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Aim: To assess the outcome of immediate or early placement of implants after tooth extraction sup-
porting a single-tooth restoration with focus on the marginal bone level and its stability over time.
Material and methods: An electronic literature search without time restrictions was conducted of the 
Medline/PubMed database accompanied by a handsearch. Clinical human studies reporting on peri-
implant marginal bone level (BL) and/or changes in bone level (BLC) and with a follow-up period of 
at least 12 months were selected for the present review.
Results: The search strategy resulted in 816 articles and 115 relevant publications were included for 
full-text analysis. Only few randomised controlled trials exist comparing immediate or early implant 
placement with placement in healed bone (the conventional protocol). Summarising the results from 
prospective studies, it was found that the mean marginal bone loss around immediately or early 
placed implants from baseline (at implant placement or placement of restoration) to the latest follow-
up visit (between 1 and 10 years) was less than 1.5 mm. 
Conclusion: The current literature indicates that immediate or early placement of single-tooth 
implants after tooth extraction may be a viable treatment with long-term survival rates and mar-
ginal bone level conditions matching those for implants placed conventionally in healed bone 
ridges.

 Introduction

Peri-implantitis can affect the supporting soft and 
hard tissues around an oral endosseous implant 
and is characterised by bleeding and/or suppu-
ration on probing and marginal bone loss. Poor 
oral hygiene, misfit between implant components 
and remnants of cement in the marginal sulcus are 
some of the contributors to peri-implantitis, which 
may compromise the survival of the implant and 
overall success of treatment1. Inappropriate load-
ing conditions have been blamed for causing loss 
of peri-implant bone however the level of evidence 

is weak and does not indicate that overload per se 
can lead to peri-implant bone loss2. In contrast, in 
the presence of peri-implant inflammation, exces-
sive mechanical occlusal load seems to aggravate 
the plaque-induced tissue breakdown3, which in 
the worst case may lead to total loss of osseo-
integration.

A myriad of treatment concepts for implant-
based prosthodontic rehabilitation has been sug-
gested and it is imperative to clarify if the protocol, 
for example the timing of treatment, has an impact 
on marginal bone loss or gain after implant place-
ment as well as the long-term marginal bone level. 
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aesthetic outcome of implant-supported prostho-
dontics. Another potential advantage of preserving 
the bone walls would be that ridge augmentation is 
needed to a lesser extent.

Even though the immediate implant placement 
concept seems appealing, one could imagine some 
critical factors associated with it. Are we in fact 
sure that bone height around the implant can be 
preserved by immediate placement? Presence of 
periodontal or periapical/endodontic infections may 
interfere with healing and survival of the implant. 
The socket anatomy may influence the potential for 
obtaining primary implant stability, for example it 
appears reasonable to assume that a missing buccal 
bone plate or a molar extraction site would be more 
challenging. Furthermore, the surgical and prosthetic 
protocols may play a role. Flapless surgery has been 
suggested as an attempt to avoid bone resorption 
that may occur due to exposure of the underlying 
bone after raising a surgical flap8. It is also relevant to 
consider if immediate or early loading of an implant 
placed in a fresh extraction socket would be detri-
mental for the healing process or if this approach on 
the contrary may be beneficial.

Several studies have reported that successful out-
comes are achievable when implants are inserted 
immediately after tooth extraction, with similar 
survival rates in comparison to implants inserted in 
healed sites, while other studies have found higher 
failure rates9,10.

This systematic review was conducted to assess 
the outcome of immediate or early placement of 
implants after tooth extraction, supporting a single-
tooth restoration, with focus on the long-term mar-
ginal bone level.

 Material and Methods

 Search strategies

An electronic literature search of the Medline/Pub-
Med database, without time restrictions, was con-
ducted and was completed on March 17, 2015. The 
following terms were used in the search strategy: 
(“Dental implant” OR “Oral implant” OR “Dental 
implantation” OR “Oral implantation” OR “Tooth 
implant” OR “Tooth implantation” OR “Dental 

The conventional protocol for treatment with 
intra-oral implants proposed by Brånemark4 dictates 
a time interval of 3 to 6 months between extrac-
tion of a tooth and placement of the implant allow-
ing soft tissue and bone healing at the extraction 
site. Furthermore, the protocol advocates a wait-
ing period of at least 3 months before loading the 
inserted implant. 

Two strategies have been followed to challenge 
the original protocol in order to reduce the treatment 
time. One alternative is to insert the implant immedi-
ately or soon after tooth extraction (termed immedi-
ate/early implant placement). Another alternative is 
to restore the implant (with or without occlusal load-
ing) immediately or soon after placement (termed 
immediate/early restoration or loading). The strate-
gies combined could minimise the overall treatment 
time dramatically. Ultimately, a patient may have 
one or more teeth extracted and will leave the den-
tal office the same day with a single or multi-unit 
implant-supported restoration. This new protocol 
has been termed immediate or early replacement in 
the literature5,6.

The reduction in treatment time is mainly due 
to fewer interventions and visits at the clinic and 
may be appealing for both the surgeon/clinician 
and patient in terms of increased effectiveness and 
satisfaction, and lower expenses. However, it is im-
portant to emphasise that this new approach should 
not be associated with a higher risk and more com-
plications compared with the conventional protocol 
or require a disproportionate amount of extra train-
ing or special skills.

It has been speculated if placement of implants in 
fresh extraction sockets (immediate placement pro-
tocol) may also be beneficial from a biologic point 
of view. It is widely accepted that height and width 
(buccolingual) alterations in the alveolar ridge occur 
after tooth extraction and that most of these changes 
will occur within the first 3 months of socket heal-
ing7. These physiological dimensional changes may 
have a negative impact on the subsequent implant 
placement. By placing the implant immediately or 
early after tooth extraction and therefor before the 
narrowing and loss of bone ridge height has taken 
place, it might be easier to ensure proper position-
ing (apicocoronal and buccolingual) and angulation, 
which is indeed important for the functional and 
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implants” OR “Oral implants” OR “Tooth implants”) 
AND (“Single implant” OR “Single-tooth” OR 
“Single tooth” OR “Single-crown” OR “Single 
crown” OR “Single restoration” OR “Single 
implants” OR “Single-teeth” OR “Single teeth” OR 
“Single-crowns” OR “Single crowns” OR “Single 
restorations”) AND (“Fresh extraction socket” OR 
“Fresh-socket” OR “Immediate placement” OR 
“Immediate insertion” OR “Immediate installa-
tion” OR “Immediate implant” OR “Immediate 
implants” OR “Immediately placed” OR “Imme-
diately inserted” OR “Immediately installed” OR 
“Immediate-delayed placement” OR “Immediate-
delayed insertion” OR “Immediate-delayed instal-
lation” OR “Immediate-delayed implant” OR 
“Immediate-delayed implants” OR “Immediate-
delayed placed” OR “Immediate-delayed inserted” 
OR “Immediate-delayed installed” OR “Delayed-
immediate placement” OR “Delayed-immediate 
insertion” OR “Delayed-immediate installation” 
OR “Delayed-immediate implant” OR “Delayed-
immediate implants” OR “Delayed-immediately 
placed” OR “Delayed-immediately inserted” OR 
“Delayed-immediately installed” OR “Early place-
ment” OR “Early insertion” OR “Early installation” 
OR “Early implant” OR “Early implants” OR “Early 
placed” OR “Early inserted” OR “Early installed” 
OR “Delayed placement” OR “Delayed insertion” 
OR “Delayed installation” OR “Delayed implant” 
OR “Delayed implants” OR “Delayed placed” OR 
“Delayed inserted” OR “Delayed installed” NOT 
(“animal” OR “animals” OR “dog” OR “dogs” OR 
“pig” OR “pigs” OR “in vitro” OR “cadaver” OR 
“case report”).

Furthermore, the reference list of 16 recent and 
relevant reviews9-24 was manually searched. 

 Study selection

Titles and abstracts of the identified publications 
were screened by the authors and full-text articles 
were obtained for all potentially relevant studies.

Clinical studies were included in this systematic 
review, while the following criteria for exclusion 
were applied: case reports, technical reports, animal 
studies, in vitro studies and review papers. In addi-
tion, to be eligible for inclusion, publications must be 
published in English, include at least 10 implants in 

the test group (immediate or early implants), have 
a follow-up period of at least 12 months and report 
on peri-implant marginal bone level (BL) and/or 
changes in bone level (BLC). In studies including 
both single and multiple implant restorations, data 
on BL and BLC had to be reported separately for the 
single-tooth restorations. Similarly, in studies evalu-
ating different timing protocols for implant place-
ment, publications were excluded if data reporting 
did not differentiate amongst the protocols.

The following study information and treatment 
outcomes were extracted for randomised clinical 
trials (RCTs) and prospective controlled clinical tri-
als (CCTs): author and publication year, follow-up 
period, implant placement protocol(s), number of 
patients and implants, implant survival rate, BL 
and/or BLC, implant site, loading protocol, implant 
system and tissue augmentation. Furthermore, for 
studies reporting on the buccal bone level assessed 
by cone beam computed tomography (CBCT), the 
same information was obtained for RCTs, CCTs and 
prospective clinical studies without a control group 
(PCTs). 

 Definitions

Various terms have been suggested in the literature 
with regard to defining the time of implant place-
ment after tooth extraction. In the present review, 
the terms used in the included publications were 
presented in the text and tables, and in the tables, 
the actual interval between tooth extraction and 
implant placement was stated if mentioned by the 
author. The term immediate referred to implant 
placement in fresh extraction sockets (on the same 
day as tooth extraction).The terms early or delayed-
immediate referred to implants placed up to 8 weeks 
after extraction. The terms delayed or late implants, 
or healed sites referred to placement after a healing 
period of at least 2 months.

Marginal bone level (BL) in radiographs (peri-
apical and CBCT) was defined as the distance from 
implant shoulder/platform to the first visible bone-
to-implant contact (BIC). A positive value indicates 
a BL located apical to the shoulder and vice versa. A 
positive value for marginal bone level change (BLC) 
indicated a bone gain. A negative value for BLC indi-
cated a bone loss.  
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 Results

 Literature search

The PubMed/Medline search resulted in 794 poten-
tial articles and screening of the 16 review papers 
identified an additional 22 possible articles. Titles 
and abstracts (and full-texts in case the authors 
were in doubt if the inclusion criteria were fulfilled) 
were screened and 701 of the total 816 articles were 
excluded: 471 unrelated to the topic, five not in the 
English language, two ex vivo, three review papers, 
seven technical reports, 76 not reporting BL or BLC 
values, 13 not reporting BL/BLC separately for 
single-tooth restorations, 39 not reporting BL/BLC 
separately for immediate or early placed implants, 65 
including less than 10 implants in the test group and 
20 with a follow-up period of less than 12 months. 

Thus, 115 relevant publications were included for 
full-text analysis (Fig 1).

 Description of studies

Forty-five studies had an observation period of 
1 year, seven studies a follow-up between 1 and 
2 years, and 63 studies a follow-up period of 
2 years or more. Seven publications with an RCT 
design were identified; six of them with a follow-up 
period ≥ 2 years, however, four papers were from 
the same author group and dealt with the same study 
population. Eighteen publications reported on CCTs 
with one or more control groups, of which half had 
a follow-up period ≥ 2 years. Seventy studies were 
PCTs, i.e. without a control group (33 with a follow-
up ≥ 2 years, 37 with a follow-up of 1 to < 2 years). 
Additionally, 20 retrospective studies (15 with an 
observation period ≥ 2 years, five with an observa-
tion period of 1 to < 2 years) were identified (Fig 1). 
The latter group of studies was not considered in 
detail in the following review of data. Ninety of the 
95 prospective, clinical studies retrieved through the 
present search strategy reported on the interproxi-
mal bone level in intraoral, periapical radiographs, 
while five reported on the buccal bone level analysed 
by CBCT.

Publications from six RCTs are displayed in 
Table 1 while one RCT reporting on the buccal bone 
level analysed by CBCT is displayed in Table 2. Three 
articles by Schropp et al25-27 compared the inter-
proximal marginal bone level of implants placed 
early (also termed delayed-immediately) with that 
of delayed-placed implants at 2 and 5 years, respect-
ively, after implant placement, and after 10 years 
these groups were compared with a late group com-
prising of implants placed approximately 1.5 years 
after tooth extraction in the premolar or molar 
regions. From crown delivery to 10-year follow-up, 
no changes in mean BL for the early group, a minor 
bone loss of 0.2 mm for the delayed group, and a 
minor bone gain of 0.2 mm for the late group were 
found. No statistically significant differences in mean 
BL values at 10 years were seen amongst the groups. 
Since the groups were not equally represented with 
implants in the incisor and molar regions, the authors 
carried out a separate analysis for implants replacing 
a premolar28 and also found for this region alone 

Fig 1  Study search strategy.
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no significant difference in interproximal BL among 
the groups (early: 2.29 mm, delayed: 1.61 mm, late: 
2.16 mm; P = 0.56). The three other RCTs29-31 eval-
uated the patients at 1 year, 1.5 to 2 years or 2 years, 
respectively, after implant placement. All implants in 
these studies had replaced anterior/premolar teeth 
in the maxilla. Palattella et al29 compared immediate 
implants with implants placed 8 weeks after tooth 
extraction (early); Block et al30 compared immediate 
implants with implants placed 16 weeks after extrac-
tion (delayed); and Lindeboom et al32 compared 
implants placed in periapically infected extraction 
sockets (immediate) with implants placed 12 weeks 
after extraction. For those RCTs, a mean marginal 
bone loss of 0.5 mm interproximally was found, or 
the BL was situated less than 0.5 mm apically to 
the implant shoulder, during the most recent control 
visit, irrespective of timing protocol; no statistically 
significant differences existed between test and con-
trol groups.

The trend for the CCTs comparing immediate or 
early placement with delayed or late placement, or 
immediate with early placement (Table 3) was the 
same as that for RCTs. Statistically significant differ-
ences between test and control groups were noted in 
only three out of 16 papers33-35. Cooper et al33 dem-
onstrated marginal bone gain at immediate implants 
and bone loss at implants placed in healed bone 
(statistically significant difference in BLC), resulting in 
a non-significant difference in bone levels between 
the groups at 1 year. This was the only CCT where 
the mean bone level was situated more than 1 mm 
apical to the implant shoulder, which was at immedi-
ate implants. Vandeweghe et al35 found a significant 
difference in bone loss (0.4 mm; P = 0.016) between 
immediate and delayed implants in favour of the 
former timing, while Carini et al34 found a signifi-
cant difference in bone loss (0.15 mm; P = 0.016) 
between immediate and early implants, also in 
favour of the former timing. The maximum mean 
bone loss was 1 mm during the observation period, 
except in two studies35,36, that revealed a bone 
loss of 1.6 and 1.3 mm, respectively, for implants 
placed in healed bone. A bone gain interproximal to 
immediate implants was observed in several studies 
(Table 3). 

Thirty-one PCTs with a follow-up ≥ 2 years 
reported on the interproximal bone level (Table 4). 

All studies were dealing with immediately placed 
implants except one study37 where the implants 
were placed early (4 to 8 weeks after tooth extrac-
tion). Summarising the results, it was found that the 
mean marginal bone loss from baseline (typically 
at implant placement or placement of restoration) 
to the latest follow-up visit was less than 1.5 mm. 
Two-thirds of the studies had an observation period 
of 3 years or more. Seven studies reported the 
absolute marginal bone level (BL) measured as the 
distance between implant shoulder/neck and BIC. 
The maximum mean BL was 1.5 mm except in one 
study where mean BL was 1.5 and 1.7 mm for two 
groups38. In a study evaluating 116 implants, BL 
after 6 to 9 years was > 3.5 mm for 20% and 66%, 
respectively, of immediate implants with or without 
a connective tissue graft39.

The five prospective clinical studies reporting on 
the buccal bone level analysed by CBCT are listed 
in Table 2. Schropp et al28 presented data of the 
buccal bone level in patients from the same RCT 
included in Table 1. Ten years after implant place-
ment, the bone level was situated more apically in 
the early group compared with the delayed and late 
groups, however, the statistical tests revealed no 
significant differences amongst the groups. When 
analysing the premolar implants (represented in 
all three groups) separately, there was similarly 
no significant difference in BL amongst groups 
(early: 2.11 mm, delayed: 1.95 mm, late: 2.01 mm; 
P = 0.85). In a CCT by Miyamoto and Obama40, 
more buccal bone loss was found at immediate 
implants (BLC: -3.25 mm) than at delayed implants 
augmented with a xenograft and a non-resorbable 
membrane (BLC: -0.13 mm; statistically signifi-
cant difference), or a resorbable membrane (BLC: 
-0.70 mm; No statistically significant difference), 
during the observation period (28 months on aver-
age). Raes et al41 found no statistically signifi-
cant difference in bone level buccal to immediate 
implants compared with implants placed in healed 
bone at 1-year follow-up. 

Survival rates were high for implants irrespec-
tive of whether they were placed according to the 
immediate/early or conventional protocol. In one 
RCT30, four out of 26 immediate implants placed 
in the maxillary anterior or premolar regions had 
failed after 2 years corresponding to a survival rate 
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of 85% and a CCT42 demonstrated a survival rate 
of 67% for 12 immediate implants and 83% for 12 
delayed implants replacing molars in the mandible 
after 1 year. All other studies (Tables 1 to 4) demon-
strated survival rates higher than 90% for immedi-

ate/early implants and approximately 80% of the 
studies showed a survival rate of 95% or higher. In 
comparison, all studies with a control group (except 
the CCT by Atieh et al) showed survival rates of 95% 
or higher for delayed/late implants.

Table 4  Prospective clinical studies without control group(s) (PCT), reporting on interproximal bone level (BL) or BL change (BLC) with a minimum 
mean follow-up period of 2 years.

Author/year Number of 
implants

BL or BLC Follow-up SR

Barone et al 201467 30 BLC: -1.0 mm / -0.9 mm (two groups) 2 years 100%

Berberi et al 2014a68 20 BLC: -0.27 mm 3 years 100%

Berberi et al 2014c69 40 BLC: statistically significant bone loss (no values reported) 5 years 100%

Bianchi and Sanfilippo 200439 116 BL > 3.5 mm: 20% of implants for test (connective tissue graft) and 
66% of implants for control

6 to 9 years 100%

Buser et al 201137 20 BLC: -0.18 mm 3 years 100%

Calvo-Guirado et al 2014a70 71 BLC: -0.86 mm 3 years 100%

Calvo-Guirado et al 2014b71 86 BLC: -1.01 mm 10 years 97.1%

Calvo-Guirado et al 201172 64 BLC: -0.97 mm 5 years 97.1%

Canullo et al 201073 25 BLC: -0.55 mm / -0.34 mm (two groups) 3 years 100%

Canullo et al 200974 22 BLC: -0.30 mm / -1.19 mm (two groups) 25 months 100%

Chen et al 200775 26 BLC: -1.00 to -1.30 mm (three groups) 4 years 100%

Cosyn et al 201176 30 BLC: -1.13 mm (mesially) /-0.86 mm (distally) 3 years 96.0%

Covani et al 201477 47 BLC: -1.08 mm 5 years 95.7%

Covani et al 201278 159 Maximum BL was 1.50 mm in 98% of implants 10 years 91.8%

Covani et al 200479 163 BL at or coronal to the first implant thread in 91% of implants 4 years 97.0%

Crespi et al 200980 64 BLC: -0.78 mm / -0.73 mm (two groups) 24 months 100%

Crespi et al 201081 30 BLC: -0.82 mm / -0.86 mm (two groups) 24 months 100%

Crespi et al 200882 40 BLC: -1.02 mm / -1.16 mm (two groups) 24 months 100%

Groisman et al 200383 92 Maximum BLC was 2.0 mm for all implants 2 years 93.5%

Guarnieri et al 201584 21 BLC: -0.83 mm 
BL: 0.94 mm 

5 years 95.2%

Kahnberg 200985 40 BLC: -0.13 mm mesially / -0.19 mm (distally) 2 years 100%

Kan et al 201186 35 BLC: -0.72 mm (mesially), -0.63 mm (distally) 4 years 100%

Kolinski et al 201487* 60 BLC: 0.30 mm (gain) 3 years 98.3%

Malchiodi et al 201388 64 BLC < 1.00 mm loss in 95% of implants 
BL: 0.80 mm 

3 years 100%

McAllister et al 201289* 60 BLC: -0.10 mm 2 years 98.3%

Migliorati et al 201390 47 BLC: -0.06 mm / -0.17 mm (two groups) 2 years 100%

Mijiritsky et al 200991 24 BLC: -0.90 mm 40 months 95.8%

Prosper et al 201092 120 BL: 1.31 mm / 1.01 mm (two groups) 5 years 96.7%

Prosper et al 200393 111 BL: 0.70 to 0.80 mm / 0.73 to 0.80 (two groups) 4 years 97.3%

Shibly et al 201094 60 BLC: 1.19 mm (gain) / 1.00 mm (gain) (two groups) 24 months 95.0%

Truninger et al 201138 29 BL: 1.54 mm / 1.57 mm (mesially), 1.69 mm / 1.59 mm (distally) (two 
groups) 

3 years 100%

SR: survival rate
For the BLC a positive value means a gain and a negative value means a loss. 
For the BL a positive value means the BL is positioned apically to the implant shoulder/platform.
*  same study population
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 Discussion

The marginal bone level around an implant is one 
important criterion for the success of treatment. Loss 
of marginal bone following implant placement will 
not only possess a risk of implant failure, but also 
reduce the chance of achieving an optimal aesthetic 
outcome36, which in turn may affect patient satis-
faction.

The present systematic review focused on long-
term observation of the peri-implant bone level after 
placing single-tooth implants immediately in fresh 
extraction sockets or early after removal of the tooth. 
After scrutinising the literature for studies report-
ing on the peri-implant bone level at least 1 year 
after implant placement, it was revealed that only 
few RCTs exist, comparing immediate or early im-
plant placement with placement in healed bone (the 
conventional protocol). An additional 18 prospective 
studies assessing a test group (immediate or early) 
together with a control group (delayed or late place-
ment) were found.

Based on those studies that have monitored 
the marginal bone level around implants from 1 to 
10 years in periapical radiographs, it could be con-
cluded that the bone level or changes in bone level 
over time at the interproximal aspects differed only 
slightly between the alternative and conventional 
timing protocols, and no statistically significant dif-
ferences were found for the majority of the studies. 
The buccal bone level was assessed by CBCT in a 
few trials. In an RCT, the bone level at early placed 
implants was positioned 2.4 mm apically to the im-
plant shoulder at 10 years28, which did not differ 
significantly from the buccal bone level for delayed/
late implants. In a PCT43, the buccal bone level at 
immediate implants was 5.2 mm from the implant 
shoulder at the 7-year follow-up, and almost no buc-
cal bone was detected in approximately one-third of 
the implants, while a bone loss of 3.25 mm for seven 
immediate implants, 28 months after implant place-
ment, was revealed in a CCT40. 

Even though no substantial differences in bone 
level or survival rate were found among the implant 
placement protocols, it should be noted that out 
of the 22 studies that compared the interproximal 
bone level between test and control groups, the sur-
vival rate was higher for the delayed/late implants 

than for the immediate/early implants in 14 studies 
while the latter outmatched the control group in only 
one study. In this context, it must be emphasised 
that data for the marginal bone level should only be 
reported for implants surviving through the whole 
observation period, and even when this is the case, 
selection bias cannot be ruled out when comparing 
groups.

Several studies have shown that determination 
of the marginal peri-implant bone level in periapical 
radiographs is reliable44-47. Two studies found a sig-
nificant linear correlation between histomorphomet-
ric and radiographic parameters44,45. However, to be 
able to trust bone level measurements it is imperative 
that the periapical radiographs are recorded with 
optimal and standardised projections so that bone 
levels of the same implant can be compared at dif-
ferent time points. For example, a marginal bone 
gain observed over time when comparing two radio-
graphs may be due to remodelling, but could merely 
be a radiological phenomenon (different projection 
angles applied in the two radiographs). In studies 
evaluating bone levels radiographically, it is there-
fore important that the radiographic technique is 
well-described. In most of the papers included in 
this review, it was reported whether the periapical 
radiographs were obtained with the paralleling tech-
nique and/or standardised. It is, however, relevant 
to discuss how parallelism and standardisation are 
best achieved. For the clinician, it can be difficult 
to figure out the angulation of the implant in the 
buccolingual plane after its insertion. Thus, even 
though a film holder with an aiming device is used, 
in some cases the  central beam of the radiograph 
will not aim perpendicular to the long axis of the 
implant. Fortunately, it is easy to detect if parallelism 
has been obtained by assessing the sharpness of the 
implant threads. If the threads are blurred at one or 
both sides of the implant, the Right blur-raise beam/
Left blur-lower beam (RB-RB/LB-LB) rule48 can be 
applied to correct non-parallelism. Obtaining sharp 
implant threads in all images is also a simple way 
to standardise the projection angle so that reliable 
comparisons among them can be made. This has the 
advantage that fabrication of a bite-block attached 
to the film holder can be avoided.

One major drawback of intraoral, periapical 
radiography is that this radiographic technique only 
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displays the bone level mesially and distally to the 
implant. To radiographically detect the bone level at 
the buccal and oral aspects of the implant, it is neces-
sary to apply a technique which can produce cross-
sectional sections of the jaw. For that purpose, CBCT 
is a valuable tool. Corpas et al44 found statistically 
significant correlations in the depth of bone defects 
adjacent to implants between CBCT and histological 
sections (r = 0.61, P < 0.01). However, CBCT images 
yielded a bone defect depth underestimation of 
1.2 mm on average, compared with the histological 
data. In a comparison of CBCT and periapical images 
in measurements of the interproximal bone levels, no 
significant differences between the modalities were 
observed in one study28, whereas Raes et al41 found 
a low accuracy of CBCT (r = 0.325, P = 0.019) when 
assessing the bone level at implants placed in extrac-
tion sockets or in healed bone (BL was 0.70 mm in 
periapical images vs 0.23 mm in CBCT).

CBCT seems to be helpful in the evaluation of the 
peri-implant bone in the bucco-oral plane, however, 
it must be emphasized that besides higher radiation 
doses and higher expenses49,50, this modality is also 
associated with challenges regarding image quality. 
The presence of metal objects or other materials with 
a high atomic number in the region of interest will 
inevitably cause beam-hardening artefacts in a CBCT 
image51, and in turn may affect the image qual-
ity. Likewise, motion artefacts in CBCT are a well-
known phenomenon because this image modality 
is associated with a longer exposure time compared 
with for example fan beam CT scanning52. Artefacts 
often appear as black and white stripes and have 
previously been shown to impair the visibility of the 
peri-implant bone and preclude accurate assessment 
of the bone level44,53. Due to the inherent disad-
vantages of current CBCT equipment, the authors 
suggest that this modality should not be used as a 
standard when monitoring the hard tissues around 
an oral implant. 

When the marginal bone around implants is 
evaluated in longitudinal studies, data on bone level 
changes (loss or gain) during the observation period 
are usually reported. In contrast, relatively few 
papers report on the absolute bone levels at different 
follow-up visits. It seems relevant to know the mar-
ginal bone level expressed as the distance between a 
well-defined reference point (e.g. the implant shoul-

der/platform) and the first visible BIC, since this vari-
able is more informative regarding implant prognosis 
than bone level changes. For example, bone gain at 
one implant placed in a fresh extraction socket (with 
BIC positioned apically to the implant shoulder at 
baseline), and bone loss at another implant placed 
in healed bone (with BIC positioned at or coronally 
to the implant shoulder at baseline) may result in a 
BIC positioned at the same level at the end of the 
follow-up period for both cases. It was also noted 
that publications most often only report mean (or 
median) values for the BL or BLC. It would be use-
ful if, additionally, the implant cases were divided 
into subgroups, with respect to BL or BLC and fre-
quencies calculated since specification merely of the 
average BL/BLC might conceal serious problems for 
some of the implants.

The choice of surgical and prosthetic protocols 
in relation to implant treatment and the immediate/
early implant placement approach, specifically, may 
affect implant survival and the peri-implant marginal 
bone level. Information about implant system, sup-
plementary tissue augmentation procedures as well 
as loading protocol was stated in Tables 1 to 3 for the 
RCTs, CCTs and studies reporting on the buccal bone 
level, which illustrated a high heterogeneity among 
the studies in this respect.

Unfortunately, no consensus has been reached in 
the classification or terminology in relation to timing 
protocols in implant treatment. For example, imme-
diate implant placement has been called ‘immediate’ 
or ‘post-extraction implants’ or ‘placement in fresh 
extraction sockets’. Early placement has also been 
called ‘early implants’ or ‘immediate-delayed’ or 
‘delayed-immediate placement’, and further deferred 
placement after tooth extraction has been termed 
‘delayed’ or ‘late’ (with varying definitions) or ‘place-
ment in healed bone’. To facilitate reading and com-
parison of outcomes from different studies, it would 
be practical if researchers use the same terms when 
defining the time between tooth extraction and im-
plant placement. Thus, development of a simple 
classification system based on clear and exhaustive 
(all time points for implant placement are covered) 
definitions would be appreciated. Hämmerle et al54 
proposed a classification based on soft and hard tis-
sue healing parameters: Type 1- implant placement 
immediately following tooth extraction and as part 
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of the same surgical procedure, Type 2- complete 
soft tissue coverage (typically 4 to 8 weeks), Type 3 
- substantial clinical and ⁄or radiographic bone fill of 
the socket (typically 12 to 16 weeks), Type 4 - healed 
site (typically > 16 weeks). This classification is in our 
opinion sensible and useful since it considers varia-
tions in the subjects’ healing capacity.

Due to the limited number of existing RCTs on 
the topic of this review, it was decided to include 
prospective studies with (CCTs) or without a control 
group (PCTs), in order to base our conclusions on 
more study populations. However, one must recog-
nise that most prospective studies have set several 
exclusion criteria (e.g. lack of or thin facial bone wall, 
post-extraction infection, need of GBR procedures, 
large peri-implant infrabony defects) when enroll-
ing patients for post-extraction or early implants. 
Therefore, data from non-randomised studies should 
be interpreted critically with attention to the clinical 
setup. This fact also indicates that not all clinical cases 
are suitable for the immediate placement approach, 
and it is advocated a careful patient selection in the 
treatment planning phase should be followed. Since 
a significant number of prospective studies (RCTs, 
CCTs and PCTs) were available from the search, it 
was decided to exclude data extraction from retro-
spective studies that are considered to have a lower 
level of evidence.

 Conclusion

This systematic review of the current literature indi-
cates that immediate or early placement of single-
tooth implants after tooth extraction may be a 
viable treatment with long-term survival rates and 
marginal bone level conditions, matching those 
for implants placed conventionally in healed bone 
ridges. However, interpretation of the results must 
be made with caution as only few RCTs and prospec-
tive, controlled clinical studies with a follow-up of 
5 years or more are available. The authors advocate 
that careful patient selection for post-extraction im-
plant placement is made and that a strict treatment 
protocol for the surgical and prosthetic procedures 
is followed. Furthermore, publications on this topic 
should report mean values, as well as frequencies 
and ranges for the absolute marginal bone levels, in 

addition to only bone level changes over time. Data 
on marginal bone level should only be provided for 
surviving implants, and survival rates should always 
be reported. Even then, if more implants are lost in 
one of the groups, there will be a risk of selection bias 
in follow-up studies.
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