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Abstract

Obijectives: The aim of this systematic review was to evaluate the best timing for placing implants
after tooth extraction, by comparing early vs. delayed implant placement and evaluating the hard
and/or soft tissue ridge dimensional changes and the outcomes related with implant survival and
prosthesis success.

Material and methods: An online search of the main databases including The National Library of
Medicine (MEDLINE via Pubmed), Embase and The Cochrane Central Register of Controlled Trials
was conducted up to February 2011. Randomized controlled clinical trials (RCTs), prospective cohort
studies and case-control retrospective studies, with a follow-up of at least 1 month after loading
of dental implants, comparing: (i) early vs. delayed implant placement, (ii) augmentation vs. no
augmentation at implant placement in early placed implants and/or (iii) the comparison of various
augmentation procedures at early implant placement, were conducted. A hand search of relevant
journals was also performed. Screening of eligible studies, assessment of their methodological
quality and data extraction were conducted in duplicate by two independent reviewers. Authors of
studies were contacted for clarification or missing information.

Results: Eight studies were included, although meta-analysis could only be performed with the
data from two studies comparing early vs. delayed implant. The percentage of bone height and
bone width reduction favoured the early placement, with pooled mean difference between groups
of 13.11% (95% Cl: from 3.83 to 22.4; P = 0.057) and 19.85% (95% Cl: from 13.85 to 25.81)
respectively. Implant survival demonstrated a non-significant higher implant survival rate for the
early group (RR = 1.02, 95% Cl: 0.96-1.1).With regard to patient satisfaction, statistically significant
differences between the groups in favour of the early group for overall satisfaction and
appearance with the restoration were demonstrated at 2 years, although these differences were
lost at 5 years.

Conclusions: Placement of dental implants at an early timing after tooth extraction may offer
advantages in terms of soft and hard tissue preservation, when compared with a delayed protocol.
Nevertheless, well-designed, high quality, randomized clinical trials, are needed, because the
available evidence is today limited in terms of available studies and quality.

Teeth may be lost due to disease or trauma, advantages and disadvantages have been

or may be congenitally absent. To replace
missing teeth, dental implants offer an excel-
lent treatment option with demonstrated
short- and long-term predictable outcomes.
There are, however, many teeth still present
in the patient’s mouth with poor or hopeless
prognosis that, according to the dentist opin-
ion, need to be extracted and replaced by den-
tal implants. The ideal timing of implant
placement after dental extraction has been
extensively discussed in the literature, and

attributed to the different protocols (Esposito
1998; Chen et al. 2004; Fugazzotto
2005), although there is an increasing interest
for shortening the overall treatment time
and minimizing the number of surgical
Late implant
following extraction, with a healing period of
6-12 months prior to implant placement has

et al.

interventions. placement

been traditionally considered the standard of
care, because a fully healed ridge will ensure
implant insertion in a stable ridge dimension,
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but the bone availability for implant place-
ment may have been hampered by the resorp-
tive changes occurring in the ridge after
tooth extraction.

To overcome these potential drawbacks,
different alternative approaches have been
proposed, such as immediate implant place-
ment at the time of extraction or early
implant placement following a few weeks of
soft tissue healing prior to implant insertion.
At a recent consensus workshop (Chen et al.
2004; Hammerle et al. 2004), three different
protocols were defined: (i) immediate or type
1 when the implant are placed in the same
surgical intervention as the dental extraction;
(ii) type 2 or early implant placement when
implants are placed in the early stages of
healing (from 4 to 8 weeks); and (iii) type 3
or delayed implant placement when implants
are placed when the ridge has healed (from 3
to 6 months).

In these publications, the potential advan-
tages and disadvantages of the different proto-
(Chen et al. 2004,
2004). The immediate
implant placement protocol obviously results

cols were discussed

Hammerle et al.
in shorter treatment time, utilizes all avail-
able existing bone in the ridge and may avoid
the need for raising a flap. On the other hand,
there are some potential disadvantages with
immediately placed implants, such as: (i) an
increased risk of infection and associated fail-
ures if the socket is infected (Rosenquist &
Grenthe 1996; Takeshita et al. 1997); (ii)
presence of a discrepancy between the surface
of the implant and the socket wall with a
need to combine with bone augmentation
procedures; (iii) the need to advance the flap
to cover the implants in situations aiming
for a submerged implant healing (Rosenquist
& Ahmed 2000); and (iv) an increased risk for
compromised aesthetic outcomes (Kan et al.
2007; Chen & Buser 2009; Sanz et al. 2009).
To overcome some of these potential risks,
the early implant placement protocol (type 2)
has been proposed, as it may share some of
the advantages of immediate placement,
mainly by utilizing the socket walls before
they become fully resorbed, but at the same
time allowing primary healing after tooth
extraction and thus achieving enough soft
tissues in case of need for flap closure and
reducing the risks for infection during
implant placement (Zitzmann et al. 1999;
Nemcovsky & Artzi 2002; Buser et al. 2008a,
2008b, 2009, 2011). Moreover, tissue augmen-
tation procedures with the use of either bone
grafts, barrier membranes and/or soft tissue
grafts are usually needed mostly in the aes-
thetically relevant areas to compensate the
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ridge alterations that always occur after tooth
extraction. The early implant placement pro-
tocol is particularly suitable for augmenta-
tion techniques, as the soft tissue healing
after tooth extraction has occurred and there
is usually enough soft tissue coverage allow-
ing for primary healing without the need of
advancing the flaps. This protocol therefore
has been advocated whenever there is a need
for bone augmentation, either because there
are defects in one or more of the socket walls
or to close the gap between the implant sur-
face and the socket bone walls in case of
wide discrepancies (Zitzmann et al. 1999;
Buser et al. 2008a, 2008b, 2009, 2011). In
these situations, different bone regenerative
technologies have been utilized such as
autologous bone grafts (Ross et al. 1989; Bec-
ker et al. 1994), bone substitutes (Block &
Kent 1991; Yukna 1991) or guided bone
regeneration (GBR) with resorbable and non/
resorbable barriers (Rosenquist & Ahmed
2000; Buser et al. 2009).

The efficacy of these protocols in terms of
enhancing the survival of the implants placed
to restore the extracted teeth has been evalu-
ated in a recent systematic review (Esposito
et al. 2010), where randomized clinical trials
(RCTs) comparing type 1 and 2 protocols
with the standard 3 protocol were selected
and analysed. Only two RCTs compared
immediate vs. delayed implants and only one
compared early vs. delayed implants in 46
patients. These studies failed to demonstrate
differences in implant survival between the
protocols, and they did not answer the ques-
tion whether augmentation procedures are
benefited when one particular implant place-
ment protocol is utilized (Covani et al. 2004).
One of the reasons for the lack of differences
in implant survival, when the different proto-
cols are compared is probably due to the scar-
city of available clinical trials, and therefore,
this evidence must be supplemented with
other study designs such as prospective
cohort studies and retrospective case series
with the goal of not only assessing the out-
come of the implants but also evaluating the
potential advantages of the more rapid treat-
ment protocols, in terms of aesthetic out-
comes, patient preferences, need and efficacy
for tissue augmentation approaches and the
occurrence of complications.

Therefore, the objective of the present sys-
tematic review was to evaluate the scientific
evidence on the efficacy of the early implant
placement protocol when compared with the
standard delayed implant placement protocol.
The hypothesis of this investigation was that
there are no differences between both proto-

cols in terms of implant survival as well as
in the soft and hard tissue changes when
bone or soft tissue augmentation techniques
are implemented in conjunction with the
implant placement.

The primary objective of this systematic
review was to obtain an overall quantitative
estimate of the bone and soft tissue changes
after early vs. delayed implant placement. As
secondary objectives, it was aimed to com-
pare the outcome of tissue augmentation vs.
no augmentation procedures at early implant
placement and to compare various augmenta-
tion procedures used in conjunction with this
implant placement protocol.

Material and methods

A protocol was developed before starting the
review that covered all aspects of the system-
atic review methodology according to the
Prisma guidelines (Moher et al. 2009) includ-
ing the following definitions:

Focused question.

Study population.

Types of intervention.

Types of comparisons.

Search strategy.

Eligibility criteria for study inclusion.
Outcome measures.

Screening methods and data extraction.
Quality assessment and data synthesis.

Assessment of heterogeneity and drawing
of conclusions.

Focused question

Which are the effects of the early implant
placement in post-extraction sockets when
compared with delayed implant placement,
in terms of hard and/or soft tissue dimen-
sional changes and in terms of implant sur-
vival and prosthesis success?

Study population
Patients with at least one implant placed
after tooth extraction.

Types of interventions and comparisons
The surgical protocol considered for this eval-
uation was the early implant placement (type
2) protocol. This intervention was defined at
a consensus workshop as “Implant placed fol-
lowing tooth extraction when the complete
soft tissue healing of the socket (typically 4
has
In the present

after extraction) occurred”
(Hammerle et al. 2004).
review, studies where implant placement

occurred 4-8 weeks after tooth extraction

8 weeks

© 2011 John Wiley & Sons A/S



were included, but other protocols were also
considered (i.e. implants placed between
3 days and 12 weeks after tooth extraction),
as these interventions could not be consid-
ered as immediate placement (tooth extrac-
tion and implant placement in the same
surgical procedure) or delayed placement,
when the alveolar ridge is fully healed.

As in the early surgical protocol, bone aug-
mentation techniques are frequently carried
out, we also considered the outcomes of
these interventions compared with no aug-
mentation, as well as the outcomes of com-
paring different augmentation approaches.
The specific bone augmentation technologies
assessed in this study were: autologous bone
grafts, bone substitutes (allogenic, xenogenic
and synthetic grafts), barrier membranes,
combinations, biological factors (platelet-rich
plasma, bone-morphogenetic proteins, etc.)
and soft tissue augmentation procedures.

Three types of comparisons were evaluated:

Early implants vs. delayed implants.
Augmentation vs. no augmentation at
early implants.

® Various augmentation procedures at early
implants.

Selection of studies

Studies needed to be conducted in patients,
older than 18 years and in good general
health, where at least one tooth needed to be
extracted and replaced with dental implants.
A minimum sample size (10 subjects per
group) was established in an attempt to mini-
mize the publication bias.

Clinical studies were selected if the study
design consisted on RCTs, prospective cohort
studies and case-control retrospective case
series, where the early implant placement
protocol had been used and the implants had
been followed up at least 1 month after plac-
ing and loading the implant-supported resto-
ration.

Outcome measures

The primary outcome variable was the bone
dimensional changes occurring between
implant placement and osseo-integration,
usually assessed at the time of second stage
surgery or the placement of the restorations.
These were assessed in terms of height,
width or volume, either directly on the alveo-
lar process (in millimetres or percentage), or
indirectly,

radiographs or tomographic images, or by

using standardized periapical

assessing the soft tissue dimensional changes
assessed with a periodontal probe or with
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standardized clinical photographs (in milli-
metres or percentage).

The following secondary outcomes were
also assessed:

® TImplant survival (%) and success (%)
rates.

® Peri-implant tissue health (probing pocket
depth [PPD], Plaque Index [PlI], bleeding
on probing [BoP]).

® Qutcomes related with the aesthetic and
restorative result, such as the occurrence
of buccal mucosal recession or loss of
interdental papilla evaluated with the
(Jemt index) (Jemt 1997), or the occur-
rence of restorative complications.

® Occurrence of biological (peri-implant)
diseases.

Search strategy
Three electronic databases (The National
Library of Medicine [MEDLINE via Pubmed];
Embase and the Cochrane Central Register of
Controlled Trials) were used to search for
studies fulfilling the inclusion criteria, pub-
lished between 1986 and February 2011.

The following search terms were used:

Population

{ (<[text words] Tooth> OR <[MeSH
terms/all subheadings] “Tooth”>) AND
([text words] Extraction)

OR

(<[Text words] Tooth extraction OR
Extraction socket OR Alveolar socket
OR dental extraction OR tooth removal
OR socket OR ridge-socket OR post-
extraction socket > OR <[MeSH terms/
all subheadings] “Tooth Extraction” OR
“Tooth socket™>)}

Intervention

{ (<[text words] immediate-delayed
AND implant OR “Dental Implants,
Single-Tooth*” <[MeSH terms>)

OR

{ (<[text words] immediate-delayed
AND implant OR “Dental Implants,
Single-Tooth*” <[MeSH terms>)

OR

{ (<[text words] early implant AND
implant OR “Dental Implants, Single-
Tooth*” <[MeSH terms>)

AND

[text words] Socket preservation OR
Ridge preservation OR bone
preservation OR socket seal OR Bone
filler OR autologous bone grafts OR
autogenous bone OR bone substitutes
OR allogenic graftsOR allografts OR

Sanz et al - Early implant placement

xenogenic grafts OR xenografts OR
synthetic grafts ORBarrier membranes
OR membrane OR guided bone
regeneration OR freeze dried bone
allograft OR demineralized freese
dried bone allograft OR DFDBA OR FDBA
ORBi0o-0Oss OR Bio-0Oss Collagen OR
Alloplast OR tricalciumphosphate OR
cerasorb ORBioglass OR polymeric OR
collagen sponge OR Collage OR
collagen fleece OR collagen plug OR
collagenplugs ORBiogide OR Ossix OR
soft tissues autografts OR connective
tissue grafts OR punch OR free
gingival graft OR soft tissues
substitutes OR allogenic soft tissues
OR

[patient AND intervention]

Only studies published in the English lan-
guage were included. All reference lists of
the selected studies were checked for cross-
references.

The following journals were hand-searched
for this review from January 1999 to February
2011: Journal of Clinical Periodontology,
Journal of Periodontology, Journal of Peri-
odontal Research, Clinical Oral Implants
Research, International Journal of Oral e
Maxillofacial Implants and Clinical Implant
Dentistry and Related Research.

Review methodology

Two reviewers (I. S. and M. G. G.) indepen-
dently screened the titles and abstracts of all
retrieved entries. Studies were selected when
meeting the inclusion criteria, or when there
was insufficient data in the title and abstract
to make a clear decision. A full manuscript
was obtained from the selected studies that
were independently assessed by three review-
ers (I. S, M. G. G, D. H.) to establish the
final inclusion. Any disagreement was solved
by discussion among the reviewers. The rea-
sons for rejecting studies at this or at subse-
quent stages were recorded. To avoid the
selection bias, the reviewers were blind to
the name of the authors, institutions and
journal titles. The selected studies underwent
validity assessment, with special attention to
duplicate publications using the same data
source, to avoid a likely bigger impact of the
same data in the global result.

Quality assessment

Based on the design and content of the
selected studies, their quality was evaluated
independently and in duplicate by two
reviewers (L. S. and M. G. G.), who were blind
to the name of the authors, institutions and

journal titles.
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Table 1 shows the different quality assess-
ment criteria used for the selected random-
Following  the
recommendations by (Ten Heggeler et al.
2010), we utilized RCT-checklist of the
CONSORT-statements (Schulz et al. 2010a,
2010b), the MOOSE-statements (Stroup et al.
2000) and the recommendations by (Needle-
man 1999; Esposito et al. 2001), together
with the Cochrane checklist for assessing
risk of bias (Higgins 2009). With these crite-
ria, the studies were grouped into three dif-
ferent categories: low, unclear or high risk of

ized controlled trials.

bias.

Table 2 shows the different quality assess-
ment criteria used for prospective cohort and
case—control studies (Harris et al. 2001; Jan-
ket etal. 2003; Paraskevas 2008)
together with the Strobe statement checklist
(von Elm et al. 2007a, 2007b). With these cri-
teria, the studies were graded as (i) adequate,

et al.

(ii) inadequate and (iii) not listed and grouped

Table 1. Quality criteria for randomized clinical
trials

Validity Quality criteria

External Representative population
group

Eligibility criteria defined

Random allocation

Allocation concealment

Blinded to the patient

Blinded to the examiner

Blinding during statistical
analyses

Reported loss to follow-up

Number (or %) of drop-outs

Treatment identical except
for intervention

Sample size and power
calculation

Point estimates presented for
primary outcome

Intention to treat analyses

Statistical test

Study design

Evaluation method

Reason for extraction

Calibration examiner

Reproducibility data shown

Validated measurement

Internal

Statistical

Clinical validity

Table 2. Quality rating criteria for cohort studies

into three different categories: good, fair or
poor quality.

Data extraction

Two reviewers (I. S. and M. G. G.) extracted
the data
designed data extraction forms. Any disagree-
ment was discussed, and a third reviewer (D.
H.), was consulted when necessary. Authors

independently using specially

of studies were contacted for clarification or
missing information. Incomplete data were
excluded until further clarification was avail-
able. When the results of a study were pub-
lished more than once or results were
detailed in a number of publications, the
most complete data set was sought from all
sources and was included only once.

Heterogeneity assessment

The statistical heterogeneity among studies
assessed using the Cochran Q-test
(Cochran 1954) and two graphic methods
(Galbraith and La’Abbé graphic, for dichoto-
mous variables). In case of high heterogeneity

was

values, a subgroups analysis was carried out.
As a complement to the Q-test, the I? index
(Higgins et al. 2003) was done to know the
percentage of variation in the global estimate
that was attributable to

(I2=25%: low; I*=50%:
I” = 75%: high heterogeneity).

heterogeneity
moderate;

Data synthesis

To summarize and compare studies, data on
the mean change in primary (bone and soft
tissue level changes) and secondary outcome
variables were statistically analysed. The
study-specific estimates were pooled using
both the fixed effect model (Mantel-Haenzel-
Peto test) and the random effect model (Der-
Simonian-Laird test). If a significant hetero-
geneity were found, the random effect model
was used. For continuous variables (bone
level changes, soft tissue changes), weighted
mean differences and 95% confidence inter-
vals were used to summarize the data in each
study. For dichotomous variables (e.g. suc-
cessful implant placement), the estimates of
the effect were expressed as risk ratios (RR)

Cohort studies

Participants

Inclusion and exclusion criteria

Homogeneity between groups

Sample size

Follow-up Period of follow-up

Rationale for study size, including practical and statistical considerations

Percentage lost to follow-up: <, >20%, not listed

Outcomes
Statistical methods
confounding

Measured in a standard, valid and reliable way
Description of all statistical methods including those to control for

Description of how loss to follow-up and missing data were addressed
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or odds ratios (OR) together with their 95%
confidence intervals.

Forest plots were created to illustrate the
effects of the different studies and the global
estimation of the meta-analysis.

sTaTA® 11.1 (StataCorp LP, Lakeway Drive,
TX, USA)
software was used to perform all analyses.
Statistical significance was defined as a
P-value < 0.05.

The publication bias was evaluated using a
Funnel plot and the Egger’s linear regression
method. A sensitivity analysis of the meta-

College Station, intercooled

analysis results was also performed (Tobias
1999).

Results

The initial search resulted in 401 papers.
After an initial phase of screening (96.76% of
coincidences between reviewers, k = 0.70), 29
potentially relevant papers were identified
and one more was added during hand-search
(Schropp et al. 2005a, 2005b). Thirty full-text
papers fulfilling the inclusion criteria were
finally evaluated for suitability. After a thor-
ough evaluation of the full-text manuscripts,
eight papers were finally included (96.55% of
agreement k = 0.93)
(Fig. 1).

From this selection, five papers from the
same research group reported different results
and/or different follow-up of the same mate-
rial (Schropp et al. 2003a, 2003b, 2004, 2005a,
2005b; Schropp & Isidor 2008). Two other
papers were also produced by the same
research group (Nemcovsky et al. 2000; Nem-
covsky & Artzi 2002), but reporting different

between reviewers,

material. The final selection therefore con-
sisted of four different investigations from
three distinct research groups (Israel, Belgium
and Denmark).

Tables 3a and b detail the design, patients,
methods, outcome variables and source of
funding of the selected studies. Three differ-
ent study designs were used: RCT (publica-
tions by Schropp et al.), prospective cohort
(Nemcovsky et al. 2000; Nemcovsky & Artzi
2002) and retrospective case-control (Cosyn
& De Rouck 2009). The test groups included
implants placed between 5 and 8 weeks after
tooth extraction, together with the use of
bone substitutes and barrier membranes
(Nemcovsky et al. 2000; Cosyn & De Rouck
2009). In the studies by the Schropp group,
the
between 3 and 15 days after tooth extraction

however, implant placement ranged
in the test group, and 65-138 days in the

control group. In these studies, autogenous

© 2011 John Wiley & Sons A/S



Records excluded

Full-text articles
excluded,with reasons

Did not fulfill the

inclusion criteria

c

£ Records identified through Additional records identified
:;:8 database searching through other sources

£ (n=401) (n=1)

o

i | |
. Records after duplicates removed

(n= 402)

o0

c

'S

Q

Q2

a Records screened

(n=402) (n=372)

g Full-text articles

B assessed for eligibility

k=l (n= 30) (n=22)
hno

= |
J Studies included in
. qualitative synthesis

(n=8)

3 !

2 Studies included in

= quantitative synthesis

(meta-analysis)

) (n = 2)

Fig. 1. Flow diagram (PRISMA format) of the screening and selection process.

bone chips were used to cover the exposed
threads in the control group in the first sur-
gery, and in both groups during the second
surgery (3 months later). The control groups

also differed among studies. In the first study
by Nemcovsky et al. (2000), there is a lack of
control group, and it is a prospective case ser-
ies where one or two implants have been

Sanz et al - Early implant placement

placed with the early placement protocol, but
with a different bone augmentation technol-
ogy. The second study by the same group is
the real prospective cohort study, where
implants placed with the early protocol are
compared with a control group with a 6-
month delayed implant protocol (Nemcovsky
& Artzi 2002). In the series of studies from
the Danish research group, the time of
implant placement in the control group var-
ied between 65 and 138 days after tooth
extraction (Schropp et al. 2003a, 2003b, 2004,
2005a, 2005b; Schropp & Isidor 2008). In the
study by (Cosyn & De Rouck 2009), the con-
trol group are contra-lateral non-restored
teeth.

Table 4 summarizes the data on the main
outcome variable, the changes in hard tissue
dimensions measured between implant place-
ment and the second stage surgery. These
data were evaluated in three of the eight
selected studies and expressed as changes in
height, width and area, as well as in fre-
quency distributions expressed as differences
in the percentage reduction of height and
area.

The bone defects present during the early
placement, mostly dehiscence-type defects,
were treated using a combination of bovine
bone mineral and resorbable collagen mem-

Table 3a. Methods, participants, interventions, outcomes, site and funding of the selected studies (first part)

Study Method Participants Interventions Outcomes Site and funding
Nemcovsky Prospective cohort 21 individuals (—0) Test: immediate-delayed Hard tissue dimensions: University based
et al. (2000) study Two study male/female: NA implants (5-7 weeks post- defect height (mm), defect (Tel Aviv — Israel)
groups 6-8 weeks Aged 54.9 years extraction) + Bio-Oss® width (mm), defect area Not available
follow-up Selected sites: + BioGide® for two (mm?), reduction in defect
maxillary teeth implants Control: area (%), reduction in
Smoking habit: immediate-delayed defect height (%) Implant
NA Periodontal implants (5-7 weeks survival Postoperative
status: NA post-extraction) + Bio- complications Periodontal
0ss® + BioGide®for one probe: 15-mm colour coded
implant periodontal probe
Nemcovsky Prospective cohort 66 individuals (—2) Test: immediate-delayed Hard tissue dimensions: University based
& Artzi study Three study male/female: NA implants (4-6 weeks defect height (mm), defect (Tel Aviv — Israel)
(2002) groups 6-8 weeks Aged NA Selected post-extraction) + Bio- width (mm), defect area Not available
follow-up sites: 1-3 proximal 0ss® + BioGide® Control: (mm?), reduction in defect
maxillary teeth delayed implants (6 months area (%), reduction in
Smoking habit: post-extraction) + Bio- defect height (%) Implant
NA Periodontal 0ss® + BioGide® 3rd survival Postoperative
status: NA group: immediate implants complications Periodontal
(same day of extraction) probe: milimetric
+ Bio-Oss® + BioGide® periodontal probe
Cosyn & De Retrospective case— 27 individuals (—0) 9 Test: single implant placed 6 Soft tissue dimensions: University based
Rouck control study Two male/18 female -8 weeks post-extraction keratinized mucosa width, (Ghent - Belgium)
(2009) study groups 21 Aged NA Selected + Bio-Oss® + Bio-Gide™ recession, mesial and distal Not explained

(6-68) months
follow-up

sites: 15-25 Smoking
habit: NA Periodontal

Control: non-restored
contralateral tooth

status: NA

papila height Clinical
peri-implant outcomes:
plaque score (%), PPD, BoP
Crown dimensions: length,
width, facio-palatal
Implant success Implant
survival Postoperative
complication Periodontal
probe: CP 15 UNC

© 2011 John Wiley & Sons A/S
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Table 3b. Methods, participants, interventions, outcomes, site and funding of the selected studies (second part)

Study Method Participants Interventions Outcomes Site and funding
Schropp RCT Two study Forty-seven individuals Test: single implants placed Hard tissue dimensions: University based
et al. groups (—4) 21 male/26 3-15 days (mean:10) after defect height (mm), defect (Aarhus —
(20033, 3 months female Aged 20-74 tooth extraction Control: width (mm), defect Denmark)
2003b) follow-up (mean: 48) Selected single implants placed reduction (%), horizonatl Biomet 3i
sites: 15-25/35-45 99 days (65-138 days) after gap (mm) Implant survival
Smoking habit: NA tooth extraction, with Postoperative
Periodontal status: NA autogenous bone chips to complications
cover exposed threads Periodontal probe: NA
Schropp RCT Two study 46 individuals (-5) 18 Test: same as Schropp et al. Patient satisfaction (VAS Same as Schropp
et al. groups male/23 female Aged (20033, 2003b) Control: + check boxes) et al. (20033,
(2004) 16-18 months 23-75 (mean: 50) single implants 3 months 2003b)
follow-up Same as Schropp et al. after tooth extraction
20033, 2003b
Schropp RCT Two study Forty-five individuals (—6) Test: same as Schropp et al. Soft tissue dimensions: % of Same as Schropp
et al. groups na male/na female (20033, 2003b)  Control: complete papila (modified et al. (2003a,
(2005a) 16-18 months Aged NA Same as single implants 3 months Jemt Index) Crown 2003b)
follow-up Schropp et al. (2003a, after tooth extraction dimensions: % of crowns
2003b) with normal height
Periodontal probe: NA
Schropp RCT Two study Forty-six individuals Test: same as Schropp et al. Hard tissue dimensions: Same as Schropp
et al. groups (=5) 21 male/25 (20033, 2003b)  Control: bone level in mm (mesial et al. (2003a,
(2005b) 24 months female Aged NA same as Schropp et al. and distal) Clinical 2003b)
follow-up Same as Schropp et al. (2004) peri-implant outcomes:
(20033, 2003b) buccal, mesial, distal,
lingual PPD Implant
survival Periodontal probe:
NA Radiographic
evaluation
Schropp RCT Two study Forty-five individuals Test: same as Schropp et al. Hard tissue dimensions: Same as Schropp
& Isidor groups (=11) 21 male/24 (20033, 2003b)  Control: bone level in mm (mesial et al. (20033,
(2008) 60 months female Aged 20-74 single implants 3 months and distal), horizonatl gap 2003b)
follow-up (mean: 48) Same as after tooth extraction (mm) Soft tissue

Schropp et al. (2003a,

dimensions: % of complete

2003b)

papila Clinical
peri-implant outcomes:
buccal, mesial, distal,
lingual PPD Patient
satisfaction Crown
dimensions: % of crowns
with normal height
Implant survival Periodontal
probe: NA Radiographic
evaluation

RCT, randomized clinical trials; NA, not available.

branes (Nemcovsky et al. 2000; Nemcovsky
& Artzi 2002) or autogenous bone chips har-
vested from the adjacent bone (Schropp et al.
2003a, 2003b). In most cases, defect reduction
was greater in the early placement group
than in the delayed protocol, although only
differences in the reduction of defect height,
width and area were statistically significant
(Nemcovsky & Artzi 2002). Similar results
were obtained in three studies in terms of
hard tissue dimensions, favouring the early
placement protocol (Nemcovsky & Artzi
2002; Schropp et al. 2003a, 2003b; Schropp &
Isidor 2008).

Table 5 summarizes the data on changes
in soft tissue dimensions evaluated in three
studies. The changes in keratinized mucosa
width, marginal
height, were only evaluated in one study
(Cosyn & De Rouck 2009). The Danish

recession and papilla

6 | ciin. Oral Impl. Res. 0, 2011 / 1-13

study only evaluated the papilla height
using the Jemt modified index (Schropp
et al. 2003a, 2003b).

The results tended to favour the delayed
protocol, demonstrating greater keratinized
mucosa width, less recession, greater mesial
and distal papilla height (Cosyn & De Rouck
2009) and greater percentage of papilla fill
(Schropp et al. 2005a, 2005b), although statis-
tically significant
reached when evaluating the distal papilla
height (P = 0.001), and in this study, the com-
made with a contralateral

differences were only

parison was
untreated control, rather than an implant-sup-
ported restoration (Cosyn & De Rouck 2009).
Table 6 the data on the
changes in the peri-implant tissues reported
in three studies (Schropp et al. 2003a, 2003b;
Schropp & Isidor 2008; Cosyn & De Rouck
2009) evaluated through measurements of

summarizes

PPD, BoP and plaque scores around the
selected implants.

In the Belgian study (Schropp & Isidor
2008), implant-supported restorations demon-
strated worse peri-implant tissue outcomes
than the contralateral unrestored teeth, dem-
onstrating higher plaque scores and statisti-
cally significant higher BoP scores in the
control group (P = 0.001).
the Danish group
reported data on probing depths at 2 years
(Schropp et al. 2003a, 2003b) and 5 years
(Schropp & Isidor 2008) after the implant-
supported restoration. A continuous PPD

The studies from

reduction was observed from baseline to 2
and 5 years, with no differences between
groups. For buccal and lingual sites, the test
group (early protocol) showed a trend for a
greater reduction in PPD than the control
group (delayed protocol), whereas at the

© 2011 John Wiley & Sons A/S
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NA

3.3 -1.8 0.27 1.2 2.1 -0.9 0.27 NA NA NA NA 61.6 38.2 —14 0.27 NA NA NA

1.5

Schropp et al.

(2003a, 2003b

Diff., difference between the control and the test results: a positive figure means a greater value for the control group; NA, not available.

*

P < 0.05 was considered statistically significant.

Table 5. Outcome variables: changes in soft tissue dimensions, expressed as mean (SD)

Jemt modified index (%)

Distal papilla height

Mesial papilla height

Recession

Keratinized mucosa width

P-value
>0.05

Test Diff.
12

25

Control
37

Test Diff. P-value
NA NA

NA

Control
NA

Test Diff. P-value
NA NA

NA

Control
NA

Test Diff. P-value
NA NA

NA

Control
NA

Test Diff. P-value
NA NA

NA

Control
NA

Publication

Schropp et

al. (2005a)
Schropp &

NA

26

29

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Isidor (2008)

Cosyn & De

+0.2 0.673 0.1 0.2 +0.3 0.362 3.7 31 +0.4 NA 3.5 25 +1(1)  0.001" NA NA NA NA

5.3

5.5

(0.9)

(0.8)

(0.9)

(0.9) (1.2)

(0.9)

(1.8)

(1.8)

(1.9)

Rouck (2009)

Diff., difference between the control and the test results: a positive figure means a greater value for the control group; NA, not available.

*

P < 0.05 was considered statistically significant.

Sanz et al - Early implant placement

mesial and distal sites, the changes favoured
the control group.

Two studies reported data on patient satis-
faction, both using a visual-analogical scale
(VAS) (Schropp & Isidor 2008), although one
also utilized a structured questionnaire (Sch-
ropp et al. 2004). At the 2-year evaluation,
significantly higher patient satisfaction was
reported in the test group, although these dif-
ferences disappeared at 5 years (Table 7).

Table 8 reports the data on implant out-
comes. Implant success defined after the
Smith & Zarb (1989) criteria was reported in
one study (Cosyn & De Rouck 2009). All
implants placed were successful, although
comparisons could not be done, as the con-
trol group was contralateral natural teeth.
Implant survival was reported in the rest of
the selected studies (Nemcovsky et al. 2000;
Nemcovsky & Artzi 2002; Schropp et al.
2003a, 2003b, 2005a, 2005b; Schropp & Isidor
2008). In the control groups, the survival per-
centages ranged from 95% to 97.5%, in com-
parison with the test groups from 91% to
100%.

Four studies reported data on postoperative
complications (Nemcovsky et al. 2000; Nem-
covsky & Artzi 2002; Schropp et al. 2003a,
2003b; Cosyn & De Rouck 2009). The early
implant placement group demonstrated less
postoperative complications in one study (8%
vs. 31.8%) (Nemcovsky & Artzi 2002),
whereas in the Danish studies, the opposite
results was reported (13% vs. 0%) (Schropp
et al. 2003a, 2003b, 2004, 2005a, 2005b; Sch-
ropp & Isidor 2008). Complications were not
comparable because in each study different
postoperative complications were evaluated.
In the Danish studies (Schropp et al. 2003a,
2003b), the most common complication in
the test group was the temporary affection of
the dental nerve in two cases with implants
placed in the posterior mandible, whereas in
the study by Nemcovsky & Artzi (2002), the
most common complication was the early
exposure of the healing screw. At the same
time, Nemcovsky et al. (2000) reported that
complications were more frequent when two
contiguous implants were placed, whereas
Cosyn & De Rouck (2009) described early
exposure of the membrane in 4% of the
cases.

Table 9 depicts data on crown dimensions.
In the Danish studies, a significant difference
favouring the early placement group was
reported at the 1.5-year follow up (Schropp
et al. 2005a, 2005b). These differences, how-
ever, decreased with time (Schropp & Isidor
2008). (Cosyn & De Rouck 2009) reported

data on crown dimensions comparing

7 | Clin. Oral Impl. Res. 0, 2011 / 1-13
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Table 6. Outcome variables: changes in clinical peri-implant outcomes, expressed as mean (SD)

Plaque score (%) % BoP PPD all sites

Publication Control Test Diff. P-value  Control Test Diff. P-value  Control Test Diff. P-value

Schropp et al. NA NA NA NA NA NA NA NA NA NA NA NA
(2005a)

Schropp & Isidor NA NA NA NA NA NA NA NA NA NA NA
(2008)

Cosyn & De Rouck 18 (25) 14 (17)  +4 (19) 0.305 9 (16) 27 (21) —18 (21) 0.001" 2.3 (0.3) 3.2 (0.6) -0.9(0.7) 0.001"
(2009)

PPD mesial PPD distal PPD buccal PPD lingual

Publication Control Test Diff. P-value Control Test Diff. P-value Control Test Diff. P-value Control Test Diff. P-value

Schropp et al. 0.2 06 04 0.24 0.2 03 -0.1 0.66 0.2 05 03 0.16 0.6 1.4 08 0.06
(2005a)

Schropp & Isidor 0.1 05 -04 048 0.1 0.5 -04 048 0.5 1.1 0.6 0.12 0.7 1.5 0.8 0.29
(2008)

Cosyn & De Rouck NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
(2009)

PPD, probing pocket depth; BoP, bleeding on probing; Diff, difference between the control and the test results: a positive figure means a greater value for

the control group; NA, not available.
P < 0.05 was considered statistically significant.

implant-supported restorations with the con-
tralateral teeth. Clinical crown length was
not significantly different between implant
crowns and teeth, although in terms of
crown, width differences almost reached the
level of significance. The buco-lingual dimen-
sion was on average, 0.4 mm smaller for
implant-supported crowns, when compared
with contralateral teeth, these differences
being statistically significant.

Meta-analysis was carried out for the eval-
uation of the primary outcomes, as well as in
the secondary outcome variable implant sur-
vival, by comparing the early placement pro-
tocol (IDP) and the delayed protocol (DP).
With regard to the primary outcome (hard tis-
sue changes), only two of the included stud-
ies (Nemcovsky & Artzi 2002; Schropp et al.
2003a, 2003b) showed similar comparisons
and reported the same outcome variables: the
reduction in defect bone height and the
reduction in defect bone width. As the size
of the defects of the two groups was different
at baseline, the percentage of reduction, cal-
culated as (size at baseline — size at second
stage surgery)/size at baseline x 100, was
used as outcome variable. Fig. 2 shows the
forest plots depicting the percentage reduc-
tion in defect bone height. Both studies
showed a greater percentage of reduction in
defect height in the early group than in the
delayed group. In the Danish study (Schropp
et al. 2003a, 2003b), a non-significant mean
difference of 8.4% (95% CI: from —21.91 to
38.71) was observed between groups. In the
Israeli study, a significant difference of
13.6% (95% CI. from 3.85 to 23.35) was

8 | ciin. Oral Impl. Res. 0, 2011 / 1-13

reported (Nemcovsky & Artzi 2002). The
combined result (fixed effects model) was

13.11% (95% CL from 3.83 to 22.4;
P =0.057), without detecting significant het-
erogeneity (> =0%; T =0; Q-test P-

value = 0.749). Even though the sample sizes
in the two groups from both studies were
similar, the variability of the data was differ-
ent. The Israeli study reported smaller stan-
dard deviations, and hence, the relative
weights of the two studies were 90.6% and
9.4% respectively (Nemcovsky & Artzi 2002;
Schropp et al. 2003a, 2003b). As only two
studies were available, no further analyses
(such as cumulative meta-analysis, sensitiv-
ity analysis, publication bias) were per-
formed.

Figure 3 shows the forest plots depicting
the percentage reduction in defect bone
width. Both studies found a greater percent-
age of reduction in defect width in the early
group compared with the delayed group,
whereas in the Danish study, the difference
of 20.5% between test and control groups
(95% CI: from —17.87 to 58.87) was not sta-
tistically significant (Schropp et al. 2003a,
2003b); in the Israeli study a smaller percent-
age reduction 19.83% (95% CI: from 13.85 to
25.81) was statistically significant (Nemcov-
sky & Artzi 2002). The global mean differ-
ence after combining both studies (fixed
effects model) was 19.85% (95% CI: from
13.93 to 25.76; P = 0.000). No heterogeneity
was detected (> =0%; v =0; Q-test P-
value = 0.973). Due to the considerable vari-
ability of the data reported by (Schropp et al.
2003a, 2003b), its relative weight to the

meta-analysis was 2.37%. The study of
(Nemcovsky & Artzi 2002) provided 97.63%
of the global estimation.

Figure 4 shows the forest plots depicting
the percentage in implant survival from the
two studies reporting similar follow-up peri-
ods (Nemcovsky & Artzi 2002; Schropp et al.
2005a, 2005b). Comparisons were computed
with a constant continuity correction
(k =0.5) for studies with zero events, as
Nemcovsky reported no implant failure in
the early placement group. Although the sur-
vival rates were higher in the test group, the
differences between the test and control
groups were not significant (RR = 1.02, 95%
CL: 0.96-1.1). The Danish study (Schropp
et al. 2005a, 2005b), however, showed the
opposite results, with a higher survival rate
for the delayed group, also non-significant
(RR = 0.95, 95% CI: 0.82-1.11). No heteroge-
neity was present (I> = 0%; 1> = 0; Q-test P-
value = 0.411), and thus, the fixed effects
model was chosen. The pooled RR was 1.01
(95% CL 0.95-1.08; P = 0.698), showing that
the implant survival percentages were very
similar for both protocols. The relative
weights of each study differed, being 16.38%
for Schropp et al. (2005a, 2005b) and 83.62%
for Nemcovsky & Artzi (2002), as the num-
ber of implants in the study by Nemcovsky
& Artzi (2002) (nppp = 39; npp = 40) almost
doubled the number of implants used by Sch-
ropp (2005a, 2005b) (npp = 23;
npp = 23), which also showed wider confi-

et al.
dence intervals.
Tables 10 and 11 depict the quality criteria

used to evaluate the quality of the selected

© 2011 John Wiley & Sons A/S
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Diff., difference between the control and the test results: a positive figure means a greater value for the control group; NA, not available.

*

P < 0.05 was considered statistically significant.

Sanz et al - Early implant placement

Table 8. Outcome variables: implant survival, success (according to Smith & Zarb 1989) and compli-

cations rate

% Implant % Implant % Postopertaive

success survival complication
Publication Control Test Control Test Control Test
Nemcovsky et al. (2000) NA NA 100 NA 0 NA
Nemcovsky & Artzi (2002) NA NA 100 97.5 8 31.8
Schropp et al. (2003a, 2003b) NA NA 91 96 13 0
Schropp et al. (2004) NA NA NA NA NA NA
Schropp et al. (2005a) NA NA NA NA NA NA
Schropp et al. (2005b) NA NA 91 96 NA NA
Schropp & Isidor (2008) NA NA 91 95 NA NA
Cosyn & De Rouck (2009) 100 - NA NA 4 NA

NA, not available.

RCTs and prospective cohort and case—con-
trol retrospective studies. The evaluation of
the quality of the RCT indicates that it has a
high potential of bias (Schropp et al. 2003a,
2003b; Schropp et al. 2004; Schropp et al.
2005a, 2005b; Schropp & 2008),
whereas the prospective cohort study (Nem-

Isidor

covsky & Artzi 2002) and the case-control
retrospective study (Cosyn & De Rouck
2009) were categorized as poor quality stud-
ies.

Discussion

The results from this systematic review sug-
gest that the early implant placement proto-
col may offer advantages with regard to
preserving the hard and soft tissues around
the implants. The meta-analysis demon-
strated a pooled mean difference between
groups of 13.11% reduction in defect bone
height, and 19.85% of reduction of defect
bone width favouring the early placement
group. The results from this meta-analysis,
however, should be interpreted with caution,
as only two studies were combined.
Although no statistical heterogeneity was
found when combining the studies, the Q
statistic and I?> index used have a limited
power to detect true heterogeneity among
studies when the meta-analysis includes a
small number of studies (Cornwell 1993).
The imbalance in the relative weights of each
pair of combined studies is another factor
that may affect the validity of this meta-anal-
ysis.

The preservation of the width and height
of the bone around an implant may not be
critical in our ability to place a dental
implant or in the long-term success and sur-
vival of the implant-supported restorations,
but it may be of great relevance when
implants are placed to restore missing teeth

in aesthetically relevant areas. This aesthetic

challenge is based on a variety of local risk
factors that are often present in the anterior
maxilla. Recent studies have clearly shown
that the facial bone in the anterior maxilla is
usually very thin (<1 mm) (Huynh-Ba et al.
2010; Januario et al. 2011), and experimental
and clinical studies have demonstrated that
thin buccal bone will be quickly resorbed
within 4-8 weeks following tooth extraction
leading to a reduction in bone height (Sch-
ropp et al. 2003a, 2003b; Araujo & Lindhe
2005; Nevins et al. 2006). This fact clearly
underlines the need of bone augmentation
whenever implants are placed in critically
aesthetic areas in the anterior maxilla. All
these factors make this implant placement
protocol very attractive, because it not only
preserves the bone height and width of the
ridge, when compared with the delayed pro-
tocol, as shown in this systematic review but
also provides enough keratinized mucosa to
allow for a successful bone augmentation
procedure during the implant placement. The
results of augmentation techniques depend
on a tension-free primary wound closure,
which would protect the biomaterials and
regenerative technologies utilized. During
the healing period of 4-8 weeks after tooth
extraction, an additional amount of kerati-
nized mucosa will develop in the extraction
site (Schropp et al. 2003a, 2003b) that will
enable the elevation of an intact flap and a
tension-free closure without altering the mu-
cogingival line, when the implants are placed
with this early placement protocol, also
allowing for the required bone augmentation
technique in conjunction with the placement
of the implant.

Within this context of improved aesthetic
results, the assessment of patient-related
becomes very important. In this systematic
review, two studies reported data on patient
satisfaction, although no data pooling was
possible. Two studies assessed the same pop-
ulation at two different follow-up periods, at

9 | Clin. Oral Impl. Res. 0, 2011 / 1-13
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Diff., difference between the control and the test results: a positive figure means a greater value for the control group; NA, not available.

*

P < 0.05 was considered statistically significant.
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Fig. 4. Meta-analysis: implant survival.

% reduction bone height %
Study Weight
D WMD (95% CI) (V)
Schropp (2003) + B.40 (=21.81,3871) 9.38
Nemcovsky (2002) — 13.60 (3.85,23.35) 9062
IV overall (Fsquared =0.0%, P = 0.749) <> 13.11 (3.83,22.40) 100,00
D+L overall <> 13.11 (3,83, 22.40)
T L
387 387
Fig. 2. Meta-analysis: changes in bone height.
% reduction bone width %
Study Weight
o] WMD (95% CI) V)
Schropp (2003) 20.50 (-=17.87, 58.87) 2.37
Memcovsky (2002) — 19.83 (13.85, 25.81)  97.63
|-V overall (-squared = 0.0%, P = 0.973) <> 18.85 (13.93, 25.76) 100.00
D+L overall <> 19.85 (13.93, 25.76)
] ]
=58.9 589
Fig. 3. Meta-analysis: changes in bone width.
%
Study Weight
D AR (95% G (V)
Schropp (2005) - 0.95 (0.82, 1.11) 16.38
Memcovsiy (2002) —_— 1.02 (0.96, 1.10) 8362
IV overall {-squared = 0.0%, P=0.411) <::> 1.01 {0.95, 1.08) 100,00
D+L overall <:> 1.01 (0.5, 1.08)
T T
0.819 1 1.22
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Table 10. Quality assessment: randomized clinical trials
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Adequate Incomplete Free of

sequence Allocation outcome data selective Free of
Publication generation? concealment? Blinding? addressed? reporting? other bias? Risk of bias
Schropp et al. (2003a, 2003b) No Unclear Unclear Yes Yes No High potential
Schropp et al. (2004) No Unclear Unclear Unclear Yes No High potential
Schropp et al. (2005a) No Unclear Yes (single: examiner) No Yes No High potential
Schropp et al. (2005b) No Unclear Yes (single: examiner) Yes Yes No High potential
Schropp & Isidor (2008) No Unclear Yes (single: examiner) Yes Yes No High potential

Table 11. Quality assessment: observational studies

Inclusion/ Homogeneity Rationale Lost to Statistics: Addressing

exclusion between for study follow-up description/ lost/missing
Publication criteria groups size (%) confounding data Quality
Cosyn & De Rouck (2009) Yes No Unclear 6.3 No Not applicable Poor
Nemcovsky & Artzi (2002) No No Unclear 0 No Unclear Poor
Nemcovsky et al. (2000) No Not available Unclear Unclear No Unclear Poor

2 and 5 years (Schropp et al. 2004; Schropp &
Isidor 2008), while one other study (Cosyn &
De Rouck 2009) assessed the overall patient
aesthetic satisfaction, but the comparison
was not with another implant placement pro-
tocol, but with the contralateral natural
teeth. In both studies, patients showed a high
degree of satisfaction. In the Schroop studies,
at the 2-year follow-up (Schropp et al. 2004),
patients were significantly more satisfied
with the early placement protocol, both in
terms of the appearance with the restoration
and the overall experience with the treat-
ment. These differences, however, were lost
at the 5-year follow-up (Schropp & Isidor
2008).

Although the results in terms of aesthetic
outcomes and stability of soft tissues are very
limited in this systematic review, as these
outcomes were not measured in the selected
studies, several published prospective case
series have reported intermediate to long-
term excellent aesthetic results (Buser et al.
2008a, 2008b; Buser et al. 2009; Buser et al.
2011).

In a prospective case series replacing sin-
gle-tooth in the anterior maxilla using the
early placement protocol, aesthetic outcomes
were reported at 1 and 3 years after placing
the definitive crown using the PES aesthetic
(Belser 2009). Of 20
patients, only one (5%) patient demonstrated

score index et al.
minor mucosal recession between 0.5 and
1 mm at the 3-year examination (Buser et al.
2009; Buser et al. 2011). The stability of the
facial mucosa margin was also confirmed
clinically and mesured on casts. Similarly,
standardized periapical radiographs demon-
These

results confirm similar favourable data of a

strated minimal interdental bone.

© 2011 John Wiley & Sons A/S

previous retrospective study (Buser et al.
2008a, 2008b) in 45 patients using the same
surgical approach, also showing a low risk for
facial recession and minimal interdental bone
loss after 2-4 years of follow up. In these
studies, bone augmentation was always car-
ried out in conjunction with the placement
of the implant using the concept of GBR,
with the application of a combination of an
autogenous graft and a low-substitution bone
filler (deproteinized bovine bone mineral),
covered with a resorbable non-crosslinked
porcine collagen membrane.

This concept of bone augmentation with
the use of a xenogeneic bone graft and a
resorbable barrier membrane, in conjunction
with an early implant placement protocol,
was carried out in the study that provided
higher percentages in the pooled results for
the main outcome variables as shown in this
systematic review (Nemcovsky et al. 2002).

Even though the available scientific evi-
dence included in this systematic review
would support the use of the early implant
placement protocol, the inherent limitations
of the available data must be highlighted.
The most important limitation is the lim-
ited number of included investigations. Even
though eight studies were included in the
review, five of them reported different
results or different follow-up from the same
investigation (Schropp et al. 2003a, 2003b,
2004, 2005a, 2005b; Schropp & Isidor 2008)
and therefore, only data from four indepen-
dent investigations were analysed. Another
important limitation is the high heterogene-
ity among the studies, not only with regard
to its design and methodology, but also to
the definitions of the study groups and out-
come variables. After strictly following the

classification from the consensus workshop
defining the
implant installation after tooth extraction
(Hammerle et al. 2004), only the Israeli stud-
ies used a period of 4-7 weeks after tooth

three surgical protocols of

extraction to define the early placement
group (Nemcovsky et al. 2000; Nemcovsky
& Artzi 2002), whereas the five Danish stud-
ies (Schropp et al. 2003a, 2003b; Schropp
et al. 2004; Schropp et al. 2005a, 2005b; Sch-
ropp & Isidor 2008) placed the implants of
this treatment group between 1 day and
4 weeks after tooth extraction, and the Bel-
gium study (Cosyn & De Rouck 2009)
placed it between 6 and 8 weeks. To be
inclusive, we included all these healing peri-
ods after the tooth extraction as belonging
to the early placement group, but it is
impossible to know whether these different
placing times have any influence on the
reported results. Differences were even more
evident among the control groups. In the
Danish studies, the
defined as implants placed between 65 and
188 days 9-27 weeks),
whereas the Israeli studies allowed 6 months
(24 weeks) of healing, and the Belgium study
used as controls non-restored contralateral

control group was

(approximately

teeth. In addition, the quality assessment of
the included studies also does not allow for
strong conclusions, as the only RCT demon-
strated a high potential of bias, and both the
prospective cohort and case-control studies
were categorized as poor quality studies.

Within these limitations, the following
conclusions of this systematic review can be
drawn:

1. The early implant placement protocol
may offer advantages in terms of soft and
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hard tissues changes, when compared
with the delayed implant placement pro-
tocol.

References

Araujo, M.G. & Lindhe, J. (2005) Dimensional ridge
alterations following tooth extraction. An experi-
mental study in the dog. Journal of Clinical Peri-
odontology 32: 212-218.

Becker, W., Becker, B.E. & Caffesse, R. (1994) A
comparison of demineralized freeze-dried bone
and autologous bone to induce bone formation in
human extraction sockets. Journal of Periodontol-
ogy 65: 1128-1133.

Belser, U.C., Griitter, L., Vailati, F., Bornstein, M.
M., Weber, H.-P. & Buser, D. (2009) Outcome
evaluation of early placed maxillary anterior sin-
gle-tooth implants using objective esthetic crite-
ria: a cross-sectional, retrospective study in 45
patients with a 2- to 4-year follow-up using pink
and white esthetic scores. Journal of Periodontol-
ogy 80: 140-151.

Block, M.S. & Kent, J.N. (1991) Placement of endos-
seous implants into tooth extraction sites. The
International Journal of Oral and Maxillofacial
Surgery 49: 1269-1276.

Buser, D., Bornstein, M.M., Weber, H.P., Griitter,
L., Schmid, B. & Belser, U.C. (2008a) Early
implant placement with simultaneous guided
bone regeneration following single-tooth extrac-
tion in the esthetic zone: a cross-sectional, retro-
spective study in 45 subjects with a 2- to 4-year
follow-up. Journal of Periodontology 79: 1773-
1781.

Buser, D., Chen, S.T., Weber, H.P. & Belser, U.C.
(2008b) Early implant placement following single-
tooth extraction in the esthetic zone: biologic
rationale and surgical procedures. The Interna-
tional Journal of Periodontics e) Restorative Den-
tistry 28: 441-451.

Buser, D., Halbritter, S., Hart, C., Bornstein, M.
M., Grutter, L., Chappuis, V. & Belser, U.C.
(2009) Early implant placement with simulta-
neous guided bone regeneration following sin-
gle-tooth extraction in the esthetic zone: 12-
month results of a prospective study with 20
consecutive patients. Journal of Periodontology
80: 152-162.

Buser, D., Wittneben, J., Bornstein, M.M., Griitter,
L., Chappuis, V. & Belser, U.C. (2011) Stability of
contour augmentation and esthetic outcomes of
implant-supported single crowns in the esthetic
zone: 3-year results of a prospective study with
early implant placement postextraction. Journal
of Periodontology 82: 342-349.

Chen, S.T. & Buser, D. (2009) Clinical and esthetic
outcomes of implants placed in postextraction
sites. The International Journal of Oral & Maxil-
Iofacial Implants 24 (Suppl.): 186-217.

Chen, S.T., Wilson, T.G., Jr & Hammerle, C.H.
(2004) Immediate or early placement of implants
following tooth extraction: review of biologic
basis, clinical procedures, and outcomes. The
International Journal of Oral e Maxillofacial
Implants 19: 12-25.

12 | clin. Oral Impl. Res. 0,2011 / 1-13

2. In light of the scarcity and quality of the
available scientific evidence, well-designed,
high quality, randomized clinical trials are
needed to provide data allowing the estab-

Cochran, W.G. (1954) Some methods for strength-
ening the common x2 tests. Biometrics 10: 417—
451.

Cornwell, J.M. (1993) Monte carlo comparisons of
three tests for homogeneity of independent corre-
lations. Educational and Psychological Measure-
ment 53: 605-618.

Cosyn, J. & De Rouck, T. (2009) Aesthetic out-
come of single-tooth implant restorations fol-
lowing early implant placement and guided
bone regeneration: crown and soft tissue
dimensions compared with contralateral teeth.
Clinical Oral Implants Research 20: 1063-
1069.

Covani, U., Bortolaia, C., Barone, A. & Sbordone, L.
(2004) Bucco-lingual crestal bone changes after
immediate and delayed implant placement. Jour-
nal of Periodontology 75: 1605-1612.

von Elm, E., Altman, D.G., Egger, M., Pocock, S.J.,
Gotzsche, P.C. & Vandenbroucke, J.P. (2007a)
The strengthening the reporting of observational
studies in epidemiology (strobe) statement: guide-
lines for reporting observational studies. Lancet
370: 1453-1457.

von Elm, E., Altman, D.G., Egger, M., Pocock, S.J.,
Gotzsche, P.C. & Vandenbroucke, J.P. (2007b)
Strengthening the reporting of observational stud-
ies in epidemiology (strobe) statement: guidelines
for reporting observational studies. BM]J 335: 806—
808.

Esposito, M., Coulthard, P., Worthington, H.V. &
Jokstad, A. (2001) Quality assessment of random-
ized controlled trials of oral implants. The Inter-
national Journal of Oral e Maxillofacial
Implants 16: 783-792.

Esposito, M., Grusovin, M.G., Polyzos, LP., Felice,
P. & Worthington, H.V. (2010) Interventions for
replacing missing teeth: dental implants in fresh
extraction sockets (immediate, immediate-
delayed and delayed implants). Cochrane Data-
base of Systematic Reviews: CD005968.

Esposito, M., Hirsch, ].M., Lekholm, U. & Thom-
sen, P. (1998) Biological factors contributing to
failures of osseointegrated oral implants. (i). Suc-
cess criteria and epidemiology. European Journal
of Oral Sciences 106: 527-551.

Fugazzotto, P.A. (2005) Success and failure rates of
osseointegrated implants in function in regener-
ated bone for 72 to 133 months. The Interna-
tional Journal of Oral e Maxillofacial Implants
20: 77-83.

Hammerle, C.H., Chen, S.T. & Wilson, T.G., Jr
(2004) Consensus statements and recommended
clinical procedures regarding the placement of
implants in extraction sockets. The International
Journal of Oral & Maxillofacial Implants 19
(Suppl.): 26-28.

Harris, R.P., Helfand, M., Woolf, S.H., Lohr, K.N.,
Mulrow, C.D., Teutsch, S.M. & Atkins, D. (2001)
Current methods of the us preventive services

lishment of clinical recommendations

regarding implant placement protocols after
tooth extraction.

task force: a review of the process. American
Journal of Preventive Medicine 20: 21-35.

Higgins, J.P.T. & Green, S. (eds). (2011) Cochrane
Handbook for Systematic Reviews of Interven-
tions Version 5.1.0 [updated March 2011]. The
Cochrane Collaboration. Available from www.
cochrane-handbook.org (accessed 31 May 2010).

Higgins, J.P.T., Thompson, S.G., Deeks, J.J. & Alt-
man, D.G. (2003) Measuring inconsistency in
meta-analysis. BMJ 327: 557-560.

Huynh-Ba, G., Pjetursson, B.E., Sanz, M., Cecchina-
to, D., Ferrus, J., Lindhe, J. & Lang, N.P. (2010)
Analysis of the socket bone wall dimensions in
the upper maxilla in relation to immediate
implant placement. Clinical
Research 21: 37-42.

Janket, S.J., Baird, A.E., Chuang, S.K. & Jones, J.A.
(2003) Meta-analysis of periodontal disease and

Oral Implants

risk of coronary heart disease and stroke. Oral
Surgery, Oral Medicine, Oral Pathology, Oral
Radiology and Endodontics 95: 559-569.

Januario, A.L., Duarte, W.R., Barriviera, M., Mesti,
J.C., Araujo, M.G. & Lindhe, J. (2011) Dimension
of the facial bone wall in the anterior maxilla: a
cone-beam computed tomography study. Clinical
Oral Implants Research 22: 1168-1171.

Jemt, T. (1997) Regeneration of gingival papillae
after single-implant treatment. The International
Journal of Periodontics e) Restorative Dentistry
17: 326-333.

Kan, J.Y., Rungcharassaeng, K., Sclar, A. & Lozada,
J.L. (2007) Effects of the facial osseous defect mor-
phology on gingival dynamics after immediate
tooth replacement and guided bone regeneration:
1-year results. The International Journal of Oral
and Maxillofacial Surgery 65: 13-19.

Moher, D., Liberati, A., Tetzlaff, J. & Altman, D.G.
(2009) Preferred reporting items for systematic
reviews and meta-analyses: the prisma statement.
Journal of Clinical Epidemiology 62: 1006-1012.

Needleman, 1. (1999) Consort. Consolidated stan-
dards of reporting trials. British Dental Journal
186: 207.

Nemcovsky, C.E. & Artzi, Z. (2002) Comparative
study of buccal dehiscence defects in immediate,
delayed, and late maxillary implant placement
with healing
between placement and second-stage surgery.
Journal of Periodontology 73: 754-761.

Nemcovsky, C.E., Artzi, Z., Moses, O. & Gelernter,
1. (2000) Healing of dehiscence defects at delayed-
immediate implant sites primarily closed by a
rotated palatal flap following extraction. The
International Journal of Oral e Maxillofacial
Implants 15: 550-558.

Nemcovsky, C.E., Artzi, Z., Moses, O. & Gelernter,
1. (2002) Healing of marginal defects at implants

collagen membranes: clinical

placed in fresh extraction sockets or after 4-
6 weeks of healing. A comparative study. Clini-
cal Oral Implants Research 13: 410-419.

© 2011 John Wiley & Sons A/S



Nevins, M., Camelo, M., De Paoli, S., Friedland, B.,
Schenk, R.K. Parma-Benfenati, S., Simion, M.,
Tinti, C. & Wagenberg, B. (2006) A study of the
fate of the buccal wall of extraction sockets of
teeth with prominent roots. The International
Journal of Periodontics e Restorative Dentistry
26: 19-29.

Paraskevas, S., Huizinga, ].D. & Loos, B.G. (2008) A
systematic review and meta-analyses on c-reac-
tive protein in relation to periodontitis. Journal of
Clinical Periodontology 35: 277-290.

Rosenquist, B. & Ahmed, M. (2000) The immediate
replacement of teeth by dental implants using
homologous bone membranes to seal the sockets:
clinical and radiographic findings. Clinical Oral
Implants Research 11: 572-582.

Rosenquist, B. & Grenthe, B. (1996) Immediate
placement of implants into extraction sockets:
implant survival. The International Journal of
Oral e Maxillofacial Implants 11: 205-209.

Ross, S.E., Crossetti, H.W., Gargiulo, A.W. & Leda-
kis, J.S. (1989) The use of the ross implant in an
immediate extraction site. CDS Review 82: 64-68.

Sanz, M., Cecchinato, D., Ferrus, J., Pjetursson, E.B.,
Lang, N.P. & Lindhe, J. (2009) A prospective, ran-
domized-controlled clinical trial to evaluate bone
preservation using implants with different geome-
try placed into extraction sockets in the maxilla.
Clinical Oral Implants Research 21: 13-21.

Schropp, L. & Isidor, F. (2008) Clinical outcome and
patient satisfaction following full-flap elevation
for early and delayed placement of single-tooth
implants: a 5-year randomized study. The Inter-
national Journal of Oral e Maxillofacial
Implants 23: 733-743.

Schropp, L., Isidor, F., Kostopoulos, L. & Wenzel, A.
(2004) Patient experience of, and satisfaction

© 2011 John Wiley & Sons A/S

with, delayed-immediate vs. Delayed single-tooth
implant placement.
Research 15: 498-503.
Schropp, L., Isidor, F., Kostopoulos, L. & Wenzel, A.
(2005a) Interproximal papilla levels following

Clinical Oral Implants

early versus delayed placement of single-tooth
implants: a controlled clinical trial. The Interna-
tional Journal of Oral e Maxillofacial Implants
20: 753-761.

Schropp, L., Kostopoulos, L. & Wenzel, A. (2003a)
Bone healing following immediate versus delayed
placement of titanium implants into extraction
sockets: a prospective clinical study. The Interna-
tional Journal of Oral e Maxillofacial Implants
18: 189-199.

Schropp, L., Kostopoulos, L., Wenzel, A. & Isidor, F.
(2005b) Clinical and radiographic performance of
delayed-immediate single-tooth implant place-
ment associated with peri-implant bone defects.
A 2-year prospective, controlled, randomized fol-
low-up report. Journal of Clinical Periodontology
32: 480-487.

Schropp, L., Wenzel, A., Kostopoulos, L. & Karring,
T. (2003b) Bone healing and soft tissue contour
changes following single-tooth extraction: a clini-
cal and radiographic 12-month prospective study.
The International Journal of Periodontics e
Restorative Dentistry 23: 313-323.

Schulz, K.F., Altman, D.G. & Moher, D. (2010a)
Consort 2010 statement: updated guidelines for
reporting parallel group randomized
Obstetrics and Gynecology 115: 1063-1070.

Schulz, K.F., Altman, D.G. & Moher, D. (2010b)
Consort 2010 statement: updated guidelines for
reporting parallel group randomised trials. Journal
of Clinical Epidemiology 63: 834-840.

trials.

Sanz et al - Early implant placement

Smith, D.E. & Zarb, G.A. (1989) Criteria for success
of osseointegrated endosseous implants. Journal
of Prosthetic Dentistry 62: 567-572.

Stroup, D.F., Berlin, J.A., Morton, S.C., Olkin, I.,
Williamson, G.D., Rennie, D., Moher, D., Becker,
B.J., Sipe, T.A. & Thacker, S.B. (2000) Meta-analy-
sis of observational studies in epidemiology: a
proposal for reporting. Meta-analysis of observa-
tional studies in epidemiology (moose) group.
JAMA 283: 2008-2012.

Takeshita, F., Iyama, S., Ayukawa, Y., Suetsugu,
T. & OQOishi, M. (1997) Abscess formation
around a hydroxyapatite-coated implant placed

into the extraction socket with autogenous
bone graft. A histological study using light
microscopy, image processing, and confocal

laser scanning microscopy. Journal of Periodon-
tology 68: 299-305.

Ten Heggeler, J.M., Slot, D.E. & Van der Weijden,
G.A. (2010) Effect of socket preservation therapies
following tooth extraction in non-molar regions
in humans: a systematic review. Clinical Oral
Implants Research, 22: 779-788.

Tobias, A. (1999) Preferred reporting items for sys-
tematic reviews and meta-analyses: the prisma
statement. Stata Techical Bulletin 47: 15-17.

Yukna, R.A. (1991) Clinical comparison of hydroxy-
apatite-coated titanium dental implants placed in
fresh extraction sockets and healed sites. Journal
of Periodontology 62: 468-472.

Zitzmann, N.U., Scharer, P. & Marinello, C.P.
(1999) Factors influencing the success of gbr.
Smoking, timing of implant placement, implant
location, bone quality and provisional restora-
tion. Journal of Clinical Periodontology 26: 673
—682.

13 | clin. Oral Impl. Res. 0,2011 / 1-13





