pathology of the
extracted tooth.38,39 

Other papers reported slightly higher failure rates
for immediate implants placed in periodontitis
patients,40–42 even though animal studies could not
show a clear difference between implants placed in
sites with a history of periodontal inflammation and
healthy sites.37,43,44 It is therefore reasonable to state
that there is currently a lack of definitive evidence
regarding the effect of residual local pathology on
the success and survival of immediate implants.

Immediate Implant Placement in 
Growing Children 
Immediate implant placement might be considered
a useful treatment option for young adolescents who
have lost a maxillary incisor secondary to trauma.
Osseointegrated oral implants, like ankylosed teeth,
however, do not participate in changes within the
jawbones (displacement, remodeling, mesial drift).
Facial growth of the child, even in adolescence, as
well as the continuous eruption of the adjacent ante-
rior teeth, are significant risk factors, especially when
esthetics and function are considered (for review, see
Op Heij and colleagues45,46). For patients with a nor-
mal facial profile, the placement of an implant, espe-
cially in the esthetic zone, should at least be post-
poned until growth cessation. For patients with a
short- or long-face type/syndrome, further growth,
especially the continuous eruption of adjacent teeth,
could create a risk even after the age of 20 years, as
illustrated by some recent clinical studies.47,48

MATERIALS AND METHODS

Search Strategy
A thorough MEDLINE search of the English literature
was carried out by the Academy of Osseointegration
in 2005 using the term “implants.” All retrieved
abstracts/titles were analyzed by 2 independent
reviewers who selected all studies with potentially
useful data (eg, human studies, clinical data, 1-year
follow-up) for the 8 PICO questions (Patient, Interven-
tion, Comparison, Outcome) for the Academy of
Osseointegration’s State of the Science on Implant
Dentistry workshop in 2006. The search resulted in
more than 1,800 electronic abstracts/titles.
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These abstracts/titles were further explored elec-
tronically, for this systematic review, using the search
terms “immediate,” “immediately,” “direct,” “early,”
“simultaneous,” “fresh” (extraction sites), “extraction,”
“extracted,” “after loss of teeth.” An additional
PubMed search was conducted, and work published
until May 2005 was included. The search term “den-
tal/oral implants” was used in combination with
“cohort studies,” “case control studies,” “immediate
placement,” “delayed placement,” “early placement,”
or “extraction.” The inclusion criteria were the use of
human subjects and the presence of clinical data.
Finally, manual searches were performed based on
bibliographies of previous reviews and the refer-
ences in the selected papers, as well as in the follow-
ing journals: Clinical Implant Dentistry & Related
Research, Clinical Oral Implants Research, International
Journal of Oral & Maxillofacial Implants, International
Journal of Periodontics & Restorative Dentistry, Journal
of Clinical Periodontology, and Journal of Periodontol-
ogy. This first screening resulted in a collection of 351
potentially useful abstracts (Fig 1).

Study Inclusion Criteria. This review included
papers on studies of patients with single-tooth, par-
tial, or full edentulism treated with or without simul-
taneous guided bone regeneration. Only studies
using conventional root-form endosseous implants
were considered; mini implants were excluded.
Prospective and retrospective studies (randomized
and nonrandomized clinical trials, cohort studies,
case control studies, or case reports) were consid-
ered if follow-up (under loading) of at least 1 year
had been conducted for at least 80% of the implants.

If it was not evident from the paper that the study
was prospective, the paper was classified as retro-
spective. Case reports were only included if at least 8
patients or 10 implants were enrolled.

Outcome Variables
Even though the impact of the implant-based reha-
bilitation on the quality of a patient’s life should be
the primary outcome variable tested, this review
could only retrieve data on an implant/prosthesis
level (with the exception of 1 paper49). The following
variables have been included in the review process:

• Implant loss. For this parameter the criteria of each
paper have been respected. An evaluation of
implant immobility (as assessed on individual
implants) or absence of peri-implant radiolucency
(assessed on radiographs)—standard criteria of
proper osseointegration—was not always avail-
able. A distinction was made between implants
lost or removed before the prosthetic restoration
(regarded as early loss) and those lost or removed
afterward (called late failures), with the exception
of fractured implants.

• Crestal bone loss. The degree of marginal bone loss
during implant loading was also considered. The
phrase “no data” (ND) was used to indicate that a
study lacked radiographic examination (Tables 2
and 3). If data from radiographic examinations
were presented as mean values but no frequency
distributions were provided, the study was scored
as NR “not reported” for this parameter.

• Peri-implantitis. The frequency of implants exhibit-
ing symptoms of peri-implantitis according to the
definitions created by Albrektsson and Isidor81

was also recorded. Implants demonstrating prob-
ing depth of > 6 mm in combination with bleed-
ing on probing/suppuration and attachment
loss/bone loss of 2.5 mm in 5 years were consid-
ered to exhibit peri-implantitis.2 In addition to the
direct information on peri-implantitis, results
regarding probing and attachment level assess-
ments were also analyzed. Lack of probing data for
all implants was indicated with the letters ND
(Tables 2 and 3). If probing data were presented in
terms of mean values but no frequency distribu-
tions were provided, the data were classified as
NR.

• Soft tissue complications. Symptoms from the peri-
implant tissues, such as persisting pain, excessive
swelling, hyperplasia requiring surgical therapy,
fistula formation, or suppuration, were regarded
as complications and presented as such. Data on
the gingival margin (gingival recession) were also
examined (Tables 2 and 3).

Initial screening
“implant” titles/abstracts

n = 1,882

Electronic and manual
screening + bibliography

(abstracts) n = 351

Included abstracts 
n = 146

Full-text screening  
n = 146

Studies available for final
data abstraction 

n = 38 articles; 34 studies

Excluded abstracts
n = 205

Excluded studies
n = 108

Fig 1 Flow of papers during the review process.
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RESULTS

Paper Selection and Validity Assessment
The 351 initially retrieved abstracts were analyzed
more in detail, and 205 were excluded because they
were not relevant to this PICO question (Fig 1). Three
independent reviewers (MQ, NVA, and DB) per-
formed a full-text analysis of the 146 selected stud-
ies with possible relevance against the inclusion cri-
teria. The interexaminer agreement for study
in/exclusion was high (kappa score of > 0.86 with
95% agreement).

The data were stored in an Excel file (data abstrac-
tion form) to allow optimal comparison and to per-
form simple analysis (calculation of means and stan-
dard deviations). One hundred eight papers were
excluded following full-text analysis. The main reasons
for exclusion were lack of clinical data (n = 14), follow-
up period too short (n = 10), number of patients
and/or implants too small (n = 27), inability to break-
down the data for immediate versus delayed implant
placement (n = 12), data restricted to healing explored
via re-entry (n = 15), and information restricted to the
technique only (n =12). A list of papers excluded from
the review can be found in the Web edition of this
paper.The 38 remaining papers were included without
further quality assessment on aspects such as inclu-
sion of general outcome confounders (eg, smoking,
bone quality, or other confounders82), proper statistical
analysis, presentation of inclusion/exclusion criteria,
inclusion of objective outcome variables for implant
success, inclusion of “all” consecutive patients, unbi-
ased patient assignment, and blind data analysis. If
several papers were published on the same study pop-

ulation, their data were grouped. The 38 selected
papers, 21 prospective studies (17 clinical trials since
some reported on same study) and 17 retrospective
studies, are presented in Tables 2 and 3, respectively.
Approximately half the papers reported on immediate
or early placed implants only, whereas the others
included a comparison with implants placed in so-
called “healed sites.” Most studies had been published
after 2000 (20/34; Fig 2).

Figure 3 gives a simple classification on the qual-
ity appraisal of the included papers. In general this
quality estimation was based on the study design.
Less than a third of the studies reached an evaluation
of better, and none of the studies was considered
best quality. For more than two thirds of the studies
the quality appraisal was below average.

Heterogeneity in Reports
Table 4 summarizes a series of parameters that
showed extreme variations between different clinical
reports. Socket (bony defect) characteristics for the
immediately placed implants were an area of signifi-
cant concern. In some studies, the implant was so wide
or the defect diameter so small that there was only a
minimal or even no gap between the implant surface
and bony walls. In other trials the gap between the
implant and alveolar crest was so large both horizon-
tally and vertically that both a bone substitute and a
membrane were used in the hope of achieving guided
bone regeneration. The apicocoronal implant location
in the osteotomy site is often scarcely mentioned. In
several papers the implant shoulder is placed at the
level of the mesial and distal bony crest, but in other
papers the implants are placed much deeper. Some
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papers even advocated removing the entire alveolar
housing after tooth extraction (drastic alveoloplasty)
before implant placement in order to engage only the
basal bone.83–85

The applied inclusion/exclusion criteria also
showed great interstudy variation. In some of the
included studies all consecutive patients were
enrolled; others used strict defect characteristics and
even excluded patients with negative outcome con-
founders. Some papers restricted the indication to a
certain area (eg, only mandibles, only maxillary first
premolars), whereas others reported data for all oral
regions. Some papers systematically excluded smok-
ers, bruxers, or patients with poor oral hygiene or
sites with an endodontic pathology, whereas others
included them. The prosthetic rehabilitation also
ranged from solitary implant cases to full fixed
restorations. Finally, a series of implant surfaces and
diameters had been used. Several papers did not
include information on the aforementioned essential
parameters.

The heterogeneity among the studies made a
meta analysis impossible, or at least of questionable
value. It would be useful if future publications con-
tained clear information on the parameters pre-
sented in Table 4.

Clinical Outcomes
The number of patients included in the clinical trials
ranged from 14 to 143 for the prospective studies
(Table 2) and from 14 to 442 for the retrospective
studies ( Table 3). The corresponding number of
implants ranged from 20 to 264, and from 14 to
1,099, respectively. A variety of implant geometries
as well as surface characteristics were represented.

In general most papers only reported on implant
loss (defined as removal from the oral cavity). Objec-

tive peri-implant tissue parameters such as attach-
ment level changes, probing depth, suppuration,
bleeding upon probing, or marginal bone level
description were usually lacking. When clinical vari-
ables were scored, most often only mean values were
reported (Tables 2 and 3).

Implant Survival. In total, in the prospective stud-
ies, 1,126 immediately placed and 90 implants placed
according to an early or delayed protocol (“early
placed” or “delayed placed” implants; healing time
after extraction ranging from 3 to 12 weeks) in a
group of 898 patients were reported on in the 17
selected studies.

The immediately placed implants showed a loss
ranging from 0% to 40%, with an overall mean of 6.2%
(SD 10.0%). For submerged immediately placed
implants the loss was slightly lower (mean, 3.8%; SD
3.0%; range, 0.0% to 8.7%). For this subgroup, the loss
was 2.6% before prosthetic loading and 1.3% after-
ward. In 8 of 17 papers with submerged healing, the
implant loss was ≥ 5%. For immediately loaded imme-
diately placed implants, a slightly larger proportion of
losses 10.4%; range, 0.0% to 40%) was observed, espe-
cially for the minimally rough implants.

Seven studies compared immediately placed
implants with implants placed in healed sites. From
these studies no final conclusions can be drawn,
since 2 papers reported more losses for implants in
healed sites, while 2 others reported more losses for
the immediately placed ones.

Three papers reported on early placed implants,
with an overall mean loss rate of 3.6%, ranging from
0.0% to 6.4%.

The 17 selected retrospective studies (Table 3)
reported all together on 1,776 immediately placed
and 847 early or delayed placed implants (healing
time after extraction ranging from 6 to 12 weeks),
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with 2 papers72,75 being responsible for more than
1,600 implants.

The percentage of implant loss for immediately
placed implants ranged from 0.0% to 14.8%, with an
overall mean of 3.5% (SD 4.1%). However, 5 studies
reported loss rates of at least 5%. The highest
implant loss rates (7.3%) were again reported for
immediately loaded immediately placed implants
(eg, 14.8%74, 7.2%75). For submerged immediately
placed implants (mean loss, 2.4%; SD 3.2%), slightly
lower rates were reported.

Four studies compared immediately placed
implants with implants in healed sites. From these
studies no final conclusions can be drawn, since 2
papers reported more loss for the implants in healed

sites, while 2 reported more loss for the immediately
placed ones. Only 3 papers included data on
early/delayed placed implants, with an overall mean
loss rate of 6.9%.

When all the papers were pooled (Fig 4), and only
implant survival was considered (ie, loading time was
ignored), late implants appeared to score slightly
better than immediately placed implants, and both
seemed to score better than the early placed
implants. The heterogeneity between the studies,
however, made valid and accurate comparison of the
different insertion strategies impossible.

Crestal Bone Loss. Not a single study reported a fre-
quency distribution on ranges of marginal bone loss
for immediately placed implants. Thus, it was nearly
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Table 4 Parameters to be Included in Characterization of Conditions for Immediate/Early Implant 
Placement in Extraction Wounds

Parameter Subparameter Clarification Suggestions for classification

Patient characteristics History of periodontitis Bone destruction due to periodontitis Bony socket height measurement
reduces the size/width of remaining 
sockets, affects fit of implant 

Defect characteristics Tooth type Mandibular incisors or maxillary Data analyses per subgroup, 
lateral incisors have smaller socket small versus wide sockets
dimensions; maxillary second 
premolar has interradicular septum

Extraction A fenestration or dehiscence after Data on incidence of bony dehiscences
tooth removal changes the protocol

Socket size The wider and deeper the socket,  Separate analyses for fitting or 
the more difficult it is to obtain nonfitting implants
optimal fit of the implant and eventually 
the more difficult it becomes to reach a 
firm stabilization at the apex

Defect classification Distinction between absence of the A new classification (Fig 5)
buccal plate, a 3-wall defect, or a 
circumferential defect is useful

Bony walls The approach might be different for A new classification (Fig 5)
1-, 2-, or 3-wall defects

Gap size The dimension of the gap can show A new classification (Fig 5)
large variation and should be presented

Tooth history The incidence of bone pathology and
eventual therapy must be mentioned

Location implant Data about the relative position of the Description of whether the implant was 
implant to the socket should be in the middle of socket or toward the 
included palatal plate and whether the shoulder 

of implant was above, at, or below the 
alveolar crest

Treatment strategy Membrane Use of resorbable or nonresorabable 
membrane might influence the chance 
for early exposure and of complication

Bone substitute Use of bone substitutes may influence 
healing

Immediate loading Subperiosteal healing may have different 
healing versus immediate transmucosal 
connection

Prosthetic design Distinction between solitary and inter-
connected implants
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Last reported implant survival rate

References n Timepoint (mo) Quality

Fugazzotto (2002) 63 13–24 Unknown
Groisman (2003) 92 24
Kan (2003) 35 44
Covani (2004) 58 48
Covani (2004) 105 48
Gomez-Roman (2001)124 51
Ashman (1995) 55 96
Becker (1998) 134 96
Bianchi (2004) 20 102 Fair
Maló (2000) 27 12
Lang (1994) 21 21
Grunder (2001) 66 24
Pecora (1996) 32 28
Wöhrle (1998) 14 28
Gelb (1993) 13 4
Gelb (1993) 9 4
Gelb (1993) 28 4
Goldstein (2002) 47 58
Rosenquist (1996) 109 6
Wolfinger (2003) 82 6
Zitzmann (1999) 31 6
Perry (2004) 322 60
Schwartz-Arad (1997) 95 78
Huys (2001) 556 84
Locante (2004) 46 12 Better
Maló (2003) 22 12
Norton (2004) 16 15
Chaushu (2001) 19 24
Polizzi (2000) 146 24
Becker (1999) 49 5
De Bruyn (2002) 31 6
Yukna (1991) 14 6
Pooled estimate

Perry (2004) 777 60 Fair
Schropp (2005) 23 12 Better
Polizzi (2000) 34 24
Gotfredsen (2004) 10 54
Pooled estimate

Maló (2000) 67 12 Fair
Grunder (2001) 25 24
Wolfinger (2003) 62 6
Zitzmann (1999) 48 6
Locante (2004) 40 12 Better
Maló (2003) 94 12
Schropp (2005) 23 12
Norton (2004) 12 15
Chaushu (2001) 9 24
Gotfredsen (2004) 10 54
DeBruyn (2002) 153 6
Yukna (1991) 14 6
Pooled estimate
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Fig 4 Last reported implant survival rate. For-
est plots of implant survival data for immediate,
early, and late placed implants. Only studies
with clear life tables on implant level were
included. For each study the following have
been indicated: a rough classification of the
respective study quality, the number of implants
enrolled, last observation (expressed in months,
of ten for only a small group of the initial
implants; for detailed information see Tables 2
and 3), the mean survival rate (via the square
box, with a size proportional to the number of
enrolled implants), the 95% confidence interval
of the survival rate (the endpoints of the horizon-
tal line drawn through the square). For each sub-
group an overall weighted mean (represented by
the diamond; its width indicates the 95% confi-
dence interval of pooled survival rate) has been
calculated.
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impossible to estimate the outcome of this variable.
Such data were presented in 2 papers42,60 for all
implants included in the study (ie, they did not differ-
entiate between immediately and delayed/late
implants). These papers showed that after 1 and 5
years, 12% and 18% of the implants, respectively, lost
more than 2 mm of marginal bone. Mean bone loss
values were published in 11 of 17 prospective stud-
ies and 3 of 17 retrospective studies, but such data
were considered not useful.

Soft Tissue Complications. Only a few prospective
studies examined soft tissue changes. Frequency dis-
tributions of immediately placed implants with dif-
ferent degrees of attachment loss or probing depth
were not found. Only 1 prospective study42 and 1 ret-
rospective study68 reported frequency distributions
of probing depths around immediately placed
implants. After up to 6 years of loading, the propor-
tion of immediately placed implants with pockets
greater than 4 mm reached 20% in the Polizzi
study,42 whereas the proportion of implants with
pockets greater than 3 mm reached 50% in the
Bianchi study.68

Some authors indicated that some immediate
implants exhibited serious gingival recession that
resulted in an exposure of the metal margin of the
implant.49,56,57,60,61,86 Even though the incidence was
small, it points to a possible concern when placing
immediate implants in the esthetic zone.

Peri-implantitis. Unfortunately, most papers did
not include this parameter. None of the papers
included clear data on the incidence of peri-implanti-
tis based on the Albrektsson criteria.81 Some papers
reported on peri-implant infections using the
authors’ own criteria. Such incidences were found to
be very low.

DISCUSSION

A series of prospective and retrospective studies was
included in this systematic review in order to analyze
complications with immediate/early placed implants.
Unfortunately, significant data were only available on
implant loss. For immediately as well  as
early/delayed placed implants, an overall loss of
around 5% was observed. Although these data corre-
spond to results presented in a systematic review on
implants in healed sites, when evaluating prospec-
tive studies with follow-up periods of more than 5
years,2 it should be emphasized that the current
review represents studies with considerably shorter
follow-up periods. Some of the papers on immedi-
ately placed, immediately loaded implants reported
higher failure rates, but in those cases implants with

a minimally rough surface (Sa ± 0.5 µm)87 had pri-
marily been used. There is insufficient information on
peri-implant health, prosthesis stability, degree of
bone loss, and esthetic outcome of immediate as
well as early/delayed placed implants.

A variety of classifications, with a lack of unifor-
mity, was used for the timing between tooth extrac-
tion and implant placement.11 Wilson and Weber88

introduced the terms immediate, recent, delayed, and
mature to describe the timing of implant placement
in relation to soft tissue healing and the predictabil-
ity of guided bone regeneration, but no guidelines
for the time interval associated with these terms
were provided. Mayfield10 suggested the terms
immediate, delayed, and late to describe healing
periods of 0 weeks, 6 to 10 weeks, and 6 months or
more after extraction, respectively, but unfortunately,
the interval between 10 weeks and 6 months was
not addressed. Most studies in this review used the
term “immediate implant placement” when the
implant was placed immediately following tooth
extraction (ie, during the same surgery). Only Schropp
and coworkers23 used the term “immediate implanta-
tion” when implants were placed between 3 and 15
days following tooth extraction. The terms “early” or
“delayed implant placement,” however, were used for
intervals ranging from 3 to 26 weeks. It seems more
reasonable to use soft and hard tissue healing para-
meters instead. Hämmerle and coworkers,89 for exam-
ple, have suggested following classification:

1: Immediately—implant placement following tooth
extraction as part of the same surgical procedure

2: Complete soft tissue coverage of the socket (typi-
cally 4 to 8 weeks after extraction)

3: Substantial clinical and/or radiographic bone fill
of the socket (typically 12 to 16 weeks after
extraction)

4: Complete fill of the socket (typically more than 16
weeks).

In this review, however, simply the time between
tooth extraction and implant placement was used,
without applying any further terminology.

Only in a few studies intraoral long-cone radi-
ographs were systematically obtained for the longi-
tudinal verification of marginal bone level changes.
Of these papers, only 2 reported frequency tables,
but no distinction was made between immediately
placed implants and other implants. As such, it was
impossible to estimate the number of implants
exhibiting bone loss above a certain threshold level
(eg, ≥ 2.5 mm). Mean values on bone loss were pre-
sented in several papers, but they are not very useful
because they mask the outliers. For a clinician, it is
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not the mean value but the outliers (eg, implants
with severe bone loss or deep pockets and/or with
peri-implantitis) that are of interest. The same is true
for the probing depth values and the data on attach-
ment level changes.

Frequencies of implants exhibiting symptoms of
peri-implantitis were reported in only some studies;
self-defined criteria were often applied. The majority
of these studies used only probing assessments to
identify peri-implantitis. Attachment level measure-
ments, the presence of suppuration, and excessive
bone loss were less frequently used. Interpretation of
the data on the incidence of peri-implantitis is diffi-
cult because of the inconsistency in the assessment
procedures.

Although esthetics was frequently cited as a rea-
son for immediate implant placement, data on the
esthetic outcome following immediate implant
placement are still lacking. Although several papers
reported on optimal esthetic outcomes, others
warned of soft tissue complications, especially
midfacial gingival recession with exposure of the
abutment or implant neck.49,56,58,60,61,74,86 Gotfred-
sen56 and Schropp and coworkers49 compared the
esthetic outcome obtained between immediately and
delayed placed implants. In the first study,56 the best
results were obtained with implants placed after 12
weeks of healing, compared to 4 weeks, whereas the
second study49 reported better esthetics with implant
placement after 10 days instead of after 12 weeks. It is
also important to notice that ratings of the esthetics
made by patients are in general more positive than
those of prosthodontists/periodontologists.56,90

Now that it has been established that the horizon-
tal resorption of the alveolar ridge cannot be pre-
vented by immediate implant placement, it may be
more prudent to wait for at least soft tissue healing.
A 2-month healing period may still be insufficient to
evaluate complete bone remodeling at the buccal
site of the healing extraction socket. Soft and/or hard
tissue grafting, before, in combination with, or after
immediate implant placement, can compensate for
this ridge resorption and thus further improve the
esthetic outcome.11,14,91 A variety of techniques,
including minimally invasive tooth extraction,92

mobilization of flap,93–96 soft tissue augmenta-
tion,97,98 flapless procedures,99 forced tooth
eruption,100 and scalloped implant design,78 have
been suggested but need further evaluation with
respect to esthetic outcomes. The validity of each
procedure would need to be determined by another
systematic review.

An evaluation of the periodontal biotype101-103

may be a useful guide for the prevention of soft tis-
sue complications with immediate implant place-

ment (for review see Sclar14). The thin, scalloped peri-
odontium is characterized by a pronounced positive
soft tissue architecture, friable soft tissues, minimal
amounts of attached tissues, and a thin underlying
alveolar bone with high frequencies of bony dehis-
cence and/or fenestration defects. Surgical proce-
dures in such a periodontium typically result in some
degree of soft tissue recession and underlying
resorptive osseous remodeling. Such a thin peri-
odontium has been associated with a triangular
tooth form with small connector zones in the incisal
third. This tooth morphology presents the additional
esthetic challenge of preserving the existing soft tis-
sues to minimize blunting of the papillae. In contrast,
the thick, flat periodontium is characterized by rela-
tively flat soft tissue and bony architecture; a dense,
fibrotic soft tissue curtain with large amounts of
attached tissues; and a thick osseous form that is
resistant to resorption. This tissue is associated with a
square tooth form with large connector zones. Such
soft tissue is more resistant to gingival recession but
slightly more susceptible to scarring at incision lines.

To reduce the heterogeneity between papers on
immediate implant placement (Table 4), it is the rec-
ommendation of these authors that the inclusion of
certain key parameters be considered mandatory.
For many journals, this would require a revision of
editorial policy. Special attention should be given to
a clear description of the treated sites, so that the
reader can clearly understand the clinical conditions.

Figure 5 summarizes the most essential variables
for defect characterization; it includes defect classifi-
cation (1- to 2-wall, 3-wall, or circumferential defect)
as well as possible parameters. Looking from the
occlusal plane (Fig 5a), 5 different conditions might
be encountered. Group 0 represents the absence of a
gap between implant and surrounding bone. Group I
shows a circumferential defect, with Ia representing a
gap ≤ 2 mm which renders the use of a grafting pro-
cedure unnecessary and Ib a condition where the
gap is > 2 mm so that grafting might be recom-
mended.104–107 Group II presents 3-wall defects in
either a buccolingual or mesiodistal direction,
defects that normally have a good potential to heal
spontaneously without augmentation.23 Group III
represents 2-wall defects (either at the buccal (b) or
oral site (o)). Finally the 1- or no-wall defects are rep-
resented in group IV (implant outside the confines of
the remaining bone). For groups III and IV, a further
distinction should be made between a primarily
suprabony defect or a defect with a significant
infrabony part. In a vertical plane the implant might
be positioned above, at, or below the marginal bone
crest. For illustrations of essential defect parameters,
see Fig 5b.
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CONCLUSIONS

1. The selected papers presented significant heterogene-
ity with respect to several aspects, including inclusion
criteria, defect characteristics, treatment concept,
and general validity of the paper. This heterogeneity
rendered a generalized data analysis impossible.

2. Of the different complications, implant loss was
most frequently described, while biologic compli-
cations (peri-implantitis, attachment loss, bone
loss, gingival shrinkage/recession) were consid-
ered only sporadically.

3. The total incidence of implant loss after immediate
implant placement was 4% to 5% (around 2.5%
prior to prosthesis connection and 2% to 3% dur-
ing function). The incidence of implant loss was
higher when immediate implant placement was
combined with immediate loading, especially for
minimally rough implants.

4. Information on the incidence of peri-implantitis for
immediate/early placed implants was lacking.
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Occlusal view Vertical plane

0: no gap

Ia: circumferent
narrow gap

Ib: circumferent
gap > 2 mm

IIa: 3 wall, M/D

IIb: 3 wall, B/L

III: 2 wall

IV: 0–1 wall

+

=

–

– infra + infra

HWpa
HWpp

+ HD – HD

VDsupr

VDinfra VDtot

Fig 5a Classification of bony defect after
immediate implant placement. Looking from the
occlusal plane, 5 different conditions are high-
lighted: (0) absence of a gap between the
implant and surrounding socket, (I) a circumfer-
ential defect with (a) a gap ≤ 2 mm or (b) a gap
> 2 mm, (II) a  3-wall defect in either a mesiodis-
tal (M/D) or buccolingual (B/L) direction, (III) a
primarily 2-wall defect, (IV) a defect on 1 pri-
mary wall or a no-wall defect. In a vertical plane
the implant might be positioned above (+), at
(=), or below (–) the marginal bone crest. For III
and IV, a further distinction should be made
between a primarily suprabony defect (– infra)
or a defect with a significant infrabony part (+
infra).

Fig 5b Useful parameters for characterizing
the bony defect
HWpa: The horizontal width of the defect paral-
lel to implant
HWpp: The horizontal width of the defect from
the crest to the implant surface in a direction
perpendicular to the long axis of the implant
VDsupr: Vertical depth of the defect measured
along the implant long axis (implant-abutment
junction to the bony crest)
VDinfra: vertical depth of the infrabony part 
VDtot: total vertical depth; total vertical depth of
the defect measured along the implant long-axis
(implant-abutment junction to the bottom of the
defect).
Figure based on Ashman et al,67 Zitzmann et
al,80 and Schropp et al.23

a

b

Quirynen.qxd  2/14/07  3:35 PM  Page 217



The data on soft tissue complications remains
insufficient. Recent observations of resorption of the
buccal bone plate in the first months after tooth
extraction, irrespective of the presence of an implant,
as well as some reports on gingival recessions result-
ing in exposed metal parts of the implant, should be
considered when selecting patients for immediate/
early implant placement.
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Members of Section 8 evaluated the systematic
review on the timing of implant placement after
extractions. The focused PICO question addressed by
the authors, Marc Quirynen and coworkers, of the
evidence-based systematic review is: How does the
timing of implant placement after extraction affect
outcomes?

1. Does the section agree that the systematic
review is complete and accurate?
The section felt that the systematic review was com-
plete and accurate.

2. Has any new information been generated or
discovered since the review cutoff time?
The section felt that the following studies have
appeared in the literature but do not change the
conclusions of the systematic review:

One study (Wagenberg B, Froum S. A retrospective
study of 1,925 consecutively placed immediate
implants from 1988 to 2004. Int J Oral Maxillofac
Implants 2006;21:71–81) evaluated 1,925 patients
over a 5-year period. Among the conclusions were
that if implant stability could be attained and residual
infection removed, immediate implant placement is a
highly successful procedure. In the 323 patients who
smoked greater than half a pack of cigarettes per day,
the failure rate was twice as high (4.6% versus 2.3%)
compared to those who did not smoke. However, this
was not statistically significant. Patients who were
penicillin sensitive had a statistically higher failure
rate. Implants with a moderately roughened surface
(Sa value 1 to 2 µm) had higher survival rates than
those with a minimally roughened surface (Sa value
0.5 µm).This result was statistically significant.

Jaffin and coworkers (Jaffin RA, Kolesar M, Kumar
A, Ishikowa S, Fiorellini JP. The radiographic bone loss
pattern adjacent to immediately placed, immediately
loaded implants. Int J Oral Maxillofac Implants 2007
[in press]) treated 17 patients with hopeless maxil-
lary and/or mandibular dentitions who had their
remaining teeth extracted and 6 to 8 implants placed
and restored within 72 hours. Radiographs were
taken at time 0, 3 to 6 months, and annually for 5
years. The radiographs were digitized and the bone
level changes were measured using a computer-
assisted method. Over 54 months, implants placed

into extraction sites lost 1.30 ± 0.48 mm of bone.
Implants placed in native bone lost 1.45 ± 0.49 mm
of bone over the same period.

Another prospective study (Oxby G, Lindqvist J,
Nilsson P. Early loading of Astra Tech Osseospeed
implants placed in thin alveolar ridges and fresh
extraction sockets. Applied Osseointegration Res
2006;5:68–71) compared 29 immediate implants
with 36 implants placed in healed bone. Periapical
radiographs were taken at baseline, 6 months, and 12
months. No radiographic differences were observed
between the 2 treatment groups regarding the
height of the interproximal crestal bone.

In a study by Cornelini et al (Cornelini R, Cangini F,
Covani U, Wilson TG Jr. Immediate restoration of
implants placed into fresh extraction sockets for sin-
gle-tooth replacement: A prospective clinical study.
Int J Periodontics Restorative Dent 2005;25:439–447),
22 single-tooth implants placed and restored imme-
diately had 100% 12-month survival and a mean
radiographic bone resorption of 0.5 mm.

Davarpanah et al (Davarpanah M, Caraman M,
Szmukler-Moncler S, Jakubowicz-Kohen B, Alcol-
forado G. Preliminary data of a prospective clinical
study on the Osseotite NT implant: 18-month follow-
up. Int J Oral Maxillofac Implants 2005;20:448–454)
compared the survival of 182 implants in immediate,
early, and delayed sites at 18 months. Implant sur-
vival was 97.79% in immediate and early sites com-
pared to 98.75% in the delayed sites.

In a study to investigate the effect of hard tissue
grafting on preservation of the facial plate of bone
following tooth extraction (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), 9
patients were selected for extraction of 36 maxillary
anterior teeth. All extractions were performed by
“experienced” clinicians. Nineteen sites were grafted
with a xenograft (test) while 17 sites received no
graft (control). All sites were treated with primary
flap closure. Computerized tomograms were per-
formed immediately following extraction and
repeated between 30 and 90 days to determine the
fate of the buccal plate. They were evaluated by an
independent radiologist. Sockets treated with the
xenograft demonstrated a loss of less than 20% of
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the buccal plate in 15 of 19 sites (79%). In contrast, 12
of the 17 control sockets (71%) experienced a loss of
more than 20% of the buccal plate.

Chen and Darby (Chen S and Darby I. A prospec-
tive controlled clinical study of non-submerged
immediate implants: Clinical outcomes and esthetic.
Clin Oral Implants Res 2006 [accepted for publica-
tion]) compared gingival recession on the facial
aspect of immediate implants that received
xenografts, xenograft plus resorbable collagen mem-
branes, or no grafting. They found that gingival
recession was related to the facial-lingual implant
position.

Two studies addressed the placement of immedi-
ate implants into infected sites. The first (Lindeboom
JA, Tjiook Y, Kroon FH. Immediate placement of
implants in periapical infected sites: A prospective
randomized study in 50 patients. Oral Surg Oral Med
Oral Pathol Radiol Endod 2006;101:705–710)
reported a higher failure rate for immediately placed
implants in sites with a history of periapical infec-
tions (2/25 implants lost versus 0/25 for noninfected
sites). In the second (Villa R, Rangert B. Early loading
of interforaminal implants immediately installed
after extraction of teeth presenting endodontic and
periodontal lesions. Clin Impl Dent Rel Res
2005;7(suppl 1):528–535), 20 patients were treated
with 93 implants in the mandibular interforaminal
area immediately after extractions. Some implants
were placed “near” extraction sites while others were
placed directly in extraction sites. All patients pre-
sented preoperatively with evidence of periodontal
or periapical pathology in the area of implant place-
ment. Survival rates were 100% at the time of provi-
sional restoration and during the follow-up period
(15 to 44 months), with a mean bone loss of 0.7 mm
(SD 1.2 mm).

3. Does the section agree with the interpretation
and conclusion of the reviewers?
The section agrees with the conclusions. The group
felt that the incidence of soft tissue complications
(conclusion No. 5) can be influenced by the position
of the implant (buccal to lingual), periodontal bio-
type, amount and type of graft material placed, and
soft tissue augmentations.

4. What further research needs to be done rela-
tive to the PICO question?
Interpretation: To obtain meaningful data that can
impact patient management, future studies should
be performed. To assess outcomes in a standardized
fashion that will allow cross-study comparisons, these
studies should include the following criteria: a clear
characterization of soft and hard tissue defects found

in extraction sites, gingival recession, bone level mea-
surements, and incidence of peri-implantitis.

Suggested areas of research include:

• Impact of the type of treatment on outcomes for
the different types of osseous defects

• The effect of buccal plate thickness on esthetics
• The effect of the tissue biotype on esthetics
• The effect of the implant position on recession
• Clinical application and limitations of “flapless”

surgery
• The effect of previous dental history on outcomes
• Whether there is an advantage to early placement
• The effect of site preservation on outcomes
• The effect of implant design and surface charac-

teristics on outcomes

5. How can the information from the systematic
review be applied for patient management?
Due to the heterogeneity of studies published to
date, it was not possible to compare the outcomes of
immediately placed implants with implants placed in
healed sites. Most papers reported high survival rates
for immediate implant placement. Immediate
implant placement offers shorter treatment time and
fewer surgical procedures. However, there is some
concern about the potential for soft/hard tissue com-
plications after immediate implant placement. Clini-
cians must consider and understand the potential
beneficial or adverse impact that the following fac-
tors may have on the functional and esthetic out-
comes of immediate implant placement. These fac-
tors may include, but are not necessarily limited to:

Patient assessment
• General health of the patient
• History leading to tooth failure
• Esthetic evaluation
• Periodontal biotype
• Osseous morphology 
• Health of the adjacent periodontium
• Site location of the implant
• Patient expectations
• Oral health status

Surgical technique
• Operator experience
• Minimizing trauma during extraction
• Removal of residual infection
• Appropriate use of antibiotics
• Choice of implant size, design, and surface 

characteristics
• Ability to achieve primary stability
• Position of the implant
• Requirements of grafting (hard and soft)
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