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ABSTRACT

Background: It is important that peri-implant bone breakdown caused by, for example, undue load and/or peri-implantitis,
is prevented or minimized. Some continuous loss of marginal bone is generally accepted, but the question remains as to
what extent it must occur.

Purpose: The purpose of this study was to compile and compare data on peri-implant marginal bone level changes from
prospective studies that have registered the peri-implant marginal bone level radiographically at the time of prosthetic
loading, and after 5 years of follow-up for implant systems currently available on the market.

Materials and Methods: A literature search was carried out to identify prospective studies on peri-implant marginal bone
level changes around dental implants. To be included in a meta-analysis, the implant systems should have been subjected
to at least two independent studies. Copycats without documentation were not accepted.

Results: Forty prospective studies that presented with a 5-year data were identified. Three implant systems met the inclusion
criteria of having at least two independent studies; Astra Tech Dental Implant System® (Astra Tech AB, Molndal, Sweden),
Branemark System (Nobel Biocare AB, Goteborg, Sweden), and Straumann Dental Implant System (Institute Straumann
AG, Basel, Switzerland). The pooled mean marginal bone level change amounted to —0.24 mm (95% CI —0.345,—0.135) for
the Astra Tech Dental Implant System, 0.75 mm (95% CI —0.802, —0.693) for the Branemark System, and 0.48 mm (95%
CI—-0.598,—-0.360) for the Straumann Dental Implant System over 5 years, with a statistically significant difference (p <.01)
between the systems.

Conclusions: The identified implant systems showed an annual bone loss below or much below what hitherto has been set
up as a limit for success. A careful documentation of marginal bone level changes should be mandatory for all implant
systems before being marketed. It is also time for revision of existing success criteria to refine the basis for clinical quality
judgment of implant treatment.
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INTRODUCTION clinically as well as market wise regarding products as

Since the first systematic treatment with dental implants ~ Well as clinical measures and indications. During the

that started in the late 1970s, much has happened first years, the systematic and well-controlled dental

implant treatment was mainly confined to the Brane-
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introduced. Today, submerged versus nonsubmerged
techniques, and immediate loading versus delayed
loading are balanced against each other depending on
the clinical situation. Generally, there is a strong desire
to shorten the treatment time and simplify surgical as
well as prosthetic measures for the better of both the
dentist and the patient while still striving for a high rate
of success for both implants and superstructures.

Common for most parties involved in implant
treatment is the desire to achieve long-lasting good
results for both the supporting implants and the pros-
thetic superstructure. The far most important factor
for a good long-range prognosis of implant treatment
is the achievement and maintenance of osseointegra-
tion of the implant in the jawbone. It is also important
that peri-implant bone breakdown caused by, for
example, undue load and/or plaque-induced peri-
implant tissue infection (peri-implantitis), is prevented
or at least minimized. This means that maintenance of
the initially achieved peri-implant bone level as coronal
as possible is a key factor for long-term success of any
implant treatment.

Based on previous postulations,'”

it is widely
accepted that a marginal bone loss in the order of 1 mm
during the first year of service, that is, during the first
year after initiation of prosthetic loading, and an annual
bone loss thereafter not exceeding 0.2 mm, is a natural
feature and consistent with successful treatment. The
question arises, however, as to what extent implant
systems, currently available on the market, will meet
these criteria in daily clinic. It may be that these, for its
time, well-founded success criteria need revision based
on new knowledge and demands on maintenance of
aesthetics and function.

The aim of the present meta-analysis was therefore
to compile and compare data on peri-implant marginal
bone level changes from prospective studies that have
registered the peri-implant marginal bone level radio-
graphically at the time of prosthetic connection, and
after 5 years of follow-up for implant systems currently
available on the market.

MATERIALS AND METHODS

A MEDLINE search (PubMed) was conducted, and
works published in the English language from 1980 until
December 2007 were included in the review. The follow-
ing search terms were used in different combinations:

» o«

“dental implants,” “clinical or prospective studies,’

“long-term or 5-year follow-up,” and “bone loss.” Titles
and abstracts were screened, and full-text analysis was
performed in relevant publications. A manual searching
was conducted for the following journals (for the year
2007): Clinical Implant Dentistry and Related Research,
Clinical Oral Implants Research, International Journal of
Oral & Maxillofacial Implants, International Journal of
Periodontics, Journal of Clinical Periodontology, Journal
of Periodontology, and Journal of Prosthetic Dentistry.

Furthermore, the Web sites from the following
implant companies were searched for documentation:
Astra Tech, Biomet/3i, Friadent/Dentsply, Lifecore
Biomedical, Nobel Biocare, Osstem, Straumann, and
Zimmer Dental.

Inclusion Criteria

The following criteria are needed to be included in the
meta-analysis:

+ The implant system should presently (2007) be
available on the market. Copycats without docu-
mentation were not accepted even if the original
system was well documented.

« At least two independent studies should have been
published.” The studies should be prospective and
reported in peer-reviewed dental journals in the
English language.

+  The studies should present radiographic data on
change in marginal bone level between baseline and
5 years, or the marginal bone level at baseline and at
5 years. Baseline was considered as the time of ini-
tiation of prosthetic loading usually 3 to 6 months
after implant placement. If follow-up time exceeded
5 years, only available 5-year data were included in
the analysis.

Case studies or case reports with a minimum of 10
included patients, as well as controlled clinical trials,
were accepted. Likewise, one as well as two stage sur-
geries were included.

Exclusion Criteria

Studies were excluded if focusing on the following:

+  Advanced surgery, for example, sinus lift operations

+  Bone augmentation procedures

«  Implants placed immediately in extraction sockets

+ Implants loaded immediately following implant
placement



Immediate implant placements as well as immediate
loadings were excluded as evidence of these treatment
modalities as being predicatively reliable is lacking.*

From the identified articles, the following variables
were extracted: type of study, number of included
patients, number of placed implants, implant sites
(maxilla/mandible, anterior/posterior), type of restora-
tion, healing time before loading, number of lost
implants, implant survival, number and percentage of
patients and implants analyzed, mean marginal bone
level change (MBLC) and standard deviation (SD) from
baseline to 5 years. Mean MBLC data were either given in
the studies or calculated by the authors by extracting
presented mean marginal bone level data at baseline from
mean marginal bone level data at 5 years. In those cases,
standard deviation data on MBLC were not available.

Data Analysis

The statistical analyses were carried out by a statistician.
Mean and standard deviation values from each study
were used to assess pooled mean MBLCs and 95% con-
fidence interval (CI) for each implant system. As stan-
dard deviation data were unavailable for a number of
studies on Branemark and Straumann implants, it was
assumed that standard deviations between studies were
homogenous. Consequently, the common standard
deviation was assessed based on all available standard
deviation data. To account for the difference in the
number of subjects between the different studies,
weighted mean values and 95% CI were assessed also.

Differences in MBLC values between systems were
tested for statistical significance using the unpaired
t-test. p Values less than .05 were considered statistically
significant.

RESULTS

The combinations of search terms resulted in a list of
293 titles (PubMed until December 2007, manual
searching in specified journals, and searching at compa-
nies’ Web sites). Following screening of titles and
abstracts by applying the defined inclusion and exclu-
sion criteria, 68 potentially relevant publications were
identified in which a full-text analysis was performed.
Additional 28 publications were excluded mainly
because of lack of data regarding marginal bone level
changes between baseline and 5 years, too small sample
size, retrospective study design, or less than two inde-
pendent studies available for a specific implant system.
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Full-text analysis yielded 40 studies eligible for inclu-
sion, and only three implant systems fulfilled the inclu-
sion criteria: the Astra Tech Dental Implant System
(Astra Tech AB, Moélndal, Sweden) with 10 studies,®"

14,16-35 and

the Branemark System with 20 studies,
the Straumann Dental Implant System with 11
studies.”**™* The studies, together with the extracted
data, are listed in Tables 1 to 3. The studies on the Astra
Tech Dental Implant System encompassed 324 patients
with 1,187 implants being radiographically evaluated,
the studies on the Branemark System included 1,051
patients with 3,719 implants, and finally the Straumann
Dental Implant System included 614 patients with 1,364
implants. In all studies, except one, mean MBLCs were
consistent with lowering of the marginal bone at the
implant, that is, bone loss. Figure 1 depicts the MBLC
mean values from the various studies showing more
consistent results with the Astra Tech than with the
Branemark and Straumann implant systems.

Table 4 presents pooled mean values and 95% CI for
MBLC for the three systems and the weighted mean
values, taking into account the number of patients in
each study. The pooled MBLC for the Astra Tech, Bréane-
mark, and the Straumann implant systems amounted to
—0.24 mm (95% CI —0.345, —0.135), —0.75 mm (95%
CI —0.802, —0.693), and —0.48 mm (95% CI —0.598,
—0.360), respectively. The corresponding weighted mean
MBLC values were —0.27 mm (95% CI —0.356, —0.179),
—0.72mm (95% CI -0.776, —0.673), and —0.56 mm
(95% CI —0.661, —0.481), respectively. The differences
between systems were statistically significant (p <.01).

Figure 2 depicts as box-plot diagrams pooled
MBLC:s for the Astra Tech, Brdnemark, and Straumann
implant systems after 5 years. The diagram illustrates
that there were larger differences in MBLC between
the different Branemark and Straumann studies than
between the different Astra Tech studies.

DISCUSSION

The purpose of this meta-analysis study was to assess
from the literature radiographic peri-implant MBLCs
5 years after initiation of prosthetic loading at dental
implants currently available on the market. The analysis
was made to find out to what extent currently available
implant systems comply with presently accepted success
criteria'™ and was made on data derived from prospec-
tive 5-year follow-up studies. No attempt was made
to evaluate marginal bone level measurements for the
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CCT = controlled clinical trial; CS = case study; FPD

individual studies. There was a great heterogeneity
among studies. Whereas the Astra Tech studies were
mainly controlled clinical trials, case reports dominated
as documentation for the Branemark and Straumann
implant systems. Only two controlled studies compared
different implant systems.'**” There was a great varia-
tion in the percentage of treated patients and placed
implants that were included in the meta-analysis. Per-
centages below 80% would render the study data ques-
tionable reliability. Furthermore, mean and standard
deviation data on MBLCs were given in all Astra Tech
studies, but had to be assessed from baseline and 5-year
data on mean marginal bone level in most Brdnemark
and Straumann studies. Thus, there were no spreading
data available for the meta-analysis. Therefore, the
common standard deviation was assessed from available
spreading data, presuming that standard deviation data
were homogenous between studies. Ideally, a number of
studies should have been excluded from the analysis
because of questionable quality. However, the included
studies were all published in peer-reviewed journals, and
omitting studies for the lack of, for example, spreading
data, would exclude valuable information. The various
studies included anterior and posterior as well as max-
illary and mandibular sites, and different types of fixed
and removable superstructures. However, as the original
study data did not indicate or give information about
any influence of implant site or type of prosthetic recon-
struction on the MBLCs, these factors were not consid-
ered in the analysis. In addition, the number of studies
was too small to allow for such differentiation.

To be included in the analysis, basic inclusion crite-
ria were set up, the most critical being that at least two
independent studies should have been published* and
each study should present radiographic data of the peri-
implant marginal bone level at baseline, that is, the time
of prosthetic connection, and at 5 years follow-up. Sur-
prisingly, only three implant systems fulfilled the inclu-
sion criteria. No other system could present two or more
studies with 5-year data on marginal bone remodeling.

The mean marginal bone loss was well below 1 mm
over 5 years for the three systems (see Table 4). This
would correspond to an annual mean bone loss of 0.05,
0.15, and 0.10 mm, respectively. This should be com-
pared with the present success criteria' that allow for
1 mm bone loss during the first year, and further annual
loss not exceeding 0.2 mm, which in turn corresponds to
1.8 mm over 5 years. However, it should be stressed that
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Figure 1 Univariate scattergram showing mean values for marginal bone level changes (MBLCs) for the Astra Tech, Brénemark, and

Straumann implant systems.

in most of the studies in the present analysis, the major
part of the marginal bone loss occurred during the first
year after prosthetic loading, whereafter the marginal
bone levels stabilized. The evidently very minor mar-
ginal bone loss around, in particular, the Astra Tech
implants allows for meeting the increasing demand on
aesthetics and function. Interestingly, several longitudi-
nal epidemiological studies on periodontal marginal
bone height
populations*** have demonstrated an annual bone

changes in adult normal dentate
height reduction of slightly below 0.1 mm. Based on the
results of the present analysis, it becomes evident that
marginal bone loss around these dental implants, under
favorable conditions, is comparable with that of natural
teeth.

Peri-implant MBLCs over a 5-year period were evi-
dently very small for the investigated implant systems.
However, there were statistically significant differences
between systems. Although the clinical relevance of the

differences between systems can be questioned, the

values of the individual Astra Tech implant studies
were much more consistent than for the Branemark and
Straumann systems (see Figures 1 and 2). Thus, the
individual study mean MBLC values for the Astra Tech
implants ranged between +0.12 and —0.48 mm as
compared with —0.11 to —1.80 mm for the studies on the
Branemark implants, and from —0.15 to —1.0 mm for the
Straumann implants. It should be remembered that a
mean marginal bone loss of 1.0 or 1.8 mm implies that
one or more cases have lost more, or even much more,
bone.

The results in the present meta-analysis corroborate
parts of the results reported by Eliasson and colleagues.™
In their one-clinic, retrospective study, the same three
implant systems (i.e., Astra Tech, Nobel Biocare, and
Straumann) were evaluated by comparing the 5-year
clinical outcome of early- and delayed-loading proto-
cols. In that study, Astra Tech implants had a mean bone
level change of —0.09 mm, Nobel Biocare —0.61 mm,
and Straumann —1.03 mm after 5 years in function. No

TABLE 4 Pooled Mean and Weighted Mean Marginal Bone Level Changes (MBLCs) and 95% CI for the Astra

Tech, Branemark, and Straumann Implant Systems

Pooled Weighted
Implant system MBLC (mm) 95% Cl MBLC (mm) 95% Cl
AstraTech (n=338) -0.24 —0.345, -0.135 -0.27 —0.356, -0.179
Bréanemark (n=1027) —0.75 —0.802, —0.693 -0.72 —0.776, —-0.673
Straumann (n = 708) —0.48 —0.598, —0.360 -0.56 —0.661, —0.481

AstraTech # Branemark, p =.0000.
AstraTech # Straumann, p =.0031.
Brénemark # Straumann, p =.0001.
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Figure 2 Box-plot diagram showing pooled marginal bone level
changes (MBLCs) for the Astra Tech, Branemark, and
Straumann implant systems as assessed from the individual
studies.

difference in bone loss was found between the early- and
delayed-loading protocols.

The marginal bone loss values differed somewhat
between the different systems in both the study by Elias-
son and colleagues,” and in the present meta-analysis.
The reason for the difference in marginal bone loss
between the three systems found in the present analysis
as well as between the individual studies can only be
speculated upon. It could be related to systematic factors
in terms of differences in surgical technique, for
example, submerged versus nonsubmerged, differences
in macro- and microdesign and surface structure of the
implant, as well as prosthetic superstructure type and
connection. Data from the various studies, however, do
not indicate that the type of prosthetic reconstruction
had any influence on either marginal bone loss or sur-
vival rate. Other nonsystematic factors could be choice
of implant site, bone height and width, bone density and
quality, patient age and sex, and hygiene regimen.

The results from the present study indicate that
Astra Tech, Branemark System, and Straumann implants
perform better than the presently accepted success
criteria,' and Astra Tech even much better. The results
show what is achievable and suggest that peri-implant
marginal bone loss exceeding what has been found in
the present analysis could be indicative of pathology.
Recent studies have suggested that a certain degree of
marginal bone loss around implants be indicative of
peri-implantitis, but there is no consensus as regards the
actual magnitude of this bone loss.”>** It is reasonable to
suggest that the presently accepted definition of accept-

able (“normal”) bone loss should be revised. It might
even be time for a paradigm shift regarding the opinion
of to what extent bone-anchored dental implants are
prone to loose any supporting bone following prosthetic
connection and loading.

CONCLUSIONS

Of all dental implant systems presently available on the
market, there were only three systems that, by the end
of 2007, had scientific documentation on peri-implant
MBLCs in terms of two or more 5-year prospective clini-
cal studies: the Astra Tech Dental Implant System, the
Branemark System, and the Straumann Dental Implant
System. These systems showed a mean marginal bone
loss over 5 years well below what is hitherto accepted as
success. A systematic and careful documentation should
be mandatory for all dental implant systems appearing
on the market. It is also time for revision of existing
success criteria to refine the basis for quality judgment of
performed implant treatment.
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