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Abstract

Background: Type | immediate implant placement has gained popularity because it may reduce
treatment time, number of surgeries and post-extraction bone loss. However, this is potentially
challenged by inadequate keratinized mucosa for flap adaptation and difficulties in achieving
primary stability. Moreover, it has been proven that post-extraction bone loss is an inevitable
biological process, which affects treatment outcomes.

Objectives: To estimate survival and success rates of implants and the implant-supported
prostheses, the prevalence of biological, technical and aesthetic complications, and the magnitude
of soft and hard tissue changes following implant placement immediately into fresh extraction
sockets.

Material and methods: An electronic search in MEDLINE (PubMed) and the Cochrane Library from
1991 to July 2010 was performed to include prospective studies on immediate implants with a
mean follow-up time of at least 1 year. The survival rates were computed using the STATA
statistical software. Weighted means of soft and hard tissue changes were obtained by the inverse
variance method.

Results: A total of 46 prospective studies, with a mean follow-up time of 2.08 years, were
included. The annual failure rate of immediate implants was 0.82% (95% Cl: 0.48-1.39%),
translating into the 2-year survival rate of 98.4% (97.3-99%). Among the five factors analysed
(reasons for extraction, antibiotic use, position of implant [anterior vs. posterior, maxilla vs.
mandible), type of loading], only the regimen of antibiotic use affected the survival rate
significantly. Lower failure rates were found in groups that were provided with a course of post-
operative antibiotics. The success of implant therapy was difficult to assess due to scarce reporting
on biological, technical and aesthetic complications. Soft tissue changes occurred mostly in the first
3 months after the provision of restoration, and then stabilized towards end of the first year.
Marginal bone loss predominantly took place in the first year after implant placement, with a
magnitude generally less than 1 mm. Controversy on hard tissue preservation with platform-
switching technique remained unsolved.

Conclusions: Despite the high survival rate observed, more long-term studies are necessary to
determine the success of implant treatment provided immediately after tooth extraction. Special
attention has to be given to aesthetic outcomes.

Forty years ago, the first dental implant to
replace a missing tooth in human oral cav-
ity was reported (Brinemark et al. 1969). It
was a sensational breakthrough in dentistry
as it marked a new era to restore chewing
function and aesthetics. Ever since, implant
dentistry developed emphasizing aspects like
dental materials, surface chemistry (Jansen
et al. 1991; Klokkevold et al. 1997; Lazzara
et al. 1999; Salvi et al. 2004, surface charac-

teristics (Carlsson et al. 1988); Buser et al.
1991; Abrahamsson et al. 2004), as well as
soft and hard tissue biology. The technique
of placing titanium oral implants in healed
edentulous sites and subsequently restoring
the implant with a prosthesis has been recog-
nized to be a highly predictive treatment
for fully and partially edentulous patients.
survival rate of

In general, the 5-year

implants is approximately 95%, and the
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10-year survival rate is greater than 89% (Pje-
tursson et al. 2004). Nevertheless, over the
years, researchers tried to minimize the treat-
ment time needed and hence, timing of
implant placement has recently drawn a large
share of attention.

As the debate in timing of implant place-
ment increased, the following new classifica-
tion based on morphologic, dimensional and
histologic changes that follow tooth extrac-
tion was proposed at the Third ITI Consensus
Conference (Himmerle et al. 2004):

® Type 1: Immediate placement: an implant
is placed immediately in an extraction
socket as part of the same procedure with
no healing of bone or soft tissues.

® Type 2: Early placement (typically 4-
8 weeks of healing) with some soft tissue
healing: the post-extraction
healed soft tissue coverage of the alveolus
but without significant bone healing.

site has

® Type 3: Early placement with partial bone
healing (typically 12-16 weeks of heal-
ing): The post-extraction site has both
healed soft tissues
degree of bone healing.

® Type 4. Late placement (more than
6 months after extraction): implant place-

and a significant

ment in a fully healed edentulous site.

Previously, practitioners allowed a socket
healing time of 12 months or longer before
placing dental implants to restore an edentu-
lous space (Adell et al. 1981). Such a lag time
brought the patient compromised comfort,
function, and aesthetics. In 1978, the first
report of a situation, in which the extraction
followed by the placement of an implant into
the fresh socket at the same appointment,
was described as the “Tiirbingen immediate
implant” (Schulte et al. 1978). This method
reduced the number of dental appointments,
the time of treatment and the number of sur-
geries required.

While immediate implant placement may
yield attractive advantages, it has inherent
disadvantages. The potential lack of kerati-
nized mucosa for flap adaptation makes pri-
mary closure more difficult to be achieved in
Type 1 than other types of implant place-
ment. Moreover, the incongruity of size and
shape between implants and extraction sock-
ets presents challenges to primary implant
stability. While initial implant stability is
obtained by intimate contact with the pris-
tine bone in healed sites, residual bony
defects always exist around implants in Type
1 immediate implantation. Consequently,
primary stability is only achieved by anchor-
ing the implant in the apical bony region (3
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-4 mm), where cancellous bone predomi-
nates. Moreover, although both animal (Ara-
ujo et al. 2005) and human studies (Covani
et al. 2004a) show that spontaneous bone
fill occurs in the peri-implant marginal
defects after 3-4 months when the defect size
is 2 mm or less, immediate implant placement
cannot prevent intra- and extra-alveolar model-
ling and remodelling leading to the inevitable
vertical and horizontal reduction in both
buccal and lingual alveolar bony walls, con-
spicuously in the buccal aspect. Such bio-
logical changes imply higher risk of marginal
mucosal recession after immediate implant
placement, and hence, non-aesthetic restora-
tions in areas of aesthetic priority may result,
especially when the facial socket wall and
tissue biotype are thin (De Rouck et al. 2008b).

In the immediate
implants the
dilemma between the difficulty in achieving
primary stability if placed in the centre of

posterior  region,

may also be exposed to

the socket or a substantial defect if posi-
tioned leaning towards either wall of the
socket. Consequently, more questions are
invited such as the minimum dimension of
defects in need of grafting (Botticelli et al.
2003), subsequently the choice of grafting
material as well as the risk in graft exposure
and management. All these aspects related to
immediate implants could possibly lower the
survival rate of the implant.

In a series of systematic reviews (Pjeturs-
son etal. 2004, 2007; Jung et al. 2008),
survival and complication rates of fixed den-
tal prosthesis, formerly “fixed partial den-
tures” (FPDs) and single crowns supported by
oral implants were estimated. The 5-year sur-
vival rate of implants was >95% and that of
FPDs and SCs were approximately 95%.
Technical and biological complications were
reasonably prevalent. In the review concern-
ing peri-implant diseases (Zitzmann & Bergl-
undh 2008), it was found that after 5
-10 years in function, peri-implant mucositis
occurred in approximately 80% of the sub-
jects and in 50% of the implants. Peri-im-
in 28-56% of the
subjects and 12-43% of the implants.

plantitis was found
In a recent Cochrane systematic review,

success, complications, aesthetics and
patient satisfaction among different timing
of implant placement (immediate, immedi-
ate-delayed and delayed) after tooth extrac-
tion were evaluated (Esposito et al. 2010).
Two studies of parallel group design, com-
paring immediate and delayed implant
placement were included in this review.
The meta-analysis of the two trials did not

show any statistically significant difference

between the two groups regarding prosthesis
and implant failures. Concerning immediate
vs. immediate-delayed implant placement
only one trial was included in the review.
There were eight patients in each group.
Two years after implant placement, no
implant failure and complications occurred,
and no statistically significant difference
was found with respect to the level of peri-
implant marginal mucosa and marginal bone
level changes. Based on the few under-pow-
ered trials, it was concluded that there was
insufficient evidence to determine possible
advantages or disadvantages of immediate,
immediate-delayed or delayed implants
(Esposito et al. 2010).

Therefore, the main objectives of this sys-
tematic review are to quantitatively estimate
the survival and success rates of immediate
implants and the implant-supported prosthe-
sis, the prevalence of biological, technical
and aesthetic complications, and the magni-
tude of soft and hard tissue changes following
implant placement in fresh extraction sock-

ets (Type 1).

Material and methods

Search strategy

An electronic search in MEDLINE (PubMed)
and the Cochrane library from January 1991
to July 2010 was performed using the follow-
ing search terms:

{Intervention}

[immediate implant*] OR [immediate
implant  placement*] OR [(immediate
implant*] AND (extraction socket*)] OR
[immediate implant installation*] OR [early
implant placement*] OR [early implant
installation]

and in combination with the outcome
{Outcome}

[survival] OR [complication*] OR [failure*]

Moreover, manual searches of the biliogra-
phies of all full text articles and the follow-
ing journals from January 2000 to December
2010 were also conducted:

® (Clinical Oral Implants Research

® [International Journal of Oral & Maxillo-

facial Implants

Journal of Clinical Periodontology

Journal of Periodontology

Journal of Prosthetic Dentistry

Clinical Implant Dentistry e Related

Research

® [nternational Journal of Periodontics e)
Restorative Dentistry

® [nternational Journal of Prosthodontics.

© 2011 John Wiley & Sons A/S



Inclusion criteria
The studies to be selected had to yield the
following inclusion criteria:

® English publications in the dental litera-
ture

® Human adults (>18 years old) in good
general health

® RCTs, prospective cohort studies and case
series with a minimum of 10 subjects in
the immediate implant placement group

® Studies with a mean follow-up time
> 12 month following implant placement

® Studies reporting survival rates of the
immediate implants

® Studies without multiple interventions (e.
g. sinus augmentation via the transalveo-
lar approach)

® Studies which clearly state timing of res-
torations or loading protocol.

Selection of studies

After the electronic search, two independent
reviewers (K. Y. L. and L. P.) screened all
titles and determined the number of abstracts
to be evaluated. Following this, the two inde-
pendent
abstracts for possible inclusion in the review

reviewers screened all selected
and determined the selection of full-text arti-
cles. The full texts of all studies of possible
relevance were then obtained for independent
assessment by the reviewers. Any disagree-
ment was resolved by discussion. The «-val-
ues were 0.85 and 0.76 at the title and
abstract levels, respectively.

Fig. 1 describes the process of identifying
the 46 studies selected from an initial yield
of 5887 titles. In the included studies, two
had publications repeated on the
patient cohorts. In this situation, only the

same

one with a longer observation period was
chosen. Reasons for exclusion of articles not
considered were noted as well.

Excluded studies
Of the 164 full-text articles examined, 118
were excluded from the final analysis (rea-
sons, see reference list).

The main reasons for exclusion were:
(Fig. 1):

Not reporting on immediate implants,
Unknown survival rate of immediate
implants in the study (no report/no sepa-
rate report of the survival rate of immedi-
ate implants from other types of implant
insertion),

Unknown number of immediate implants,
Mean follow-up time less than 1 year or

unknown mean follow-up time,

© 2011 John Wiley & Sons A/S

® The sample size (number of subjects) less
than 10 in the immediate implant group,

® TUnknown number of patients treated
with immediate implants,

® Multiple interventions (e.g. Sinus lift aug-
mentation via the transalveolar approach)
were carried out simultaneously with
immediate implants and

® TUnknown timing for
unknown loading protocol.

restorations or

Quality assessment

Two reviewers (K. Y. L. and L. P.) indepen-
dently assessed the quality of randomized con-
trolled trials and prospective cohort studies.

Randomized controlled trials
The risk of bias of RCTs was assessed accord-
ing to the recommended approach suggested

First electronic search:

5887 titles

A 4

Independently selected by 2 reviewers:
1760 titles

Abstracts obtained

Lang et al - Systematic review on Type 1 implants

by the Cochrane Collaboration. In this two-

part tool, six specific domains were
addressed, namely sequence generation, allo-
cation concealment, blinding, incomplete
outcome data, selective outcome reporting
and other issues. A judgement of “Yes” indi-
cated low risk of bias, “No” indicated high
risk of bias, and “Unclear” indicated unclear
or unknown risk of bias.

An RCT was assigned “Low risk of bias” if
all key domains were of low risk of bias,
“Unclear risk of bias” if there was unclear
risk of bias of >1 key domains, and “High
risk of bias” if >1 domains belonged to high

risk of bias.

Prospective cohort studies

The quality of prospective cohort studies will
be assessed using the Newecastle-Ottawa
Scale (Wells et al. 2009). A maximum of nine

v
Independently selected by 2 reviewer:
157 full articles
P Hand search added:
<
7 full texts
\ 4
Total full text articles:
164
Exclusion:
Not reporting on immediate implant: 57
Unknown survival rate of immediate implants in the study (no report/no
separate report of survival rates of immediate implants from other types
of implant insertion): 12
Unknown no. of immediate implants: 2
Studies with mean follow-up <1 year/unknown mean follow-up
time/reporting outcomes at a time <1 year: 11 (13)
&
- Sample size (Subject) <10 in the immediate implant group: 8
Unknown no. of patients with immediate implants: 7
Studies with multiple interventions (eg. Sinus lift augmentation via the
transalveolar approach): 5
Unknown timing for restorations/unknown loading protocol: 7
Unknown patient characteristics/age, studies recruiting patients < 18
v years old: 7
High unaccounted dropouts: 2
46 studies

Fig. 1. Search strategy.
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stars could be given to each study. Any study
that scored less than five stars was excluded.

Data extraction

Data were extracted independently by the
two reviewers (K. Y. L. & L. P.) using a data
extraction form. Disagreement regarding data
extraction was resolved by consensus after
discussion.

Of the 46 studies included, information on
the survival of the implants was retrieved.
Survival was defined as implants remaining
in situ at the follow-up examinations, irre-
spective of their conditions. Failure was
defined as implants that were lost after
implant placement immediately into the
extraction socket.

For studies with a mean follow-up time of
longer than 3 years, information regarding
biological, technical and aesthetic complica-
tions was also extracted.
complications included peri-
implant and peri-implantitis.
Peri-implant mucositis was defined as the
presence of inflammation in the mucosa at

Biological
mucositis

the implant with no signs of supporting bone
loss. Peri-implantitis was defined as the pres-
ence of inflammation in the mucosa and loss
of supporting bone at the implant (Zitzmann
& Berglundh 2008).

Technical complications denoted mechani-
cal damage to implants, to implant compo-
and/or the They
included fractures of the implants, loss of
retention, screw/abutment loosening, loss of
access hole restorations, fracture of abut-

nents suprastructures.

ments/screws and fracture of veneering mate-
rials/framework of prosthesis.

Aesthetic outcomes were assessed by the
Pink Esthetic Score (PES) introduced by Fur-
hauser et al. (2005), and/or the papilla index
described by Jemt (1997).

The PES was based on seven parameters:
mesial papilla, distal papilla, soft tissue level,
soft tissue contour, alveolar process defi-
ciency, soft tissue colour, and texture. Each
parameter was assessed with a 2-1-0 score,
with 2 being the best and 0 being the worst
result. A maximum score of 14 can be
achieved. The aesthetic outcome was optimal
if the PES was > 10.

The papilla index (Jemt 1997) described the
fullness of papillary fill:

Index O = no papilla present
Index 1 = less than one half the papilla
height is present and a convex nature of
the adjacent tissue nature is noted.

® Index 2 = greater than half the height of
the papilla is present but not to the full
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extent of the contact point. Papilla is not
in complete harmony.

® Index 3 = the papilla fills the entire proxi-
mal space and is in good harmony.

® Index 4 = the papilla is hyperplastic.

Data regarding marginal soft tissue changes
in the vertical dimension and radiographic
bony changes after immediate implant place-
ment were also extracted.

Statistical analysis
Failure rates were calculated by dividing the
number of events (failure or complication) in
the numerator by the total exposure time
(implant-time) in the denominator.

The numerator was wusually extracted
directly from the publications. The total expo-

sure time was calculated by taking the sum of

1. The exposure time of implants that could
be followed for the whole observation time.

2. The exposure time up to a failure of the
implant that was lost during the observa-
tion time.

3. The exposure time up to the end of
observation time for implants that did
not complete the observation period due
to reasons such as death, change of
address, refusal to participate in the fol-
low-up, chronic illness, missed appoint-
ments and work commitments.

For each study, event rates for implants
were calculated by dividing the total number
of events by the total implant exposure time
in years. For further analysis, the total num-
ber of events was considered to be Poisson
distributed for a given sum of implant expo-
sure years and Poisson regression with a loga-
rithmic link-function and total exposure
time per study as an offset variable were used
(Kirkwood & Sterne 2003a).

Robust standard errors were calculated to
obtain 95% confidence intervals (ClIs) of the
summary estimates of the event rates. The
Spearman goodness-of-fit statistics and asso-
ciated P-values were calculated to assess het-
erogeneity of the study specific event rates. If
the goodness-of-fit P-value was below 0.05,
indicating heterogeneity, random-effects Pois-
son regression (with Gamma-distributed ran-
dom-effects) was used to obtain a summary
estimate of the event rates. One-year survival
proportions were calculated via the relation-
ship between event rates and survival func-
tion S, S(T)=exp(-T x event rate), by
assuming constant event rates (Kirkwood &
Sterne 2003b). The 95% CI for the survival
proportions were calculated by using the
95% confidence limits of the event rates.

Multivariable Poisson regression was used
to investigate whether reasons for extrac-
tions, use of antibiotics, locations of
implants (anterior vs. posterior, maxillary vs.
mandibular), and timing of restorations
would affect the survival rate of immediate
implants.

All analysis were performed using STATA/
SE®, version 11 (Stata Corp., College Station,
TX, USA).

To calculate vertical marginal soft tissue
changes and radiographic bony changes, data
obtained from studies at a specific time inter-
val after restorations on immediate implants
were pooled to derive the weighted mean and
variance by the inverse variance method. The

weighted mean was:

and the variance of the weighted mean was:
2 _ 1
X

TS e

where x;, 6,2 were the known mean and vari-
ance obtained from each study.

Moreover, to test for the homogeneity of
the results of the studies, which contributed
to a particular weighted mean, the chi-
squared (x?, or Chi?) test among these studies
was carried out:

0= Z wi(x; — X)

where Q was the chi-squared statistic; w;
was the reciprocal of the variance of the
effect of the ith study, i.e. 1/o% xwas the
weighted mean; and x; was the mean of the
ith study. To quantify the inconsistency
across the studies, the following statistic was

P= (Q;-Z/) x 100%,

where df was its degrees of freedom (i.e.
df = i—1, where i was the number of studies).
A rough guide to interpretation was as fol-

used:

lows:

« I* = 0% to 40%: might not be important;

« 1> - 30% to 60%: may represent moderate
heterogeneity;

o I =50% to 90%: may represent substan-
tial heterogeneity;

« I>=75% to 100%: considerable heteroge-
neity.

© 2011 John Wiley & Sons A/S



Results

A total of 46 prospective studies on
implants inserted immediately into extrac-
tion sockets were included in this system-
atic review.

With the exception of three studies (Becker
et al. 1994; Lang et al. 1994; Becker et al.
1998), all the other 43 studies were published
after the year 2000. Most studies had the
mean follow-up time less than 3 years. Only
nine studies reported implant survival rates
with the mean observation period of 3 years
or more.

The studies were mainly conducted in an
institutional environment. Five studies were
multicenter studies. There were 16 compara-
tive studies. The test and control groups were
recruited to compare (i) implants placed in
extraction sockets vs. implants inserted at
healed sites (Kan et al. 2007a; Ribeiro et al.
2008; Siciliano et al. 2009; Gokcen-Rohlig
et al. 2010); (ii) immediate implants at sites
with chronic periapical lesion vs. implants at
healed sites (Lindeboom et al. 2006a); (iii)
immediate implant placement at sites with
chronic periapical lesion vs. at sites without
periapical lesion (Crespi et al. 2010); (iv)
implants in acutely infected sockets vs.
implants in sockets without pathology (Sie-
genthaler et al. 2007); (v) immediate implant
insertion and simultaneous connective tissue
graft vs. coronally advanced flap (Cornelini
et al. 2008);
implant and connective tissue graft vs.
immediate implant only (Bianchi & Sanfi-
lippo 2004); (vii) immediate implantation
with GBR vs. without GBR (Bragger et al.
1996); (viii) submerged vs. non-submerged
healing following

(vi) treatment of immediate

implant placement in
extraction sockets (Cordaro et al. 2009); (ix)
immediate vs. delayed provisional restoration
after immediate implant placement (Crespi
et al. 2008; De Rouck et al. 2009; Prosper
et al. 2010); (x) immediate implants restored
with a platform-switching vs. a platform
matching protocol (Crespi 2009a;
Canullo et al. 2009a,b).

Ten studies were randomized clinical trials
(Bianchi & Sanfilippo 2004; Lindeboom
et al. 2006a; Crespi et al. 2008; Cornelini et al.
2008; Cordaro et al. 2009; De Rouck et al. 2009;
Canullo et al. 2009a,b; ; Crespi et al. 2009a;
Siciliano et al. 2009; Prosper et al. 2010).
Each study was assessed according to the

et al.

recommended approach suggested by the
Cochrane Collaboration. Four studies were
judged to be at high and the remaining
six studies at unclear risk of bias. (Fig. 2 and
Table 1)

© 2011 John Wiley & Sons A/S

Five studies were prospective cohort stud-
ies, and were assessed using the Newcastle—
Ottawa Scale (Wells et al. 2009). All of them
scored eight of nine stars.

A total of 2130 patients, aged between 18
and 94 were included in the 46 studies.
Totally, 3082 implants were placed in which
2934 were in fresh extraction sockets and
in healed Twenty-five
implants in two studies were not restored
(Fugazzotto 2002a); Vidal et al. 2010), and
one implant in one study was lost to follow-
up (Calvo-Guirado et al. 2009), leaving 2908
implants for further analysis. (Table 2)

148 were sites.

Reasons for extraction

In 12 studies, implants were used to replace
teeth extracted due to non-periodontal rea-
sons, e.g. root fractures, caries, endodontic
failure and root resorption (Table 2). Removal
of teeth because of both periodontal and non-
periodontal reasons was reported in 21 stud-
ies. In 13 studies, reasons for extraction were
unclear.

Antibiotic prophylaxis

Antibiotics were prescribed in 33 studies
(Table 2). Four studies involved pre-opera-
tive single dose of antibiotic prophylaxis,
while post-operative antibiotic use of 5-
7 days was reported in 15 studies. Fourteen
studies provided both pre-operative single
dose and post-surgical (5-7 days) antibiotic
prescription. Data  regarding
prescription were not forthcoming in the

antibiotic
remaining studies.

Position of implants — anterior vs. posterior
In five studies, implants were inserted in the
anterior region only, namely, central incisors,

Adequate sequence generation?

Allocation concealment?

Blinding?

Incomplete outcome data addressed?

Free of selective reporting?

Free of other bias?

Lang et al - Systematic review on Type 1 implants

(Table 2).
Implants in another five studies were solely

lateral incisors and canines
placed in posterior areas, i.e. premolars and
molars. Thirty-five studies involved implan-
tation in both anterior and posterior regions.
One study did not state the implant loca-

tions.

Position of implants — maxilla vs. mandible
Eighteen studies reported on implants
installed in the maxilla only, while only
three studies had all implants placed in the
mandible (Table 2). In 23 studies, both maxil-
lary and mandibular arches were involved,
and two studies did not explicitly specify the
arch that implants were inserted.

Types of implants

Various implant systems were employed in
the 46 studies (Table 2). The majority of the
implants were rough surface implants. Only
three studies used implants of machined sur-
faces (Goldstein et al. 2002; Becker et al.
1994, 1998).

Grafting materials

No grafting materials were utilized at all in
six studies (Table 2). Eleven studies involved
autogenous bone grafts.
were used in 16 studies, of which deminera-

Bone substitutes

lised bovine bone matrix (DBBM) was most
frequently applied. Other reported bone sub-
stitutes were demineralised freeze-dried bone
allograft (DFDBA), enamel matrix derivatives
(EMD), Biogran® bone graft, and HRT syn-
thetic bone allograft. The main purposes of
using grafting materials were to fill the
marginal gaps between implants and socket
walls and to cover bony dehiscences and/or
fenestrations.

M Yes (low risk of bias) ~® Unclear
i No (high risk of bias)
0% 0% 40% 60% 80% 100%

Fig. 2. “Risk of bias graph” of included RCTs.
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Table 1. Summary of risk of bias of included RCTs

Adequate Incomplete Free of

sequence Allocation outcome selective Free of

generation? concealment? Blinding? data addressed? reporting? other bias?
Prosper et al. 2010 Unclear Unclear High Low Low Low
Cordaro et al. 2009 Low Low High Low Low low
De Rouck et al. 2009 Low Unclear Low Low Low Low
Crespi et al. 2009a Unclear Unclear High Low Low Low
Canullo et al. 2009a,b Low Low High Low Low Low
Siciliano et al. 2009 High High High Low Low Low
Crespi et al. 2008 Unclear Unclear Low Low Low Low
Cornelini et al. 2008 Unclear Unclear Unclear Low Low Low
Lindeboom et al. 2006a Low Unclear Unclear Low Low Low
Bianchi & Sanfilippo 2004 Unclear Unclear Low Low Low Low

In 12 studies, the grafting materials were
covered by barrier membranes. Resorbable
membranes were more commonly used than
non-resorbable membranes. In five studies,
bony defects around implants were solely
covered by barrier membranes.

Besides bone substitutes and barrier mem-
branes, connective tissue grafting was also
performed to cover immediate implants in
six studies. Three studies reported a com-
bined use of subepithelial connective tissue
grafts (SCTG) with other grafting materials,
while the other three employed SCTG as the
only grafting material. The most common
donor site was the palatal vault. This tech-
nique was mainly applied on subjects who
were of the thin gingival biotype.

Loading

According to the Fourth ITI Consensus
Report (Weber et al. 2009), immediate load-
ing of dental implants was defined as loading
being earlier than 1 week subsequent to
implant placement; early loading was defined
as loading being between
2 months subsequent to implant placement;

1 week and
and conventional loading was loading being
greater than 2 months subsequent to implant
placement (Table 2).

Using definitions by this consensus report
(Weber et al. 2009), implants in 19 studies
were immediately loaded after implant inser-
tion. Most of them used acrylic resin as the
material for provisional restorations. Among
the 19 studies, the provisionals were screw-
retained in six studies and cement-retained
in nine studies. One study used both meth-
ods for retention. Implants in 23 studies were
conventionally restored. The time of loading
varied from 8 weeks to 1 year, but most of
them were loaded within 3-6 months. The
remaining four studies had both immediate
and conventionally loading groups.

Definitive restorations
In most studies, implants placed immedi-
ately into extraction sockets were used to
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replace single missing teeth and hence, the
most prevalent prostheses constructed were
single crowns (Table 2). In seven studies,
some implants also served as abutments for
implant-implant or implant-tooth supported
fixed dental prostheses. than
half of the studies, permanent restorations

In more

were retained by cement, while screw-
retained restorations were used in only four
studies.

Implant-supported overdentures were also
reported in three studies (Huys 2001; Gokcen-
Rohlig et al. 2010; Vidal et al. 2010). All the
implants conventionally  loaded.
Gokcen-Rohlig et al. (2010) used Iocator
abutments, while Huys (2001) delivered ball-
retained overdentures. In the third study, the
type of abutments was not specified (Vidal

et al. 2010).

were

Survival of implants

Survival was defined as implants remaining
in situ at the follow-up examinations, irre-
spective of their conditions. Failure was
defined as implants that were lost after
immediate implant placement.

The 46 included studies provided data on
2908 implants with the mean follow-up time
of 2.08 years following implant placement
the Fifty-eight
implants were lost during the observation

into extraction sockets.
period. The estimated annual failure rate of
the implants was 0.82% (95% CI. 0.48-
1.39%), yielding the 2-year survival rate of
98.4% (97.3-99%) (Table 3).

When the nine studies with the mean fol-
low-up time >3 years were analysed sepa-
rately, the estimated annual failure rate was
0.62% (95% CIL: 0.31-1.23%), translating into
a 4-year implant survival rate of 97.5% (95.2—
98.8% (Table 4).

Five factors were investigated for their
impact on the survival of immediate implant:
use of antibiotics, reasons for extractions,
locations of implants (anterior vs. posterior,
maxillary vs. mandibular), and timing of res-
torations:

Antibiotics

Four studies, with a total of 244 implants,
involved a pre-operative single dose of antibi-
otic prophylaxis (Tables 5 and 6). Post-opera-
tive antibiotic use of 5-7 days was reported
in 15 studies, involving 935 implants. Four-
teen studies prescribed both pre-operative
single dose and 5-7 days of post-operative
antibiotics, and a total of 665 implants were
examined. The relative failure rates of the
three different groups were analysed with
multivariable fixed-effect Poisson regression
using pre-surgical antibiotic prophylaxis as
the reference. The estimated annual failure
rate for the pre-operative antibiotic use group
was 1.87%. Both the post-operative antibiotic
use group and pre- and post-operative antibi-
otic use group showed lower annual failure
rates than did the pre-operative antibiotic use
group, with the annual failure rates of 0.51%
and 0.75%, respectively. The
reached statistical significance
0.02).

differences
(P = 0.002;

Reasons for extraction

In 12 studies, 424 implants were used to
replace teeth extracted due to non-periodon-
(Table 7).
because of both periodontal and non-peri-

tal reasons Removal of teeth
odontal reasons was reported in 21 studies,
involving 1094 The estimated
annual failure rate of the former group was
0.81%, and that of the latter group was
0.92%. The difference in the failure rates was

implants.

tested by using a random-effect Poisson
regression analysis, and this difference did
not reach statistical significance (P = 0.84).

Position of implants — anterior vs. posterior

In the 46 studies included, a total of 486
implants were placed in the anterior region
and 967 implants were inserted in the poster-
ior region (Table 8). The locations of the
remainder of the 1455 implants were unclear.
The estimated annual failure rate of implants
placed in the posterior area was slightly
higher than that of those placed in the ante-

© 2011 John Wiley & Sons A/S
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Table 3. Annual failure rates and survival of implants inserted in extraction sockets

Estimated
Mean Total implant  failure rate Estimated
Year of Total no. of follow-up No. of Before After Loss to exposure time (per 100 survival (%)
publication implants time failure loading loading follow-up (years) implant years) after 2 years
Vidal et al. 2010 54 1 0 0 0 0 54 0 100
Tortamano et al. 2010 12 1.5 0 na 0 0 18 0 100
Gocen-Rohlig et al. 2010 20 233 0 0 0 0 46.67 0 100
Crespi et al. 2010 30 2 0 0 0 0 60 0 100
Prosper et al. 2010 120 5 4 1 3 0 580.46 0.69 98.62
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 97.45
Crespi et al. 2009 64 2 0 na 0 0 128 0 100
Kan et al. 2009 20 2.15 0 na 0 0 43 0 100
Del Fabbro et al. 2009 61 1.79 1 1 0 0 107.67 0.93 98.14
Canullo et al. 2009 22 2.08 0 na 0 0 45.83 0 100
Kahnberg 2009 40 2 0 0 0 0 80 0 100
Cordaro et al. 2009 30 1.5 1 1 0 0 43.73 2.29 95.43
Calvo-Guirado et al. 2009 61 1 1 na 1 1 59.33 1.69 96.63
De Rouck et al. 2009 49 1.07 3 2 1 0 52.33 5.73 88.54
Siciliano et al. 2009 15 1 0 0 0 0 15 0 100
Botticelli et al. 2008 21 5 0 0 0 0 105 0 100
Lops et al. 2008 46 1.15 0 0 0 0 53.08 0 100
De Rouck et al. 2008 30 1 1 na 1 0 29.08 3.44 93.12
Cornelini et al. 2008 34 1 0 na 0 0 34 0 100
Fugazzotto 2008 341 2.72 2 1 1 0 929.06 0.22 99.57
Crespi et al. 2008 40 2 0 0 0 0 80 0 100
Ribeiro et al. 2008 46 2.17 3 na 3 0 99.91 3 93.99
Cafiero et al. 2008 82 1 0 0 0 0 82 0 100
Crespi et al. 2007 150 1.5 0 0 0 0 225 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Siegenthaler et al. 2007 29 1 0 0 0 0 29 0 100
Covani et al. 2007 10 1 0 0 0 0 10 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Juodzbalys et al. 2007 14 2 0 0 0 0 28 0 100
Barone et al. 2006 18 1 1 na 1 0 17.08 5.86 88.29
Lindeboom et al. 2006 25 1 2 2 0 0 24 833 83.33
Ferrara et al. 2006 33 2.34 2 na 2 0 77.25 2.59 94.82
Cangini and Cornelini 2005 32 1 0 0 0 0 32 0 100
Cornelini et al. 2005 22 1 0 na 0 0 22 0 100
Vanden Bogaerde et al. 2005 50 1.5 0 0 0 0 75 0 100
Tsirlis 2005 28 2 0 0 0 0 56 0 100
Norton 2004 16 1.61 0 na 0 0 25.75 0 100
Covani et al. 2004 163 4 5 2 3 0 636.5 0.79 98.43
Bianchi et al. 2004 115 5.38 0 0 0 0 618.5 0 100
Kan et al. 2003 35 1.39 0 na 0 0 48.71 0 100
Goldstein et al. 2002 47 3.37 0 0 0 0 158.5 0 100
Fugazzotto et al. 2002 46 1.40 0 0 0 0 64.33 0 100
Huys 2001 556 7 19 19 0 0 3763.75 0.50 98.99
Becker et al. 1998 134 3.61 9 2 7 0 483.17 1.86 96.27
Lang et al. 1994 28 3.28 0 0 0 0 91.93 0 100
Becker et al. 1994 49 1.51 3 3 0 0 74.06 4.05 91.90
Summary estimate (95% CI)” 2908 2.08 58 34 24 1 9431.17 0.82 (0.48-1.39) 98.4
(97.3-99)

“Based on random-effects Poisson regression, test for heterogeneity P < 0.01.

probing (Bianchi & Sanfilippo 2004; Botticelli
et al. 2008; Prosper et al. 2010).

Bleeding and suppuration on probing

Three studies reported on the effectiveness of
patients’ self-performed oral hygiene (Bianchi
& Sanfilippo 2004; Botticelli et al. 2008;
Prosper et al. 2010). The prevalence of plaque
accumulation on implants varied among the
studies. In both studies of Prosper et al.
(2010) and Botticelli et al. (2008), the sites
with plaque accumulation were less than
20%. However, 40% of implant sites har-
boured plaque in the study of Bianchi & San-
filippo (2004). As a result, BOP was more

48 | Clin. Oral. Impl. Res. 23(Suppl. 5, 2012/39-66

prevalent at implants in the latter study than
in the two former studies (31% vs. 6-17%).

With the criteria defined above (Lang &
Berglundh (2011), 31% of implants demon-
strated peri-implant mucositis in the study
by Bianchi & Sanfilippo (2004), while in the
two other studies (Botticelli et al. 2008; Pros-
per et al. 2010), peri-implant mucositis was
less prevalent.

Change in marginal bone levels

Seven studies with a mean follow-up time
>3 years evaluated marginal bony altera-
tions (Becker et al. 1998; Huys 2001; Bianchi
& Sanfilippo 2004; Covani et al. 2004b;

Botticelli et al. 2008; Mijiritsky et al. 2009;
Prosper et al. 2010). With the exception that
there was a 0.23 mm gain in the mean
radiographic bone level in one study
(Botticelli et al. 2008), immediate implants
in most studies experienced marginal bone
loss after being in service. However, in most
of the cases, the loss was within the range
that fulfilled one of the success criteria
stated by Albrektsson et al. (1986), namely,
that “after the first year of service, the
annual vertical bone loss should not exceed
0.2 mm.”

Covani et al. (2004b) reported that 4 years

after implant placement immediately into

© 2011 John Wiley & Sons A/S
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Table 4. Annual failure rates and survival of implants inserted in extraction sockets. (studies with mean follow-up time > 3 years)

Total Estimated
Total implant failure rate Estimated
Year of no. of Mean No. of  Before After Loss to exposure (per 100 implant  survival (%)

Study publication implants follow-up time failure Loading loading follow-up time (years) yeaers) after 4 years
Prosper et al. 2010 120 5 4 3 1 0 580.46 0.69 97.24
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 94.90
Botticelli et al. 2008 21 5 0 0 0 0 105 0 100
Covani et al. 2004 163 4 5 2 3 0 636.5 0.79 96.86
Bianchi et al. 2004 115 5.38 0 0 0 0 618.5 0 100
Goldstein et al. 2002 47 3.37 0 0 0 0 158.5 0 100

Huys 2001 556 7 19 19 0 0 3763.75 0.50 97.98
Becker et al. 1998 134 3.61 9 6 3 0 483.17 1.86 92.55

Lang et al. 1994 28 3.28 0 0 0 0 91.93 0 100
Summary 1208 4.43 38 30 8 0 6516.31 0.62 97.5

estimate (0.31-1.23) (95.2-98.8)

(95% CI)”

“Based on random-effects Poisson regression, test for heterogeneity P < 0.01.

Table 5. Comparison of annual failure rates and survival of implants inserted in extraction sockets — antibiotic uses (pre-surgical vs. post-surgical vs.
pre- and post-surgical)

No. of
Mean failure at Total Estimated
Total follow-up 1 year after implant failure rate Estimated
Year of no. of time implant Before  After Lost to exposure (per 100 survival after
Study publica-tion implants (years) placement loading loading follow-up time (years) implant years) 2 years (%)
Pre-surgical antibiotic use
Del Fabbro et al. 2009 61 1.79 1 1 0 0 107.67 0.93 98.14
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 97.45
Lineboom et al. 2006 25 1 2 2 0 0 24 8.33 83.33
Becker et al. 1998 134 3.61 9 2 7 0 483.17 1.86 96.27
Summary estimate (95% CI)” 244 2.42 3.25 5 8 0 693.33 1.87 96.3
(1.09-3.23) (93.7-97.8)
Post-surgical antibiotic use
Calvo-Guirado et al. 2009 61 1 1 na 1 1 59.33 1.69 96.63
Siciliano et al. 2009 15 1 0 0 0 0 15 0 100
Kan et al. 2009 20 2.15 0 na 0 0 43 0 100
Cafiero et al. 2008 82 1 0 0 0 0 82 0 100
Fugazzotto 2008 341 2.72 2 1 1 0 929.06 0.22 99.57
Ribeiro et al. 2008 46 2.17 3 na 3 0 99.91 3 93.99
Cornelini et al. 2008 34 1 0 na 0 0 34 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Covani et al. 2007 10 1 0 0 0 0 10 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Cangini and Cornelini 2005 32 1 0 0 0 0 32 0 100
Cornelini et al. 2005 22 1 0 na 0 0 22 0 100
Covani et al. 2004 163 4 5 2 3 0 636.5 0.79 98.43
Kan et al. 2003 35 1.39 0 na 0 0 48.71 0 100
Lang et al. 1994 28 3.28 0 0 0 0 91.93 0 100
Summary estimate (95% @) 935 1.65 11 3 8 1 2149.44 0.51 99
(0.13-1.97) (96.1-99.7)
Pre + post-surgical antibiotic use
Prosper et al. 2010 120 5 4 1 3 0 580.46 0.69 98.62
Crespi et al. 2010 30 2 0 0 0 0 60 0 100
Crespi et al. 2009 64 2 0 na 0 0 128 0 100
Canullo et al. 2009 22 2.08 0 na 0 0 45.83 0 100
Crespi et al. 2008 40 2 0 0 0 0 80 0 100
De Rouck et al. 2008 30 1 1 na 1 0 29.08 3.44 93.12
Siegenthaler et al. 2007 29 1 0 0 0 0 29 0 100
Juodzbalys et al. 2007 14 2 0 0 0 0 28 0 100
Crespi et al. 2007 150 1.5 0 0 0 0 225 0 100
Barone et al. 2006 18 1 1 na 1 0 17.08 5.86 88.29
Ferrara et al. 2006 33 2.34 2 na 2 0 77.25 2.59 94.82
Vanden Bogaerde et al. 2005 50 1.5 0 0 0 0 75 0 100
Norton 2004 16 1.61 0 na 0 0 25.75 0 100
Becker et al. 1994 49 1.51 3 3 0 0 74.06 4.05 91.90
Summary estimate 665 1.90 11 4 7 0 1474.51 0.75 98.5
(95% CI)” (0.19-1.75) (96.6-99.6)

*Based on fixed-effects Poisson regression, test for heterogeneity P = 0.1
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Table 6. Summary of annual failure rates, relative failure rates and survival estimates for implants inserted in extraction sockets - antibiotic uses

Total
Total implant Mean Estimated 2 year survival
Type of antibiotics number of exposure follow-up annual summary Relative
use implants time (years) time failure rate® estimate (95% CI)* failure rate” P-value”
Pre-surgical 244 693.33 2.42 1.87 (1.09-3.23) 96.3 (93.7-97.8) 1 (Ref.)
Post-surgical 935 2149.44 1.65 0.51 (0.13-1.97) 99 (96.1-99.7) 0.27 (0.12-0.61) 0.002
Pre- and post- 665 1474.51 1.9 0.75 (0.19-1.75) 98.5 (96.6-99.6) 0.40 (0.18-0.89) 0.024
surgical
*Based on multivariable fixed-effect Poisson regression.
"Based on fixed-effects Poisson regression.
Table 7. Comparison of annual failure rates and survival of implants inserted extraction sockets — reasons for extraction
No. of Total
failure at implant Estimated
Mean 1 year after exposure failure Estimated
Year of Total no. of follow-up  implant Before  After Lost to time rate (per 100 survival after

Study publication implants time (year) placement loading loading follow-up (years) implant years) 2 year (%)
Non-periodontal reasons
Tortamano et al. 2010 12 1.5 0 na 0 0 18 0 100
Crespi et al. 2010 30 2 0 0 0 0 60 0 100
Calvo-Guirado et al. 2009 61 1 1 na 1 1 59.33 1.69 96.63
Siciliano et al. 2009 15 1 0 0 0 0 15 0 100
Lops et al. 2008 46 1.15 0 0 0 0 53.08 0 100
Cafiero et al. 2008 82 1 0 0 0 0 82 0 100
Ribeiro et al. 2008 46 2.17 3 na 3 0 99.91 3 93.99
Botticelli et al. 2008 21 5 0 0 0 0 105 0 100
Siegenthaler et al. 2007 29 1 0 0 0 0 29 0 100
Juodzbalys et al. 2007 14 2 0 0 0 0 28 0 100
Ferrara et al. 2006 33 2.34 2 na 2 0 77.25 2.59 94.82
Kan et al. 2003 35 1.39 0 na 0 0 48.71 0 100
Summary estimate (95% cn” 424 1.80 6 0 6 1 675.28 0.81 (0.29-2.29) 98.4 (95.5-99.4)
Periodontal and non-periodontal reasons
Gocen-Rohlig et al. 2010 20 2.33 0 0 0 0 46.67 0 100
Prosper et al. 2010 120 5 4 1 3 0 580.46 0.69 98.62
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 97.45
De Rouck et al. 2009 49 1.07 3 2 1 0 52.33 5.73 88.54
Crespi et al. 2009 64 2 0 na 0 0 128 0 100
Kan et al. 2009 20 2.15 0 na 0 0 43 0 100
Del Fabbro et al. 2009 61 1.79 1 1 0 0 107.67 0.93 98.14
Kahnberg 2009 40 2 0 0 0 0 80 0 100
Crespi et al. 2008 40 2 0 0 0 0 80 0 100
De Rouck et al. 2008 30 1 1 na 1 0 29.08 3.44 93.12
Cornelini et al. 2008 34 1 0 na 0 0 34 0 100
Covani et al. 2007 10 1 0 0 0 0 10 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Cangini and Cornelini 2005 32 1 0 0 0 0 32 0 100
Cornelini et al. 2005 22 1 0 na 0 0 22 0 100
Norton 2004 16 1.61 0 na 0 0 25.75 0 100
Covani et al. 2004 163 4 5 2 3 0 636.5 0.79 98.43
Bianchi et al. 2004 115 5.38 0 0 0 1 618.5 0 100
Becker et al. 1998 134 3.61 9 2 7 0 483.17 1.86 96.27
Lang et al. 1994 28 3.28 0 0 0 0 91.93 0 100
Becker et al. 1994 49 1.51 3 3 0 0 74.06 4.05 91.90
Summary estimate (95% CI)" 1094 2.24 27 11 16 1 3276.61 0.92 (0.09-9.15) 98.2 (83.3-99.8)

“Based on random-effects Poisson regression, test for heterogeneity P = 0.01.

the extraction socket, 4.2% or 7 of 163
implants showed crestal bone contact apical
to the first thread, among which six implants
had bone contact between the first and sec-
ond thread, and one implant presented bone
loss up to the level of the third thread.
Unfortunately, this study did not provide
information on BOP.

Based on the limited studies and the incon-
sistent ways of assessing the soft tissues, it
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was difficult to estimate the prevalence of
peri-implantitis.

Technical complications

Only three studies assessed technical compli-
cations that occurred in an observation per-
iod >3 years. Lang et al. (1994) reported
that “the reconstructions were complication-
free.” Prosper et al. (2010) stated that “no
pain or mobility of the definitive prosthesis

was registered” in the 5-year follow-up per-
iod.
Covani et al. (2004b) provided more
detailed information concerning prosthetic
complications. In this 4-year study, no frac-
tures of abutments and/or prosthetic screws
were documented. No prostheses needed to
be replaced. The only prosthetic complication
that occurred (9.8% of implants) was the

loosening of the abutment screw.

© 2011 John Wiley & Sons A/S
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Table 9. Comparison of annual failure rates and survival of implants inserted in extraction sockets — maxilla vs. mandible

No. of failure

at 1 year Total Estimated Estimated
Total Mean after implant  failure rate survival
Year of no. of follow-up  implant Before  After Lost to exposure (per 100 implant after

Study publication implants time (year) placement loading loading follow-up time years) 2 year (%)
Maxilla
Tortamano et al. 2010 12 1.5 0 na 0 0 18 0 100
Calvo-Guirado et al. 2009 61 1 1 na 1 1 59.33 1.69 96.63
De Rouck et al. 2009 49 1.07 3 2 1 0 52.33 5.73 88.54
Crespi et al. 2009 40 2 0 na 0 0 80 0 100
Kan et al. 2009 20 2.15 0 na 0 0 43 0 100
Del Fabbro et al. 2009 30 1.79 0 0 0 0 53.75 0 100
Canullo et al. 2009 22 2.08 0 na 0 0 45.83 0 100
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 97.45
Botticelli et al. 2008 16 5 0 0 0 0 80 0 100
Crespi et al. 2008 40 2 0 0 0 0 80 0 100
Ribeiro et al. 2008 46 2.17 3 na 3 0 99.91 3 93.99
Lops et al. 2008 32 1.15 0 0 0 0 36.92 0 100
De Rouck et al. 2008 30 1 1 na 1 0 29.08 3.44 93.12
Cafiero et al. 2008 21 1 0 0 0 0 21 0 100
Cornelini et al. 2008 27 1 0 na 0 0 27 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Siegenthaler et al. 2007 23 1 0 0 0 0 23 0 100
Covani et al. 2007 7 1 0 0 0 0 7 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Juodzbalys et al. 2007 14 2 0 0 0 0 28 0 100
Ferrara et al. 2006 33 2.34 2 na 2 0 77.25 2.59 94.82
Cangini and Cornelini 2005 15 1 0 0 0 0 15 0 100
Cornelini et al. 2005 19 1 0 na 0 0 19 0 100
Vanden Bogaerde et al. 2005 39 1.5 0 0 0 0 58.5 0 100
Tsirlis 2005 28 2 0 0 0 0 56 0 100
Norton 2004 16 1.61 0 na 0 0 25.75 0 100
Covani et al. 2004 95 4 2 1 1 0 373.75 0.54 98.93
Kan et al. 2003 35 1.39 0 na 0 0 48.71 0 100
Fugazzotto et al. 2002 46 1.40 0 0 0 0 64.33 0 100
Goldstein et al. 2002 47 3.37 0 0 0 0 158.5 0 100
Summary estimate 933 1.79 13 3 10 1 1805.46  0.73 98.6

(95% CI)* (0.06-8.28) (84.7-99.9)
Mandible
Gocen-Rohlig et al. 2010 20 2.33 0 0 0 0 46.67 0 100
Prosper et al. 2010 120 5 4 1 3 0 580.46 0.69 98.62
Crespi et al. 2009 24 2 0 na 0 0 48 0 100
Del Fabbro et al. 2009 31 1.79 1 1 0 0 53.92 1.85 96.29
Lops et al. 2008 14 1.15 0 0 0 0 16.15 0 100
Cafiero et al. 2008 61 1 0 0 0 0 61 0 100
Cornelini et al. 2008 7 1 0 na 0 0 7 0 100
Fugazzotto 2008 341 2.72 2 1 1 0 929.06 0.22 99.57
Botticelli et al. 2008 5 5 0 0 0 0 25 0 100
Siegenthaler et al. 2007 6 1 0 0 0 0 6 0 100
Covani et al. 2007 3 1 0 0 0 0 3 0 100
Cangini and Cornelini 2005 17 1 0 0 0 0 17 0 100
Cornelini et al. 2005 3 1 0 na 0 0 3 0 100
Vanden Bogaerde 2005 1 1.5 0 0 0 0 16.5 0 100

et al.
Covani et al. 2004 68 4 3 1 2 0 262.75 0.38 99.24
Summary estimate 731 2.10 10 4 6 0 2075.50  0.50 (0.17-1.52) 99

(95% CI)" (97.0-99.7)

“Based on random-effects Poisson regression, test for heterogeneity P = 0.05.

In conclusion, there was insufficient data
provided by the included papers to quantify
technical/prosthetic complications.

Aesthetic outcomes

Only two studies (Bianchi & Sanfilippo
2004; Botticelli et al. 2008) evaluated the
aesthetic results. In one study (Bianchi &
Sanfilippo 2004), the buccal level of mucosal
margin at prosthetic crown was compared
with the level of the buccal gingival margin
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of the mesial and distal adjacent closest
tooth crown. The threshold for the accept-
able discrepancy was set at 1 mm. The data
demonstrated complete success for the first
3 years, in the group of patients who
received immediate implant placement and
simultaneous connective tissue grafting,
while only 80% of patients who were solely
treated with

considered

implants
the following
6 years, a small increase in the number of

immediate were

successful. In

patients (<5%) who presented discrepancies
of >l mm was observed in both groups.
The study concluded that soft tissue levels
were generally stable following immediate
implant placement, when connective tissue
grafting was performed.

In the second study (Botticelli et al. 2008),
the position of the mucosal margin during a
5-year period was followed. The mucosal
margin moved 0.3 mm coronally at the proxi-
mal aspects, while there was an overall reces-
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Table 10. Comparison of annual failure rates and survival of implants inserted in extraction sockets — loading protocol (immediate vs. conventional)

No. of

failure Estimated

at 1 year Total failure rate  Estimated

Mean after implant (per 100 survival
Year of Total no. of  follow-up implant Before After Lost to exposure implant after
Study publication  implants time (year) placement loading loading follow-up time years) 2 year (%)
Immediate loading
Tortamano et al. 2010 12 1.5 0 na 0 0 18 0 100
Prosper et al. 2010 60 5 2 na 2 0 290.16 0.69 98.62
Mijiritsky et al. 2009 24 3.27 1 na 1 0 78.5 1.27 97.45
Calvo-Guirado et al. 2009 61 1 1 na 1 1 59.33 1.69 96.63
De Rouck et al. 2009 24 1 1 na 1 0 23.08 4.33 91.34
Crespi et al. 2009 64 2 0 na 0 0 128 0 100
Kan et al. 2009 20 2.15 0 na 0 0 43 0 100
Canullo et al. 2009 22 2.08 0 na 0 0 45.83 0 100
De Rouck et al. 2008 30 1 1 na 1 0 29.08 3.44 93.12
Cornelini et al. 2008 34 1 0 na 0 0 34 0 100
Crespi et al. 2008 20 2 0 na 0 0 40 0 100
Ribeiro et al. 2008 46 2.17 3 na 3 0 99.91 3 93.99
Crespi et al. 2007 150 1.5 0 na 0 0 225 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Siegenthaler et al. 2007 7 1 0 na 0 0 7 0 100
Kan et al. 2007 23 1 0 na 0 0 23 0 100
Ferrara et al. 2006 33 2.34 2 na 2 0 77.25 2.59 94.82
Barone et al. 2006 18 1 1 na 1 0 17.08 5.86 88.29
Cornelini et al. 2005 22 1 0 na 0 0 22 0 100
Vanden Bogaerde et al. 2005 50 1.5 0 na 0 0 75 0 100
Tsirlis 2005 28 2 0 na 0 0 56 0 100
Norton 2004 16 1.61 0 na 0 0 25.75 0 100
Kan et al. 2003 35 1.39 0 na 0 0 48.71 0 100
Summary estimate 822 1.72 12 na 12 1 1488.69 0.89 98.2
(95% CI)* (0.18-4.40) (91.6-99.6)
Conventional loading
Vidal et al. 2010 54 1 0 0 0 0 54 0 100
Gocen-Rohlig et al. 2010 20 2.33 0 0 0 0 46.67 0 100
Crespi et al. 2010 30 2 0 0 0 0 60 0 100
Prosper et al. 2010 60 3 2 1 1 0 290.29 0.69 98.62
Del Fabbro et al. 2009 61 1.79 1 1 0 0 107.67 0.93 98.14
Kahnberg 2009 40 2 0 0 0 0 80 0 100
Cordaro et al. 2009 30 1.5 1 0 1 0 43.73 2.29 95.43
De Rouck et al. 2009 25 1.17 2 2 0 0 29.25 6.84 86.32
Siciliano et al. 2009 15 1 0 0 0 0 15 0 100
Botticelli et al. 2008 21 5 0 0 0 0 105 0 100
Lops et al. 2008 46 1.15 0 0 0 0 53.08 0 100
Cafiero et al. 2008 82 1 0 0 0 0 82 0 100
Fugazzotto 2008 341 2.72 2 1 1 0 929.06 0.22 99.57
Crespi et al. 2008 20 2 0 0 0 0 40 0 100
Siegenthaler et al. 2007 22 1 0 0 0 0 22 0 100
Covani et al. 2007 10 1 0 0 0 0 10 0 100
Juodzbalys et al. 2007 14 2 0 0 0 0 28 0 100
Lineboom et al. 2006 25 1 2 2 0 0 24 833 83.33
Cangini and Cornelini 2005 32 1 0 0 0 0 32 0 100
Fugazzotto et al. 2002 46 1.40 0 0 0 0 64.33 0 100
Covani et al. 2004 163 4 5 2 3 0 636.5 0.79 98.43
Bianchi et al. 2004 115 5.38 0 0 0 1 618.5 0 100
Goldstein et al. 2002 47 3.37 0 0 0 0 158.5 0 100
Huys 2001 556 7 19 19 0 0 3763.75 0.50 98.99
Becker et al. 1994 49 1.51 3 3 0 0 74.06 4.05 91.90
Lang et al. 1994 28 3.28 0 0 0 0 91.93 0 100
Becker et al. 1998 134 3.61 9 2 7 0 483.17 1.86 96.27
Summary estimate 2086 2.34 46 33 13 1 7942.48 0.75 98.5
(95% )" (0.40-1.40)  (97.2-99.2)

*Based on random-effects Poisson regression, test for heterogeneity P < 0.01.

sion of 0.4 mm at the buccal and 0.5 mm at
the lingual aspects, respectively. At the 5-
year examination, the marginal level of the
mucosa was generally coronal to the finish-
ing line of the restorations. However, 5 of 21
buccal sites (24%) exhibited soft tissue reces-

© 2011 John Wiley & Sons A/S

sion to the extent that the margins of the
metal restorations were exposed.

In summary, 20-25% of the patients who
implants immediately
placed into extraction sockets suffered aes-

were treated with

thetically from apical displacement of the

mucosal margins, although soft tissue levels
seemed to be stable in long term in the
majority of patients. The paucity of existing
studies with follow-up periods of >3 years
reporting on aesthetic outcomes following
immediate implant placement made it diffi-
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cult to estimate the prevalence of aesthetic
complications and to investigate factors that
might affect aesthetic outcomes.

Soft tissue changes

Three studies (Kan et al. 2003; De Rouck
et al. 2008a; De Rouck et al. 2009) provided
data on the soft tissue level changes, at 3, 6
and 12 months following implant placement
immediately into extraction sockets and
immediate provisional restoration, in relation
to the pre-operative status in the anterior
maxilla.

While the first two studies (Kan et al.
2003; De Rouck et al. 2008a) were prospec-
tive studies examining implants placed and
restored immediately after tooth extraction,
the latter study (De Rouck et al. 2009) was
an RCT comparing the impact of immediate
and delayed restorations on the soft and hard
tissues following implantation. To obtain
weighted means from comparable data, infor-
mation from the immediate restoration group
was extracted. The chi-squared tests showed
that data from these three studies concerning
changes in mesial and distal papilla heights
and buccal mucosal levels at any examina-
tion time were homogeneous.

Alterations in the mid-buccal soft tissue
level, and mesial and distal papilla heights
were evaluated by measuring the distance
from a reference line in one study (Kan et al.
2003). Acrylic stents, indented with mesial,
buccal and distal grooves, were utilized to
assess the papilla and mid-facial mucosal
level in the two other studies (De Rouck
et al. 2008a, 2009).

Fig. 3 shows the alterations in the mesial
and distal papillae heights, and the mid-facial
mucosal level in the first year following
immediate implant placement and immediate
restoration. Most of the soft tissue changes
occurred in the first 3 months. Mesial and dis-
tal papillae shrank by 0.41 £ 0.32 mm (Q =
0.15, P = 0.93) and 0.34 + 0.36 mm (Q = 0.08,
P =0.96), while the
mucosal level was displaced apically by
0.43 £ 0.38 mm (Q =0.01, P =0.995), when
compared to the pre-surgical level. Soft tissues

respectively, buccal

became stable after 6 months. At the end of
the first year, 0.49 £0.31 mm (Q =0.03,
P =0.99),0.36 + 0.33 mm (Q = 0.01, P = 0.99)
and 0.51 + 0.38 mm (Q = 0.02, P = 0.99) had
been lost at mesial papilla, distal papilla and
mid-facial mucosa, respectively.

Soft tissue alterations (mesial, distal and
buccal), in the case of conventional loading,
were evaluated by Cordaro et al. (2009),
where 3 months of either submerged or non-

submerged healing was allowed before
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Fig. 3. Soft tissue changes in the first year after immediate implant placement and immediate restoration.

implants were loaded with provisional resto-
rations. The measurements were taken at the
time of provisional installation, and repeated
at 3 and 15 months. This study used the inci-
sal margin of adjacent teeth as the reference.
As no statistically significant differences
were found at any sites between the sub-
merged and non-submerged implant groups,
weighted means at each examination visit
were calculated for the three sites. When
compared to the pre-surgical soft tissue lev-
els, the greatest loss was recorded at the time
of provisional restoration (mesial papilla:
—0.95 mm, distal papilla: —0.87 mm, buccal:
—0.79 mm), after which, little changes had
taken place (Fig. 4).

When soft tissue alterations upon immedi-
ate restoration were compared to those after
delayed restoration, mean papilla shrinkage
was about twice as high in the delayed resto-
ration group (DRG] as the immediate restora-

tion group (IRG) at 3 months after
provisional restorations (De Rouck et al.
2009). However, in the following 9 months,
papillae in the DRG showed tendency to fill
the proximal spaces, and the differences
between the groups became smaller. On the
other hand, mid-facial soft tissue loss showed
little or no variation over time in both
groups. The apical displacement of the buccal
mucosal level was always about 2-3 times
the magnitude in the DRG compared to the
IRG during the 1-year observation period. It
was concluded that this difference favoured
immediate restoration (De Rouck et al. 2009)

(Fig. 5a—c).

Papilla fill

Five studies provided information on the
papilla fill after immediate implant place-
ment. Implants in three studies (Cornelini
et al. 2005; Kan et al. 2007a; Cornelini et al.

Cordaro: soft tissue changes after delayed restorations

0 T T

3 6 9 12 15
_01 -
02 —@— Mesial papilla
’ =3¢&=Distal papilla
-03 A Buccal mucosal level
-04 A
-0.5 -
-0.6 -
07 -0.73
' -0.79 —X
-0.870:87g 79 —We=—___ 078
o 750.84
-0.9 ’
—1-0.95 -0.92

Fig. 4. Soft tissue changes after immediate implant placement and conventional loading [months after provisionals]

(Cordaro et al. 2009): provisionals were installed 3 months after implant placement.
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2008) immediately restored, while
implants in the other two studies (Linde-
boom et al. 2006a; Juodzbalys & Wang 2007)
were conventionally restored. All of them
used the papilla index (Jemt 1997) to describe

were

the fullness of the papillary fill.

The former three studies involved a total
of 156 papillae. At the end of the observation
period, 51% of the papillae achieved a score
2, i.e. the papilla was greater than half the
height of the proximal space. The remaining

(a) Distal papilla

49% achieved a score 3, i.e. the papilla fills
the entire proximal space. Fifty-one papillae
were assessed after conventional loading.
Forty-five percent belonged to score 2 and
55% achieved score 3.

Kan et al. (2007a) also investigated the
change of distribution of papilla fill within
the first year following immediate implant
placement and immediate restoration. Of the
44 papillae examined, more than 90% scored
2 or 3 at every examination visit, and the
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number of papillae achieving score 3 contin-
ued to increase from implant placement and
provisional insertion up until 6 months, after
which papillae seemed to be stable (Fig. 6).

Pink Aesthetic Score (PES)

Only one study in the 46 included evaluated
soft tissues using the PES (Juodzbalys &
Wang 2007). Fourteen implants were placed
in the region of upper incisors in 12 patients.
GBR technique was employed. In case of soft
tissue deficiency, connective tissue graft
obtained from the palatal vault was used to
cover the implant. Implants were firstly
restored with provisional restorations at
6 month, then with definitive crowns at
12 month. One year after definitive crown
cementation, the mean PES was 11.1. Incom-
plete mesial and distal papillae (64.3%), and
alveolar process deficiency (42.9%) were com-
mon, and a minor discrepancy of buccal
mucosal level of 1-2 mm was observed in
21.4% of cases.

Hard tissue change

Immediate implant placement and immediate
loading

Generally, immediate implants in most stud-
ies experienced bone loss. The 1-year studies
showed that the loss was less than 1 mm
(range: gain 1 mm-loss 0.98 mm) in the first
year, and longer-term studies demonstrated
that after the first functioning year bone lev-
els became stable.

De Rouck et al. (2008a, 2009) described
the longitudinal radiographic marginal bony
changes at 3, 6 and 12 months after immedi-
ate implant placement and immediate provi-
sional restoration. The weighted means
showed that from 3 to 12 months, there was
a continuous loss of marginal bone from
0.51 £ 024 mm (Q=0.05, P=0.83] to
0.95+0.35 mm (Q =0.01, P=0.93) at the
mesial site, and from 0.52 = 0.46 mm (Q =
001, P=091) to 0.79+039mm (Q =
0.0001, P = 0.99) at the distal site. Half of the
bone loss measured in the first year occurred
in the first 3 months (Fig. 7).

Three studies (Calvo-Guirado et al. 2009;
Crespi et al. 2009a; Canullo et al. 2009a)
reported changes of marginal bone levels
around immediately placed and immediately
restored implants using platform-switching
method. In the study of Calvo-Guirado et al.
(2009), the mean bone loss after 1 year of
function was 0.08 mm on the mesial surfaces
and 0.09 mm on the distal surfaces. The
small bony changes were in accordance with
those reported in the RCT by Canullo et al.

55 | clin. Oral. Impl. Res. 23(Suppl. 5), 2012/39-66



Lang et al- Systematic review on Type 1 implants

100% 7 —3¢=Score0 —3¢—Score 3
90% - =—@=—Scorel =—#—Scored
80% Score 2 72.73% 72.73%
68.18% . -,
70% A 7% r o &
60% 54.55%
50%
209, 36:36%
.36
27.27% 5
30% 1 20.45% 5%
20%
10% 4.535% 2.27% 4.55% 227%

4.
0% o

6

: T7%00%
9 12

Fig. 6. Change of distribution of papilla fill in the first year following immediate implant placement and immediate

restoration. (Kan et al. 2007a,b)

(2009a), which showed that after about
2 years of loading, the platform-switching
group experienced bone loss of 0.25 mm me-
sially and 0.36 mm distally; the bone loss
was more significant in the platform-match-
ing group, reaching 1.13 mm and 1.25 mm
on mesial and distal surfaces, respectively.
On the contrary, in the study by Crespi et al.
(2009a), no significant differences in the bony
changes between the two groups were found.
The bone loss ranged 0.73-0.84 mm at the 1-
year follow-up and 0.68-0.80 mm at the end
of second year.

Immediate implant placement and conventional
loading

Authors used different baselines to measure
bony alterations around implants loaded con-
ventionally. Some used the bone level at the
time of implant placement as the baseline,
while the others chose the bone level at the
time of implant loading to be the baseline.
For those with baseline at implant place-
ment, bone loss of 1.01, 1.16 and 0.05 mm
after 5 years, 21 months and 15 months of
loading were reported, respectively (Crespi

et al. 2008; Cordaro et al. 2009; Prosper et al.
2010).

Three studies used the bone level at the
time of implant loading as the baseline (Ju-
odzbalys & Wang 2007; Botticelli et al. 2008;
Gokcen-Rohlig et al. 2010). Juodzbalys &
Wang (2007) concluded that
1.16 mm bone loss 1 year after prosthetic res-
toration. Also, Gokcen-Rohlig et al. (2010)
revealed bone loss of 0.72 mm and 1.36 mm
at l-year and 2-year follow-up, respectively.

there was

It was reported that two of four implants in
one patient, which were used to support a
fixed complete denture, experienced suppura-
tion on probing; however, the suppuration
resolved following local debridement and
institution of strict oral hygiene practices. It
was unclear if the substantial bone loss
observed during the second year of function
was due to biological complications or over-
loading. On the other hand, Botticelli et al.
(2008) reported a mean bone gain of 0.2 mm
after 5 years of loading (range: 0.22 mm loss
to 0.41 mm gain). The minimal bony changes
were attributed to the carefully supervised
oral hygiene programme throughout the

1-year hard tissue change following immediate implant and immediate
restoration
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Fig. 7. Hard tissue changes in the first year following immediate implant placement and immediate restoration.
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whole observation period, with low plaque
(11-17%) and bleeding (15-20%) scores at all
follow-up visits.

Discussion

This systematic review showed that implants
placed immediately in fresh extraction sock-
ets yielded a low annual failure rate of 0.82%
(95% CI: 0.48-1.39%) translating to a 2-year
survival rate of 98.4%. It should be noted
that this systematic review assumed a con-
stant annual failure rate throughout the fol-
low-up time after implant placement. With
the knowledge that most implant failures
occur in the first year, and that the current
review has an annual failure rate based on
studies with a mean observation period of
2 years, the rate derived should not be extrap-
olated to longer follow-up times. Therefore,
studies with a mean follow-up period of
3 years or longer were analysed separately,
reaching the 4-year implant survival rate of
97.5%. This percentage is comparable to the
96.8% 5-year survival rate of implants sup-
porting single crowns reported in a previous
systematic review (Jung et al. 2008).

In reference to the Third ITI Consensus
Conference (Himmerle et al. 2004), place-
ment of implants is categorized by the heal-
ing timing following extraction as Type 1
immediate (within 24 h of extraction), Type
2 early (4-8 weeks after extraction), Type 3
early-delayed (12-16 weeks after extraction)
and Type 4 late (more than 6 months). This
classification is based on the time that
elapsed after tooth extraction approximating
the soft and hard tissue characteristics of
healing sockets according to the morpho-
logic, dimensional and histologic changes. In
this systematic review, the survival rate of
Type 1 placements was subject to evaluation.

However, a number of factors may affect
the outcomes of procedures other than the
timing of implant placement alone. Upon the
timing of implantation, the type of the bone,
the location and dimension of the edentulous
area and the history of oral diseases are influ-
ential and should be considered in the assess-
On the other hand,
protocol involved many steps influencing the
outcomes as well. The approach chosen to
perform the implant placement, such as with

ment. the surgical

or without flap access, the selection of the
implant type, the decision for the necessity
of regenerative procedures and the selection
of regeneration materials, the determination
of the timing may all influence the outcomes
of such procedures. Among the 46 studies in
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this systematic review, as many variables as
possible were addressed. Nonetheless, five
variables were discretely analysed.

Antibiotics

Infection should ideally be prevented after
implant surgery. One of the proposed methods
to minimize infection is the prescription of
antibiotics to subjects undergoing implant
surgery. The choice of antibiotics should be
that it covers a reasonable bacterial spectrum
to limit potential pathogens from colonizing
in the vicinity of the surgical sites. When
comparing subjects who had received a single
dose pre-operatively, 5-7 days
tively, and a single dose pre-plus 5-7 days
post-operative course of antibiotics, the esti-

post-opera-

mated annual failure rates were 1.87%, 0.51%
and 0.75% respectively. The annual implant
failure rate in patients who were only given
the single-dose of antibiotics pre-operatively
was statistically significantly greater. This
demonstrated that secondary to the prescrip-
tion of an effective antibiotic, the duration of
usage might be of importance. A single dose of
antibiotics prior to surgery did not sustain the
suppression of bacterial levels below the criti-
cal threshold throughout the healing period,
but provision of antibiotics for 5-7 days after
surgery may have helped to prevent post-oper-
ative infection, and hence, contribute to
higher implant survival rates. However, these
findings should be interpreted with caution,
as the number of implants included in the sin-
gle-dose pre-operative antibiotics group was
substantially fewer.

Reasons for extraction

Implant sites with a history of periodontal
disease may vyield decreased survival rates.
Many studies showed significantly more bio-
logical complications (Karoussis et al. 2003),
greater peri-implant marginal bone loss (Men-
gel et al. 2007; De Boever et al. 2009), and
increased implant failure rates (Hardt et al.
2002) in periodontitis susceptible subjects
than periodontitis non-susceptible subjects.
Furthermore, a recent review indicated that
subjects with a history of periodontitis might
be at greater risk for peri-implant infections
(Renvert & Persson 2009). So, the comparison
between implants placed into extraction
sockets for non-periodontally related and
periodontally related reasons was attempted
in the present review. Unfortunately, not a
single prospective study reported on a group
of subjects with teeth extracted solely due to
periodontal disease. Therefore, the compari-
son between implants placed in extraction
sockets for non-periodontally related reasons,

© 2011 John Wiley & Sons A/S

vs. mixed periodontal and non-periodontal
reasons, was attempted. The two examined
groups yielded comparable implant survival
rates, although that of the non-periodontal
group was slightly higher.

Site (maxilla/mandible)

Primary stability is of paramount importance
for implant survival. Secondary to the dimen-
sions of the extraction socket, the relative
proportion of the load-bearing lamellar bone
vs. cancellous bone also determines primary
stability. As the mandible is comprised of a
larger proportion of lamellar bone than in the
maxilla, it is speculated that implant survival
rates are correspondingly more favourable in
the mandible. Accordingly, the 933 implants
placed in the maxilla had an estimated
annual failure rate of 0.73% compared to the
731 implants housed in the mandible, where
the annual failure rate was 0.50%. This dif-
ference, however, was not statistically signif-
icant. One possible explanation could be that
most of the studies adhered to a strict surgi-
cal protocol, where immediate implants were
installed with a minimal insertion torque,
and 3-4 mm apical bony engagement was
ensured. Therefore, primary stability was
achieved for all of the implants.

Site (anterior/posterior)

Due to the wider socket dimensions in
multi-rooted tooth sites, it was speculated
that there is a decreased amount of implant
surface in direct contact with the adjacent
bone walls. This might impede the achieve-
ment of optimal primary stability. However,
as evidenced in this review, the difference in
survival rates between implants placed in
anterior single-rooted and posterior multi-
rooted sockets was negligible. This could
again, be attributed to the surgical protocol,
where minimal insertion torque and engage-
ment of bone apical to the socket was propa-
gated. Moreover, usage of different diameter
implants matched to the various socket
dimensions could have contributed to the
observed minimal difference.

Loading

Corroborating the findings by Gallucci et al.
(2009), the utilized loading protocols did not
result in any significant difference with
regard to survival rates. Immediately loaded
and conventionally loaded had
reported implant survival rates of 98.2% and
98.5%, respectively after a 2-year observation

implants

period. In most of the studies reporting on
immediate loading, the inserted restorations
were free of contacts in centric occlusion and

Lang et al - Systematic review on Type 1 implants

during excursive movements; utilizing such
an occlusal scheme, micromovements of
implants were certainly limited. Therefore, it
is not surprising to note that the differences
in survival rates between the two groups
with varying loading protocols were not sig-

nificant.

Success

A successful treatment should be the treat-
ment with absence of any biological, techni-
cal and aesthetic complications. Since all
these complications take time to develop,
this systematic review assessed a total of
nine studies with the mean follow-up time of
3 years or more for the estimation of the suc-
cess rates of implant-related therapy.

Biological complications

Peri-implant mucositis and peri-implantitis
have been shown to be prevalent. A system-
atic review (Zitzmann & Berglundh 2008)
that peri-implant
occurred in approximately 80% of the sub-

concluded mucositis
jects and in 50% of the implants; while peri-
implantitis was found in 28% and >56% of
subjects and in up to 43% of implant sites.

Diagnosis of peri-implant diseases required
assessment of the presence or absence of
bleeding on probing (BOP) in the peri-implant
soft tissues, and changes in the level of cres-
tal bone (Lang & Berglundh 2011). Three of
the nine studies reported on BOP. In one
study (Bianchi & Sanfilippo 2004), 31% of
the implants showed signs of peri-implant
mucositis.

Seven studies described hard tissue condi-
tions. An unusual amount of marginal bone
loss was seen in 4.3% of implants in the
study of Covani et al. (2004a,b). However, in
the absence of the report on BOP, it was
difficult the prevalence of
peri-implantitis.

to estimate

Technical complications

Three studies assessed technical complica-
tions, among which two were free from this
type of complication and one study (Covani
et al. 2004b) had loosening of abutment
screws occurring in 9.8% of implants sup-
porting single crowns during the 4 years of
function. This finding is comparable to that
the
implant-supported single crowns (Jung et al.
2008),
incidence of screw or abutment loosening of
12.7% in 5 years. The technical complica-

reported in systematic review on

which demonstrated a cumulative
tions in implant-supported reconstructions
are generally three times as high as those in

tooth-supported reconstructions (Pjetursson
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et al. 2007). This may be explained by the
ankylotic union of implants and the bone,
and the lacking of a periodontal ligament
around implants, subsequently resulted in
the increased threshold to mechanorecptive
responses.

Aesthetic complications

Although not included in previous descrip-
tions of implant success criteria (Albrekts-
1986), the aesthetic aspect of
implant-supported restorations has attracted
more attention in recent years. Despite the

son et al.

high survival rate of immediate implants,
which has been addressed in this system-
atic review, soft tissue alterations, espe-
the
recession, appeared to be inevitable. About
20% of patients in the two included studies
with follow-up time >3 years (Bianchi &
Sanfilippo 2004; Botticelli et al. 2008) suf-
fered from restorations with limited aes-

cially buccal marginal mucosal

thetic outcomes due to buccal soft tissue

recession. It was in accordance with a
recent follow-up study by Kan et al. (2011),
which stated that while the mean aesthetic
satisfaction rating by patients was almost
perfect (9.9 of 10) at the 1-year recall, 4 of
35 patients (11%) complained of unsatisfac-
tory restorations caused by facial gingival
recession after a longer period of observa-
tion (mean 4 years, range: 2-8.2 years).
Three of these subjects agreed to undergo
additional guided bone regeneration and
connective tissue grafting surgeries to cor-
rect the problem.

When immediate implant placement is
indicated, careful case selection and cautious
treatment planning are essential to minimize
aesthetic complications. Buccal soft tissue
recession has been shown to be closely
related to the thin tissue biotype (Kan et al.
2011) and buccally positioned implants (Chen
et al. 2007). In case of thin tissue biotype,
connective tissue grafting may have to be
performed (Bianchi & Sanfilippo 2004).

In recent years, several indices have been
developed to provide guidance on objective
and comprehensive assessment of aesthetic
outcomes of an implant restoration. They
include the Pink Esthetic Score (Firhauser
et al. 2005), the Implant Crown Aesthetic
Index (Meijer et al. 2005) and the modified
PES/White Esthetic Score (WES) (Belser et al.
2009). However, none of the long-term stud-
ies in this systematic review evaluated the
aesthetic outcomes using any of these indi-
ces. In the future, more routine utilization of
these indices is recommended for aesthetic

monitoring.
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Tissue changes

Soft tissue change
It was observed in three studies (Kan et al.
2003; De Rouck et al. 2008a, 2009) that the
bulk of the soft tissue changes occurred dur-
ing the first 3 months of healing after imme-
diate implant placement and immediate
restoration. Change of a smaller magnitude
was exhibited in the following 3 months but
stabilized after the first 6 months. At the end
of the first year, the weighted mean loss at
mesial papilla, distal papilla and mid-facial
0.49 mm, 0.36 mm
0.51 mm, respectively.

In a recent publication, Kan et al. (2011)

mucosa were and

followed up the same patient population as
the study published in 2003 for 2-8.2 years
(mean 4 years) and reported the soft tissue
changes beyond the first year evaluation.
When compared to the pre-surgical status,
mesial and distal papillae lost height of
0.53 mm and 0.39 mm at first year follow-
up; and lost 0.22 mm and 0.21 mm at the
last examination appointment. The signifi-
cantly smaller loss in papilla height over
time demonstrated that papillae might have
the capacity of continuous regrowing follow-
ing implant restoration. It is also important
to note that gingival biotype did not signifi-
cantly influence the papilla level changes.
Both biotypes showed loss in height of
0.21 mm at last examination visit. The papil-
lary height might be more likely to be
affected by factors such as proximal bone
level of neighbouring teeth and the dis-
tance between the implant and adjacent
tooth.

On the other hand, significantly more
recession was reported at the facial mucosa
at the last examination visit than the first-
year follow-up (—1.13 mm vs. —0.55 mm),
and significantly more apical displacement
occurred in patients with thin gingival bio-
type than those with thick gingival biotype
(—=1.50 mm vs. —0.56 mm). In a closer look
at the mean facial gingival level changes at
the 1-year and final (mean of 4 years) exam-
inations, the subjects with a thin biotype
had a greater 1-year mean recession
(—0.75 £ 0.59 mm) than the final recession
observed in subjects who carry a thick bio-
type at (—0.56 £ 0.46 mm). Needless to say,
the subjects with a thin biotype had the
final observation
(—1.5 £ 0.88 mm). Therefore, it is speculated

most recession at the

that these limited aesthetic results were
mainly witnessed in subjects with a thin bio-
type and only gradually manifested at a later
life of the immediate implant supported res-

toration caused by progressive facial gingival
recession.

The above results showed that although
the greatest changes in soft tissues took place
in the first 6 months following immediate
implant placement and immediate restora-
tion, soft tissue remodelling might continue
over the years. While mesial and distal papil-
lae had tendencies to gain height, buccal
mucosal recession might get more pro-
nounced over time.

Apical displacement of the mucosa was
also inevitable in the case of delayed loading.
(2009) concluded that the
greatest loss was recorded at the time of pro-

Cordaro et al.

visional restoration, which was carried out
3 months after implant installation (mesial
papilla: —0.95 mm, distal papilla: —0.87 mm,
—0.79 mm). In the following
9 months of the study, little changes had
taken place (Fig. 3).

buccal:

One randomized clinical trial (De Rouck
et al. 2009) compared longitudinal changes of
papilla height and position of the buccal
mucosa between immediately and conven-
tionally restored implants after immediate
implant placement. Papilla shrinkage and the
apical displacement of buccal mucosa were
of a lesser extent in immediate restored
implant group at the 3-month follow-up.
Nevertheless, at the 12-month re-examina-
tion, the two groups vyielded comparable
results when examining the change in papilla
height. However, the differences in the posi-
tion of the buccal mucosa persisted through-
out the 12-month observation period. The
authors thus concluded that immediate resto-
ration of immediate implants might help
limit buccal recession, but more randomized
clinical trials of longer follow-up period are
required before any definitive conclusions
can be drawn on this issue.

In addition to the dimensional changes of
soft tissues, the prevalence of mucosal reces-
sion should also be noted. Chen et al. (20074,
b) investigated this aspect among immedi-
ately placed delayed restored implants. In
this prospective clinical study, 30 patients
were randomly assigned to one of the three
groups: (i) bone graft group (BG), (ii) bone
graft and resorbable membrane group (BG
+M), and (iii) non-grafted group (control).
After 6 months of initial healing, 10 of 30
sites (33.3%) showed buccal marginal tissue
recession (range: 1-3 mm), where three were
from the BG group, four from the BG+M
group and three from the control group. Five
of the 10 patients with recession and two
patients without recession then received con-
nective tissue grafts to repair or prevent the
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recession. At the time of final crown installa-
tion at 8 months, 8 of 30 sites exhibited mar-
ginal tissue recession when compared to
contralateral teeth and thus suboptimal aes-
thetic results, among which three sites had
previously received connective tissue grafts.
The that
implants placed in extraction sockets were
not able to prevent soft tissue loss, especially
the buccal marginal tissue recession. The

current evidence indicated

amount of soft tissue alterations, however,
was determined by many factors. While
potential benefits of immediate restoration of
an implant required further investigation,
some fundamental factors should not be over-
looked to minimize recession. The prospec-
tive study mentioned (Chen et al. 2007)
demonstrated a significant relationship
between the frequency of recession and the
bucco-lingual position of the implants. Six of
the eight implants, which showed marginal
tissue recession, were placed at or buccal to
the reference line joining the buccal cervical
margins of adjacent teeth. Similarly, a retro-
spective study (Chen et al. 2009) also noted
that implants placed more buccally experi-
enced greater recession than implants placed
lingually (—6.9% vs. —2.6%).

This latter concept has also been con-
firmed with re-entry surgery at 4 months in a
randomized controlled clinical trial of
implants installed immediately into extrac-
tion sockets (Tomasi et al. 2010).

Furthermore, recession of >5% was more
prevalent at sites with thin periodontal bio-
types than at those with a thick biotype.
Therefore, when immediate implant place-
ment is indicated, careful pre-surgical exam-
implant
placement of implants in the prosthetically
correct position should be carried out to

ination of future sites and

achieve and maintain satisfactory aesthetic
outcomes.
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Hard tissue change
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should pay more attention to evaluate
peri-implant tissues by periodontal prob-
ing and radiographs.

4. Technical complications were not com-
monly reported in studies with follow-up
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Exclusion criteria: not reporting on immediate
implants.

Calandriello, R., Tomatis, M. & Rangert, B. (2003a)
Immediate functional loading of branemark sys-
tem implants with enhanced initial stability: a
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