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Abstract

Obijective: To address the focused question, is there an impact of platform switching (PS) on
marginal bone level (MBL) changes around endosseous implants compared to implants with
platform matching (PM) implant-abutment configurations?

Material and methods: A systematic literature search was conducted using electronic databases

PubMed, Web of Science, Journals@Ovid Full Text and Embase, manual search for human
randomized clinical trials (RCTs) and prospective clinical controlled cohort studies (PCCS) reporting
on MBL changes at implants with PS-, compared with PM-implant-abutment connections, published

between 2005 and June 2013.

Results: Twenty-two publications were eligible for the systematic review. The qualitative analysis
of 15 RCTs and seven PCCS revealed more studies (13 RCTs and three PCCS) showing a significantly
less mean marginal bone loss around implants with PS- compared to PM-implant-abutment

connections, indicating a clear tendency favoring the PS technique. A meta-analysis including 13
RCTs revealed a significantly less mean MBL change (0.49 mm [Clgso, 0.38; 0.60]) at PS implants,
compared with PM implants (1.01 mm [Clgse, 0.62; 1.40] (P < 0.0001).

Conclusions: The meta-analysis revealed a significantly less mean MBL change at implants with a

PS compared to PM-implant-abutment configuration. Studies included herein showed an unclear as
well as high risk of bias mostly, and relatively short follow-up periods. The qualitative analysis
revealed a tendency favoring the PS technique to prevent or minimize peri-implant marginal bone
loss compared with PM technique. Due to heterogeneity of the included studies, their results

require cautious interpretation.

The radiographically detectable peri-implant
bone-level following prosthetic loading is
considered one of the relevant success crite-
ria for evaluating dental implant therapy out-
comes as well as for proving or excluding
peri-implant tissue health (Albrektsson et al.
1986; Laurell & Lundgren 2011; Papaspyrida-
kos et al. 2012). Once accepting a marginal
bone loss of up to 1.5 mm during the first
year, followed by a bone loss not exceeding
0.2 mm per year (Albrektsson et al. 1986),
marginal (MBLs)
around implants following prosthetic loading

nowadays bone levels
are reported to be well preserved, not exceed-
ing 0.5 mm after up to 3 years (Lang &
Jepsen 2009) or 5 years (Laurell & Lundgren
2011) of observation. Marginal bone loss may
occur around dental implants due to peri-
implant infections, but may also occur for
reasons other than infections (Albrektsson

et al. 2012). However, a limited amount of

crestal or marginal bone loss is supposed to
be a biologic response to implant placement
procedure (Albrektsson et al. 2012).

As introduction of the platform switching
concept into construction of implant systems
and abutment configurations, their experi-
mental impact on peri-implant bone-level
alterations was studied in various finite-ele-
ment and in vivo studies as well (Becker
et al. 2007, 2009; Jung et al. 2008; Cochran
et al. 2009; Ferraz et al. 2012), and clinical
experiences with this treatment were gained
during the last decade (Lazzara & Porter
2006; Canullo & Rasperini 2007). Briefly,
platform switching is defined as an “act of
changing an implant abutment to one with a
smaller diameter, so as to place the implant-
abutment interface medial to the edge of the
implant platform” (Laney 2007). However,
the relatively short follow-up periods of most
studies focusing on the effect of platform
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switching on marginal bone loss compared
with
configurations and different sample sizes led
to different conclusions even in systematic
reviews, ranging from not revealing any clini-

platform-matching implant-abutment

cal superiority for any particular implant
design in maintaining MBLs (Lang & Jepsen
2009) to recognizing the platform-switching
technique as appearing useful in limiting
bone resorption (Al-Nsour et al. 2012; Anni-
bali et al. 2012). Still, the need for cautious
interpretation of the findings gained from
systematic reviews due to heterogeneity of
existing studies and possible publication
bias as well and the need for more long-
term, well-conducted, randomized controlled
clinical studies to wvalidate the platform
switching concept is conceded even within
recently published reviews (Atieh et al. 2010;
Al-Nsour et al. 2012; Annibali et al. 2012).
Therefore, it seems to be opportune to crit-
ically and systematically review the publica-
tions of randomized clinical trials (RCTs) and
prospective clinical controlled cohort studies
(PCCS) regarding the impact of platform
switching on MBL changes around endos-
implants compared with platform-
matching implant-abutment configurations,
to identify the need of and to develop recom-

seous

mendations for future research.

Material and methods

This systematic literature review was con-
ducted considering the preferred reporting
items for systematic reviews and meta-analy-
ses (PRISMA) (Moher et al. 2009) (for the
PRISMA checklist see Appendix, Table Al).
To prepare and structure this systematic
review, the focused question was elaborated
by use of the PICO format (P: population
(patients  undergoing  implant-prosthetic
rehabilitation, which were

RCTs or prospective controlled clinical stud-

included into
ies (PCCS), comparing peri-implant marginal
bone loss around endosseous implants with
platform switching (PS) or platform-matching
(PM) implant-abutment-configurations); I
intervention dental
implants with a PM (the abutment diameter
and implant neck diameter were identical) or
PS (the abutment diameter was medialized

(use of endosseous

compared with the implant neck diameter)
implant-abutment-configuration; C:
parison, and O: outcome (clinical studies
comparing treatment outcomes using PM and

com-

PS implants with special consideration of
radiographically detected peri-implant MBL
changes were considered for evaluation).

Strietzel et al - Platform switching and bone level changes

Focused question

Is there an impact of platform switching
implant-abutment-configurations  compared
with platform-matching implant-abutment-
configurations on MBL changes around en-

dosseous implants?

Selection of studies

Publications of RCTs and PCCS reporting
comparison of MBL changes at implants with
PS- or PM-implant-abutment configurations
as primary outcome were selected from elec-
tronic databases only, if they met the inclu-
sion criteria.

Inclusion criteria

Publications were included for the systematic
review, if published between 2005 up to June
2013 in English or German language and
listed in the electronic databases indicated
below, or were published in the peer-
reviewed German-language Journal of Oral
Implantology (Zeitschrift fiir zahndrztliche
Implantologie) or Implantologie (both jour-
nals were subjected to manual search), and if
results from PCCS or RCTs comparing the
radiographically measured mean MBL change
of implants and its standard deviation, con-
nected to PM- versus PS-implant-abutment
configurations, were reported.
RCTs
follow-up period of at least 12 months fol-

For meta-analysis, reporting a
lowing implant placement were included

only.

Exclusion criteria

Published studies not meeting the inclusion
criteria were excluded from this systematic
review (i.e., publications in languages others
than English or German, case reports, educa-
tional statements, expert opinions, narrative
reviews on the subject of platform switching,
animal studies, in vitro experiments, clinical
studies on platform switching without a
control group utilizing platform matching
configuration). Publica-
tions were not included if they did not
provide PM- or PS-implant related data con-
cerning MBL changes or marginal bone loss

implant-abutment

around implants and the comparison of both,
or if they did not provide any information
concerning the focused question.

Search strategy

A systematic literature search in electronic
databases PubMed/Medline, Web of Science,
Journals@Ovid Full Text and Embase was
conducted, using the following MeSH term
and search term combinations, considering
the PICO format:

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Population/patients/intervention/control

“dental implant-abutment design” [MeSH
Terms] OR (“dental” [All Fields] AND
“implant-abutment” [All  Fields] AND

“design” [All Fields])] OR “dental implant-
abutment design” [All Fields] OR (“dental”
[All Fields] AND “implant” [All Fields] AND
“platform” [All Fields] AND “switching” [All
Fields])

OR

(“dental implants” [MeSH Terms] OR
(“dental” [All Fields] AND “implants” [All
Fields]) OR “dental implants” [All Fields] OR
(“dental” [All Fields] AND “implant” [All
Fields]) OR “dental implant” [All Fields])
AND (platform[All Fields] AND switching
[All Fields])

OR

(“dental implants” [MeSH Terms] OR
(“dental” [All Fields] AND “implants” [All
Fields]) OR “dental implants” [All Fields] OR
(“dental” [All Fields] AND “implant” [All
Fields]) OR “dental implant” [All Fields])
AND (platform[All Fields] AND switching
[All Fields]) AND crestal[All Fields]

Outcome
(“dental implants” [MeSH Terms] OR (“den-
tal” [All Fields] AND “implants” [All Fields])
OR “dental implants” [All Fields] OR (“den-
tal” [All Fields] AND “implant” [All Fields])
OR “dental implant” [All Fields]) AND (cres-
tal[All Fields] AND (“bone and bones”
[MeSH Terms| OR (“bone” [All Fields] AND
“bones” [All Fields]) OR “bone and bones”
[All Fields] OR “bone” [All Fields]) AND
level[All Fields])

OR

(“dental implants” [MeSH Terms] OR
(“dental” [All Fields] AND “implants” [All
Fields]) OR “dental implants” [All Fields] OR
(“dental” [All Fields] AND “implant” [All
Fields]) OR “dental implant” [All Fields])
AND ((“bone and bones” [MeSH Terms] OR
(“bone” [All Fields] AND “bones” [All
Fields]) OR “bone and bones” [All Fields| OR
“bone” [All Fields]) AND level[All Fields]
AND (“Change” [Journal] OR “change” [All
Fields]))

OR

(“dental implants” [MeSH Terms| OR (“den-
tal” [All Fields] AND “implants” [All Fields])
OR “dental implants” [All Fields])] AND
((“bone and bones” [MeSH Terms] OR (“bone”
[All Fields] AND “bones” [All Fields])] OR
“bone and bones” [All Fields] OR “bone” [All
Fields]) AND level[All Fields] AND (“Change”
[Journal] OR “change” [All Fields]))

A manual search was applied to two
journals

German-language  peer-reviewed
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additionally, focusing on articles related to
platform switching in clinical use.

Moreover, to detect data from unpublished
studies, the following electronic registers of
clinical trials were searched, using the fol-
lowing MeSH term and search term combina-
tions (“dental implants” [MeSH Terms]
AND platform[All Fields] AND switching[All
Fields] OR (“dental implants” [MeSH Terms]
AND “bone loss” [All Fields] OR “marginal”
[All Fields] AND “bone” [All Fields])] AND
level[All Fields] AND “change” [All Fields]):
http://apps.who.int/trialsearch/; http://www.
clinicaltrialsregister.eu/; www.clinical trials.
gov; www.centerwatch.com; www.controlled-
trials.com.

The literature search was conducted to iden-
tify PCCS and RCTs in humans. The search
protocol regarding inclusion and exclusion cri-
teria was followed by two reviewers (F.P.S.
and M.H.), who independently run the search,
screened and listed the abstracts of publica-
tions to be included. The list was then com-
pared and a «x score was calculated to
determine the reviewer's agreement. A con-
sent final decision regarding the inclusion of
articles was reached by discussion of each
individual article after full-text analysis.

Quality assessment
A quality assessment of the studies (RCTs)
included for the meta-analysis was done fol-
lowing the recommendations for systematic
reviews of interventions of the Cochrane col-
laboration (Higgins & Green 2011), focusing
on the following criteria: random sequence
generation and allocation concealment (both
accounting for selection bias), blinding of par-
ticipants and personnel (performance bias),
blinding of outcome assessment. (detection
bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias), or
other possible causes of bias.
Radiographically  detected
MBL change had to be expressed as quantita-
tive data (mean difference between baseline
and follow-up examination).

peri-implant

As one study reported on two different PS
configurations, which were compared to the
same control group (PM), the respective
implant cohorts were subdivided into two
study groups (Kielbassa et al. 2009 for com-
parison between PS group [implants with
internal hexagon implant-abutment connec-
tion] and PM group [implants with an inter-
nal tube-in-tube connection]; Kielbassa et al.
2009; a for comparison between PS group
[implants with external hexagon implant-
abutment

connection] and PM  group

[implants with an internal tube-in-tube con-
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nection]) and included into the meta-analysis
as such. In one study, the allocation of at
least one of each implant type with media-
lised (PS) or conventional (PM) abutments to
10 patients and a total number of 25
implants were reported (Trammell et al.
2009).

implants within the PS group and PM group

Therefore, a total number of 12

as well was assumed.

Data extraction and statistical analysis

The k score was calculated to determine the
reviewer's agreement for inclusion or exclu-
sion of publications and for the quality
assessment of RCTs included, using the SPSS
19.0 statistical software package (SPSS Inc.,
Chicago, IL, USA).

Data reporting mean values of radiographi-
cally detected MBL changes and their stan-
dard deviations of each study were extracted
independently by two reviewers (F.P.S. and
M.H.) and compared thereafter.

The statistical heterogeneity among the
RCTs selected for meta-analysis was assessed
utilizing the DerSimonian-Laird estimate t>
for inter study variance. The meta-analysis
was performed using a random effects model
to investigate on a possible difference
between the mean bone loss in the groups of
PS- compared with PM-implant-abutment
configurations on an implant-based analysis.
Forest and funnel plots were generated to
show means and standard deviations of all
studies considered and to detect possible bias
in the selection of studies, respectively. Fur-
ther a test for funnel-plot asymmetry was car-
ried out based on linear regression. The meta-
analysis was carried out using R 3.0 and the R
package meta 2.4 (http://www.r-project.org/).
The level of significance was o = 0.05.

Results

The initial search yielded 924 publications
found in PubMed/Medline, 547 in Web of Sci-
ence, 192 publications in Journals@Ovid Full
text, and 34 publications in Embase. Three
more German language publications were
identified by manual search. After removing
duplicate studies, an entire yield of 807 publi-
cations were screened considering the formal
inclusion and exclusion criteria. Following
the evaluation concerning the inclusion crite-
ria, 93 abstracts were considered for further
investigation, of which 23 publications were
considered for full-text analysis. Following a
discussion after full-text analysis, 22 studies
were included for further investigation, finally
seven PCCS and 15 RCTs met the inclusion

criteria for systematic review and qualitative
synthesis. Of the 15 RCTs, 13 were eligible for
inclusion into a meta-analysis. A k-score of
0.90 indicates a high reviewers’ agreement
regarding the included publications. The pro-
cess of identification of the included studies
from the initial yield is described in Fig. 1.
The numbers of patients, gender distribution,
and implant data are listed in Table 1 and
Figs 2-4, respectively.

The search for data from unpublished stud-
ies in www.clinicaltrialsregister.eu/ revealed
a yield of 54 registered clinical studies of
which — after removing three duplicates and
45 studies not meeting the topic — six
focused on the topic of platform switching.
Of these, two were announced in status of
patient recruitment, one was in status of fin-
ished patient recruitment and active yet, one
was announced with unknown status and
two were completed with results, which were
not posted yet (NCT 00728884; NCT 0074
6187). The search in www.controlled-trials.
com revealed 15 studies, of which one was
duplicate with a study from www.clinicaltri
alsregister.eu, two were found duplicate
within the register, seven studies did not
meet the topic of platform switching, three
studies were in status of recruiting, one was
in status of finished patient recruitment and
active yet and one study was completed, but
duplicate registered (NCT 00746187) in
www.controlled-trials.com but not posting
results yet. Therefore, data from unpublished
studies were not available so far for further
analyses, including funnel-plot analysis for
possible detection bias.

Quality assessment of the included RCTs
Results of the quality assessment of RCTs are
listed in Table 2, following the recommenda-
tions by Higgins and Green (2011). The differ-
ence of the assessment results was low,
resulting in a x score of 0.923 (disagreement
in four of 105 fields) between the reviewers.
Consent was reached by discussion.
Information indicating a low risk of bias
was found in two studies. Three studies
revealed a high risk of bias in one key
domain only, two more studies revealed a
high risk of bias in one key domain and an
unclear risk of bias in three key domains,
one study revealed a high as well as an
unclear risk of bias in one key domain. For
two studies a high risk of bias in two key
domains, and for three studies, a high risk of
bias was found for two key domains as well
as one unclear risk of bias in one key
domain. One study each revealed a high risk
of bias in three key domains with an unclear

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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5 Records identified through electronic Records additionally indentified
w© database searching through hand searching
£ (after removing duplicates) n=3
< n =804
g | |
= I I
v v
Records screened Records excluded
o n =807 > n=784
£
c
o) |
9 I
3 v
Full-text articles assessed for eligibility Full-text article excluded for not
n=23 > fulfilling the inclusion criteria
n=1
z I
3 v
2 Studies included for qualitative synthesis StUd'?s not eligible for metg-analy3|s,
w n=22 but included for systematic review
n=9
— !
I
- v
% RCTs included for quantitative synthesis
% (meta-analysis)
£ n=13

Fig. 1. Search strategy and results of identification, screening for eligibility and inclusion of publications considered

for systematic review and meta-analysis.

risk for one key domain, and a high risk of
Two RCTs
excluded from meta-analysis revealed a high

bias for four key domains.

risk of bias for two key domains each, and
one of these showed an unclear risk of bias
for one key domain, additionally.

According to the definitions (Higgins and
Green 2011), the overall ranking revealed only
two studies with a low risk of bias. All other
studies revealed a tendency of a high risk of
bias, resulting in an overall unclear and high
risk of bias across studies (see Table A2).

Systematic review

The results of RCTs with a follow-up period
exceeding 12 months following the beginning
of prosthetic loading are listed in Table 3. In
all but one study (Crespi et al. 2009), signifi-
cant differences between the mean marginal
around PM
implants were found in favor of that at PS

bone loss implant and PS
implants. The mean patient number was 34.7
(SD 17.7, range 10-60), the mean implant
number was 103.3 (SD 127.98, range 22-360).
The
25 months following prosthetic loading, the

maximum follow-up period was
minimum was 18 months following implan-
tation. In three of the studies, a submerged
healing mode was followed (Canullo et al.
2012, 2010; Prosper et al. 2009), whereas the
implants in the three other studies and in
another cohort of the study published by
Prosper et al. (2009) healed non-submerged.
Moreover, in two studies, immediate restora-
tions were fixed on implants (Canullo et al.
2009; Crespi 2009), of which the
implants in the study published by Crespi
et al. 2009 were exposed to immediate load-
ing. In all but two (Canullo et al. 2012; : use
of external hexagon; Crespi et al. 2009: use of
internal conical connection and external

et al.

Table 1. Overview on study type, demographic data, implant data of studies included for the systematic review

Mean age Implant
Study n % Male % Female (years) and n placement
type Patients patients patients range Implants mode Healing period
de Almeida et al. (2011) PCCS 26 n. a. n. a. 41 (25-70) 42 Late 30-180 days
Canullo et al. (2012) RCT 40 60 40 58.2 80 Late 2-3 months
Canullo et al. (2010) RCT 31 54.8 45.2 52.1 (36-78) 69 Late 3 months
Canullo et al. (2009) RCT 22 59.1 40.9 50 (32-76) 22 imm. imm. restor.
Cappiello et al. (2008) PCCS 45 n. a. n. a. n. a. 131 Late 8 weeks
flapless
Crespi et al. (2009) RCT 45 40 60 48.7 (25-67) 64 imm. imm. restor.,
flapless imm. loading
Dursun et al. (2012) PCCS 19 47.4 52.6 42.9 (25-57) 32 Late 3 months
Enkling et al. (2011) RCT 25 60 40 51 (SD 10.5) 50 late 3 months
Fernédndez-Formoso RCT 51 35.3 64.7 43 (26-69) 114 Late 3 months
et al. (2012)
Fickl et al. (2010) PCCS 36 50 50 55.3 (17-69) 89 Late 3 months
Gultekin et al. (2013) RCT 25 20 80 41.3 (19-59) 93 Late 3 months
Hurzeler et al. (2007) RCT 15 46.7 53.3 55.3 (17-69) 22 n. a. n. a.
Kielbassa et al. (2009) RCT 169 48.0 52 48.7 (17-79) 241 Late imm. restor.
Linkevicius et al. (2010) PCCS 4 25 75 43 (37-56) 12 n. a. 2 months
Penarrocha-Diago RCT 15 26.7 733 56.9 (44-77) 120 Late 3 months
et al. (2013)
Pieri et al. (2011) RCT 37 36.8 63.2 46 (26-67) 37 imm. imm.
restor.
Prosper et al. (2009) RCT 60 53.3 46.7 53.9 (SD 6.8) 360 Late mandib.:
3 months; maxilla
6 months
Telleman et al. (2012a) RCT 17 0 100 53.7 (21-67) 62 Late 3 months
Telleman et al. (2012b) RCT 78 n.a’ n.a’ PS group 51.6 (27-67) 106 Late 4 months
PM-group 48.0 (18-70)
Trammell et al. (2009) RCT 10 n. a. n.a n. a. 25 n. a. 2 months
Veis et al. (2010) PCCS n. a. n.a n. a. 282 a mandib.: 3-5 months;
maxilla: 5-6 months
Vigolo & Givani (2009) PCCS 144 n. a. n. a. 37 (25-55) 182 n. a. 4 months

PCCS prospective clinical controlled study; RCT randomized clinical trial; imm. immediate; imm. restor. immediate restoration.
“Female/male ratio given for the entire cohort of study participants, but not for the sample adjusted for dropouts (n. a. = not announced).

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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n patients (total) N patients
Almeyda etal. 2011 | 26 16 10 HN patients PS group
HN patients PM group
Canullo et al. 2012 | 40 40 40
Canullo et al. 2008 COIR | 31 n.a.
Canullo et al. 2009 IJP | 22 11 e 11

Cappiello et al. 2008 | 45
Crespi etal. 2009 | 45

Dursun etal. 2012 | 19

Enkling etal. 2011 | 25 25 25
Fernandez- Formoso et al. 2012 | 51 26 25

Fickl et al. 2010 | 368
Gultekin et al. 2013 | 25
Hurzeler et al. 2007 | 15

Kielbassa et al. 2009 | 169 63
Linkevicius et al. 2010 | 4
Pefarrocha- Diago et al. 2013 | 15
Pieri etal. 2011 | 37
Prosper etal. 2009 | 60
Telleman et al. 2012a | 17
Telleman etal. 2012b | 78
Tramell et al. 2009 | 10
Veis etal. 2010 n.a.

Vigolo & Givani et al. 2009 | 144

n.a.

106

80 60 40 20

0 20 40 60 80 100 120

Fig. 2. Distribution of patients among the test groups (PS) and control groups (PM). n.a., Not announced; PS, plat-

form switching; PM, platform matching.

Almeyda et al. 2011
Canullo et al. 2012 24
Canullo et al. 2009 COIR
Canullo et al. 2009 lJP
Cappiello et al. 2008
Crespi el al. 2009
Dursun et al. 2012
Enkling et al. 2011
Fernandez- Formoso et al. 2012
Fickl et al. 2010
Gultekin et al. 2012
Hirzeler et al. 2007
Kielbassa et al. 2009
Linkevicius et al. 2010
Pefiarrocha- Diago et al. 2013
Pieri et al. 2011
Prosper et al. 2009
Telleman et al. 2012 a
Telleman et al. 2012 b
Tramell et al. 2009
Veis et al. 2010

Vigelo & Givani et al. 2009

40 30 20 10

N gender

B N male patients
N female patients

33

5 — | 20
7 —l— 8
na.
1 3
4 l— 11
na.

o — 2

. I ———

na.
na.

na.

na.

(] 10 20 30 40

Fig. 3. Distribution of male and female patients among the patients included for the studies. n. a., Not announced.

hexagon) of these studies, implant-abutment
connection configuration was an internal
hexagonal connection type.

Table 4 depicts the results of RCTs with a
follow-up period of 12 months following the
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beginning of prosthetic loading. In all but
one study (Kielbassa et al. 2009), significant
differences between the mean marginal bone
loss around PM implant and PS implant were
found, again in favor of PS-implant-abutment

configuration. The mean patient number was
52.0 (SD 55.02, range 15-177), the mean
implant number was 109.9 (SD 94.13, range
22-325). Three studies reported a submerged
healing of the implants (Gultekin et al. 2013;
Ferndandez-Formoso et al. 2012; Penarrocha-
Diago et al. 2013), five publications reported
non-submerged healing mode, of which one
cohort (Ferndndez-Formoso et al. 2012) was
comprising PM-implants. In one study, the
healing mode was not clearly stated (Hiirzeler
et al. 2007). Two studies reported immediate
implant placement into the alveolar socket
and subsequent immediate restoration of
implants without immediate loading (Kiel-
bassa et al. 2009; Pieri et al. 2011). In four
studies, implant-abutment connections via
internal hexagon type were used (Kielbassa
et al. 2009; Penarrocha-Diago et al. 2013;
Telleman et al. 2012a,b), in three studies,
external hexagonal implant-abutment con-
nections were used (Hirzeler et al. 2007;
Kielbassa et al. 2009; Penarrocha-Diago et al.
2013), two studies each reported the use of
internal conical- (Ferndndez-Formoso et al.
2012; Gultekin et al. 2013) or internal tube-
in-tube- (Kielbassa et al. 2009; Gultekin et al.
2013), and one study reported the use of
internal octagonal (Pieri et al. 2011) implant-
abutment connection types.

In Table 5, one study (Enkling et al. 2011)
is listed, reporting no significant difference
between the mean marginal bone loss of PM-
and PS-implant-abutment connections after a
follow-up period of up to 12 months follow-
ing implantation and submerged healing. The
mean marginal bone loss of the PS implants
was found slightly less compared with PM
implants.

Additionally, seven PCCS comprising a
test group (PS-implant-abutment connection)
and a control group (PM-implant-abutment
connection) as well were identified by litera-
ture search within the databases, meeting the
inclusion criteria. Since lacking random allo-
cation to one of the intervention groups (PM
or PS), these studies were evaluated sepa-
rately (Table 6). Three studies revealed a sig-
nificant difference between the marginal
bone loss in PM and PS groups in favor of PS
technique (Cappiello et al. 2008; Vigolo &
Givani 2009; Fickl et al. 2010), one more
study showed a remarkable mean marginal
bone loss in the PM group compared to the
PS group without statistical investigation of
a significance between both groups, however
(de Almeida etal. 2011). Three
revealed no significant differences between
the PM and the PS groups regarding mean
marginal bone loss after up to 24 months

studies

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



n implants (total)
Almeyda et al. 2011 |42
Canullo et al. 2012 |80
Canulio et al. 2009 COIR |69
Canullo et al. 2009 WP |22

Cappiello et al. 2008 | 131

Dursun etal. 2012 |32

Crespi et al. 2009 |64 30
2

Enkling et al. 2011 |50

Fernandez- Formoso et al. 2012 | 114

Fickl et al. 2010 |89 75 ﬁ 14

Gultekin etal. 2013 |93
Hiirzeler et al. 2007 |22
Kielbassa et al. 2009 |241

Linkevicius et al. 2010 |12
Pefiarrocha- Diago et al. 2013|120
Pieri et al. 2011 |37
Prosper et al. 2009
Telleman etal. 2012a |62
Telleman etal. 2012b | 106
Tramell etal. 2009 |25
Veis etal. 2010 | 282

Vigolo & Givani et al. 2009 | 182

360180 ﬁ v

3 ? 31
52 % 54
n.a.
o ﬁ .

o5 | S | o7
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n implants

® nimplants PS group
® nimplants PM group

56

d 180

d 193

200 150 100 50

0 50 100 150 200 250

Fig. 4. Distribution of implants among the test groups (PS) and control groups (PM). n. a., Not announced; PS, plat-

form switching; PM, platform matching.

follow-up (Linkevicius et al. 2010; Veis et al.
2010; Dursun et al. 2012), of which one study
reported a sample size of four patients receiv-
ing twelve implants (Linkevicius et al. 2010).
In the study published by Veis et al. 2010,
only the PS subgroup of subcrestally installed
implants revealed a significantly lower mean
marginal bone loss, compared to the PM sub-
group. This difference was not consistent for
the subgroups of supracrestally or epicrestally
installed implants. The mean patient number
was 45.7 for these PCCS (SD 50.2, range 4—
144), the mean implant number was 110 (SD
96.6, range 12-282). Four studies reported
submerged healing of the implants, three
groups reported non-submerged healing (Cap-
piello et al. 2008; Linkevicius et al. 2010;
Dursun et al. 2012). In all excepting two
studies (Veis et al. 2010; Vigolo & Givani
2009: use of external hexagonal implant-
abutment connection), an internal hexagonal
implant-abutment connection was used.

The implants were mainly located in the
posterior regions of the mandible (Trammell
et al. 2009; Enkling et al. 2011; Dursun et al.
2012) or maxilla (Canullo et al. 2010, 2012),
or in posterior regions of the mandible and
maxilla as well (Fernidndez-Formoso et al.
2012; Hiurzeler et al. 2007; Prosper et al.
2009; Telleman et al. 2012ab; Vigolo &

Givani 2009). Two studies reported results
obtained from implant sites located in the
anterior and premolar regions of the maxilla
(Canullo et al. 2009), and maxilla and mandi-
ble as well (Crespi et al. 2009), one study
reported
inserted into edentulous maxillae and mandi-

results obtained from implants
bles (Penarrocha-Diago et al. 2013; locations
not further specified), and in various locations
of the maxilla and mandible (Kielbassa et al.
2009; locations specified in detail). Implant
sites were not further specified in the remain-
ing publications (Cappiello et al. 2008; Fickl
et al. 2010; Linkevicius et al. 2010; Veis et al.
2010; de Almeida et al. 2011; Pieri et al.
2011; Gultekin et al. 2013).

In four studies, information regarding the
general medical health status was not reported
(Htirzeler et al. 2007; Cappiello et al. 2008;
Fickl et al. 2010; Veis et al. 2010), five studies
stated “good health” to characterize the gen-
eral health status of the included patients
(Canullo et al. 2009, 2010; Crespi et al. 2009;
de Almeida et al. 2011; Enkling et al. 2011).
The general health status of study participants
was defined by exclusion criteria in the thir-
teen remaining publications.

An investigation regarding the effect of
tobacco smoking on MBL changes considering
the PM and PS groups as well was generally

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

not performed in the included studies. Five
studies reported the exclusion of patients
smoking more than 10 cigarettes per day (Ca-
nullo et al. 2009, 2010, 2012; Crespi et al.
2009; Trammell et al. 2009), in one study
patients smoking more than 20 cigarettes per
day were excluded from participation in the
study (Pieri et al. 2011), six more studies
reported exclusion of smokers generally (Pros-
per et al. 2009; Dursun et al. 2012; Fernandez-
Formoso et al. 2012; Telleman et al. 2012a,b;
Gultekin et al. 2013). Penarrocha-Diago et al.
(2013) included smokers and reported three
patients smoking up to ten cigarettes per day.
The remaining nine studies did not provide
information regarding the frequency of smok-
ers among the included patients.

Eight of the included studies (Hiirzeler
et al. 2007; Crespi et al. 2009; Kielbassa et al.
2009; Vigolo & Givani 2009; Fickl et al. 2010;
Veis et al. 2010; de Almeida et al. 2011; Pieri
et al. 2011) did not report on the periodontal
health status of the patients included into the
study.

However, inclusion of periodontally com-
promised patients can be supposed by the fact,
that patients requiring tooth removal due to
periodontitis were included in two of these
studies (Crespi et al. 2009; Pieri et al. 2011).
Characterization of the periodontal health sta-
tus of the included patients in the remaining
studies was expressed by excluding patients
revealing a full mouth plaque score and a full
mouth bleeding score of more than 25%
(Canullo et al. 2009, 2010), or by exclusion of
patients suffering from untreated or active
periodontitis. In the study published by Penar-
rocha-Diago et al. (2013), completely edentu-
lous patients were included only. None of the
studies investigated on the impact of PS or PM
technique on MBL changes in an analysis
stratified for periodontally healthy or peri-
odontally compromised patients.

In 22 included studies, 17 different implant
systems were used, of which nine repre-
sented internal hexagonal implant-abutment
connection configuration (Frialit-2® [Dentsply
Global®
[Sweden and Martina, Padua, Italy|, Osseo-

Implants, Mannheim, Germany],
tite® certain [Biomet 3i, Palm Beach Gardens,
FL, USA], Osseotite® prevail [Biomet 3i],
SIC® Ace [SIC Invent, Basel, Switzerland],
Nobel active® [Nobel Biocare, Zurich, Swit-
zerland], [Curasan, Kleinostheim,
Germany|, Screw vent® [Zimmer Dental,
Carlsbad, CA, USA], Winsix® [Bio SAF IN,
Ancona, Italy]), three represented an internal
(Ankylos® [Dentsply
Implants, Mannheim, Germany]|, Straumann®

Revois®
conical connection

Bone level [Straumann, Basel, Switzerland],
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submerged

0 mm -91.7%
<0.5 mm - 5.5%

non-submerged

healing
IH

0 mm - 43.3%
<0.5 mm - 20.0%

<1.0 mm - 18.3%

: supracrestal

<1.0 mm - 3.3%

of non-submerged

PS implants
0.99 mm (SD 0.53)

of submerged PM-implants
1.19 mm (SD 0.58)

24 months following

Non-

0.036

P=

Epicrestal
IH

Trammell et al.

prosthetic restoration

submerged

(2009)

PM, Platform matching; PS platform switching; SFEA sinus floor elevation and augmentation; SD standard deviation. Configuration of implant-abutment connection: EH external hexagon; IC internal

conical connection; IH internal hexagon; n.a.d. not announced in detail.

Strietzel et al - Platform switching and bone level changes

Straumann® Tissue level [Straumann]), two
represented an external hexagonal implant-
abutment connection (Seven® [Sweden and
Martina, Padua, Italy], Biomet 3i® [Biomet 3i,
Palm Beach Gardens, FL, USA]), one repre-
sented an internal octagonal connection
(Samo® [Samo Biomedica, Granarolo dell’
Emilia/ Bologna, Italy]) and one was charac-
terized as internal tube-in-tube-connection
(Nobel replace® [Nobel Biocare, Zurich, Swit-
zerland]). In one study (Canullo et al. 2012)
the implant system was described briefly, but
not named.

In most of the studies, periapical radio-
graphs with standardized projections and/or
paralleling technique were used and digitally
measured. Enkling et al. (2011), Kielbassa
et al. (2009) and Veis et al. (2010) used pano-
ramic radiographs also. Gultekin et al. (2013)
performed radiographic analyses utilizing a
cone beam computed tomography. Apart
from studies published by de Almeida et al.
(2011), Cappiello et al. (2008), Dursun et al.
(2012), Fernandez-Formoso et al. (2012), Kiel-
bassa et al. (2009), Pieri et al. (2011), Tramm-
ell et al. (2009), Veis et al. (2010), and Vigolo
& Givani (2009), digital radiographs were
used exclusively.

Meta-analysis

Meta-analysis was carried out, excluding two
RCTs published by Canullo et al. (2010) and
Prosper et al. (2009) due to lack of data
reporting mean values of MBL changes com-
paring PS- and PM-implant-abutment config-
urations and their standard deviations,
respectively. For meta-analysis, summary
measures of each included study (mean val-
ues of MBL changes comparing PS- and PM-
implant-abutment configurations) were used
only, since individual data were not available
and could not be extracted from the studies.
Included RCTs comprised a total of 549
patients receiving 1035 implants. Due to the
heterogeneous but relatively short follow-up
periods (one study each reporting a follow-up
of 12 months following implantation,
18 months following prosthetic loading,
25 months following prosthetic loading, two
studies reporting a follow-up of 24 months
following implantation, and eight studies
reporting a follow-up of 12 months following
prosthetic loading), a subgroup analysis of
these studies concerning different observa-
tion periods was not performed.

Funnel-plot calculation showed no asym-
metry (P = 0.733), revealing no evidence sup-
porting bias of selected studies (Fig. 5), and
therefore, the null-hypothesis assuming no
publication bias was not rejected.
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Table 4. Comparison of mean bone loss considering RCTs with an observation period of 12 months following prosthetic loading

Position of implant

Mean marginal
bone loss and

Mean marginal
bone loss and standard

shoulder; implant- standard deviation deviation (SD), Level of
abutment connection (SD), PM-group (control) PS group (test) significance Remarks Healing type
Fernédndez-Formoso Epicrestal 2.23 mm (SD 0.22) 0.68 mm (SD 0.88) P < 0.001 Submerged;
et al. (2012) IC non-submerged
Gultekin et al. n. a. 0.83 mm (SD 0.16) 0.35 (SD 0.13) P < 0.01 Different implant neck Submerged
(2013) ICNT and abutment
configurations
Hurzeler et al. Epicrestal 2.02 mm (SD 0.49) 0.22 mm (SD 0.53) P < 0.02 n. a.
(2007) EH
Kielbassa et al. n. a. 0.63 mm (SD 1.18) IT P=0.729 Immediate placement  Non-submerged
(2009) IH/EH/NT 0.95 mm (SD 1.37) and immediate
EH restoration without
0.64 mm (SD 0.94) loading
Penarrocha-Diago et al. Epicrestal 0.38 mm (SD 0.51) 0.12 mm (SD 0.17) P =0.047 Different implant neck Submerged
(2013) EH/IH and abutment
configurations
Pieri et al. (2011) Supracrestal 0.51 mm (SD 0.24) 0.2 mm (SD 0.17) P = 0.0004 Immediate placement Non-submerged
10 and immediate
restoration without
loading
Telleman et al. Epicrestal 0.85 mm (SD 0.65) 0.53 mm (SD 0.54) P =0.003 Non-submerged
(2012a) IH
Telleman et al. Epicrestal 0.73 mm (SD 0.48) 0.51 mm (SD 0.51) P=0.01 Non-submerged
(2012b) IH

Configuration of implant-abutment connection: EH external hexagon; IC internal conical connection; IH internal hexagon; 10 internal octagon; IT internal

tube-in-tube.

Table 5. Comparison of mean bone loss considering RCTs with an observation period of <12 months following prosthetic loading

Mean marginal

Mean marginal

Position of bone loss and bone loss and
implant standard deviation standard deviation Level of Healing Duration of follow-up
shoulder (SD), PM-group (control) (SD), PS group (test) significance type period
Enkling et al. Epicrestal 0.58 mm (SD 0.55) 0.53 mm (SD 0.35) P=04 Submerged 12 months following
(2011) IH implantation
Configuration of implant-abutment connection: IH internal hexagon.
The DerSimonian-Laird estimate for inter tion, whether there is an impact of platform (Atiech et al. 2010; Annibali et al. 2012).

study variance t*=0.182 (I*>=96.2%) was
significantly  different
(P < 0.0001), indicating a substantial degree
of heterogeneity. Therefore, treatment effects

found from 0

were assumed to be not homogeneous among
the studies considered, and a random effects
model for combining effects of all studies
was applied. Mean difference of marginal
bone loss of 0.49 mm (Clyse, 0.26; 0.73)
between PM implants and PS implants was
found significantly different from 0 (P <
0.0001, mixed effects model). Mean bone loss
for PS implants was 0.49 mm (Clgse, 0.38; 0.60)
and 1.01 mm (Clyse, 0.62; 1.40) for PM-
implants. Fig. 6 depicts the forest plot of mean
differences of marginal bone loss between PS
and PM implants on an implant-based analysis.

Discussion

The systematic review and meta-analysis
were conducted to address the focused ques-

350 | cClin. Oral Impl. Res. 26, 2015 | 342-358

switching on MBL changes around endos-
seous implants. Among other success crite-
ria, the change of the peri-implant bone level
is considered an important criterion for the
evaluation of implant therapy outcome and
an evidence for the presence or absence of
peri-implant tissue health (Albrektsson et al.
1986; Laurell & Lundgren 2011; Papaspyrida-
kos et al. 2012). Therefore, efforts were made
to preserve the peri-implant MBL stable fol-
lowing and throughout the prosthetic loading
phase. PS technique was supposed to be one
of the technical-driven factors to achieve
marginal or crestal bone stability. Recently,
published systematic
analyses supported this assumption by con-
firming the effectiveness of the PS technique,

reviews and meta-

significantly limiting marginal bone resorp-
dental implants,
while the cumulative estimated implant suc-

tion around endosseous

cess rate was detected to reveal no statisti-
cally significant difference between both
intervention groups of PS and PM implants

However, both groups of authors cautiously
summarize their findings, especially empha-
sizing the bone-preserving effects on large-
diameter implants (Annibali et al. 2012) or
the extent of the implant-abutment mis-
match (Atieh et al. 2010).

Nevertheless, within the limitations of the
recently published RCTs included for meta-
analysis presented here, the results of former
could be
revealing a significant difference between the

systematic reviews confirmed,
mean MBL change at endosseous implants
with a PS- compared to a PM-implant-abut-
ment configuration in favor of less bone loss
utilizing  PS-implant-abutment
tions. These findings were supported by the
results of the qualitative analysis of RCTs

configura-

and PCCS, revealing a tendency in favor of
the PS technique.

Although English language articles were
included into this systematic review only and
a publication bias cannot be excluded for this
reason, a cornucopia of articles addressing the

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Table 6. Comparison of bone loss considering PCCS

Strietzel et al - Platform switching and bone level changes

Position of Mean marginal Mean marginal
implant bone loss bone loss
shoulder PM group (control) PS group (test) Difference  Remarks Healing type Follow-up period
de Almeida et al. Subcrestal 0.7 mm 2.3 mm 0.3 mm n. a. Submerged Mean 33.4 (6-60)
(2011) (PM-group); months following
1.8 mm PS group) implantation
IH
Cappiello et al. Subcrestal 1.67 mm (SD 0.37) 0.95 mm (SD 0.32) P < 0.001 Provisional prosthesis Non-submerged 12 months
(2008) IH delivered 8 weeks following
following prosthetic
implantation loading
in average
Dursun et al. Epicrestal 0.56 mm (SD 0.35) 0.72 mm (SD 0.53) P =0.48 Non-submerged Max. 6 months
(2012) IH following
implantation
Fickl et al. (2010)  Subcrestal (PS); 1.00 mm (SD 0.22) 0.39 mm (SD 0.07) P <0.01 Submerged 12 months
epicrestal (PM) following
H prosthetic
loading
Linkevicius et al.  Epicrestal Mesial Mesial P> 0.408 Sample size : Non-submerged 12 months
(2010) IH 1.81 mm (SD 0.39) 1.60 mm (SD 0.46) 4 patients; following
distal distal 12 implants prosthetic
1.70 mm (SD 0.25) 1.76 mm (SD 0.45) loading
Veis et al. (2010)  Supracrestal 0.60 mm (SD 0.67) 0.69 mm (SD 0.47) P =0.127 Submerged 24 months
Epicrestal 1.23 mm (SD 0.96) 1.13 mm (SD 0.42) P = 0.649 following
Subcrestal 0.81 mm (SD 0.79)  0.39 mm (SD 0.52) P = 0.046 prosthetic
Total EH 0.88 mm (SD 0.85) 0.75 mm (SD 0.55) P =0.661 restoration
Vigolo & Givani Epicrestal 0.9 mm (SD 0.3) 0.6 mm (SD 0.2) P < 0.05 Submerged 5 years following
(2009) after 1 year prosthetic
After 5 years 1.1 mm (SD 0.3) 0.6 mm (SD 0.2) restoration
EH

Configuration of implant-abutment connection: EH external hexagon; IH internal hexagon; n.a., not announced.
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Fig. 5. Funnel plot of mean differences of mean mar-
ginal bone loss at implants with PS- and PM-implant-
abutment configurations. PS, Platform switching; PM,
platform matching.

technique and effects of PS were found via
electronic databases, of which 22 met the
inclusion criteria for this systematic review,
and 13 were found eligible to be included
into meta-analysis, following the PRISMA
recommendations (Moher et al. 2009).
Significant differences of peri-implant MBL
changes favoring the PS technique were
found in five out of six RCTs with a follow-
up period exceeding 12 months and in seven
of eight RCTs with a 12-month follow-up

following prosthetic loading. A single RCT
reporting a follow-up of 12 months following
implant insertion failed to show a significant
impact of the PS technique on peri-implant
MBL changes (Enkling et al. 2011). Consider-
ing the results of PCCS included into this
systematic review, only three studies indi-
cated a peri-implant MBL change signifi-
cantly less in the PS groups compared to
those utilizing PM-implant-abutment con-
nections. In one study, this difference was
remarkable in favor of the PS group obvi-
ously, but a statistical analysis to calculate
the level of significance was not performed
(de Almeida et al. 2011). Three of the PCCS
revealed no significant differences between
both treatment groups. Summarizing the
findings of the included publications, espe-
cially among the RCTs remarkably more
studies indicated results favoring signifi-
cantly the PS technique to prevent MBL
changes, than did the outcomes of PCCS
included into this systematic review. There-
fore, heterogeneity among the study condi-
tions is supposed to have a crucial influence
on study outcomes. Nevertheless, meta-
analysis of 13 RCTs revealed a significantly
less mean MBL change at PS implants com-
pared with PM implants, thus confirming the
supposed bone level stabilizing effect of PS-
least

implant-abutment configurations at

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

when considering short-term observations.
The longest follow-up period within the
RCTs reported up to 27 months
(25 months in average)] by Canullo et al.
(2009), whereas the longest follow-up period
within the PCCS was reported 5 years (Vigolo
& Givani 2009).

Investigations on methodological quality of
the RCTs included revealed that most infor-
mations were obtained from studies with an

was

unclear or high risk of bias for one or more
key domains. Due to the nature of the stud-
ies, a personnel blinding was excluded from
assessment of performance bias. As only a
few studies reported on radiographic examin-
ers different from surgeons involved in the
patients’ treatment, the bias concerning the
outcome assessment was rated unclear or
high in 10 of 15 RCTs. Drop-outs accounted
for attrition bias in seven of 15 RCTs. Due to
the risk of bias, the results of the meta-analy-
sis should be interpreted with caution.
Several implant-, clinician-, and patient-
related factors may contribute to marginal
bone loss, which were found varying among
the included studies, or were not addressed
while characterizing the included patients.
Significant differences in peri-implant MBL
changes considering several implant shape
and surface configurations were found within
a systematic review (Esposito et al. 2007),
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latform switch _platform match
Study otal Mean SD Total Mean SD
Canullo et al. 2012 40 050010 40 1.600.30
Canullo et al. 2009 11 030016 11 1.190.38
Crespi et al. 2009 30 073052 34 073045
Enkling et al. 2011 25 053035 25 058055
Fernandez-Formoso etal. 2012 58 0.68 0.88 56 2.230.22
Gultekin et al. 2013 43 035013 50 0.830.16
Hirzeler et al. 2007 14 0.22 0.53 8 2.020.49
Kielbassa et al. 2009 87 0.951.37 &5 0.631.18
Kielbassa et al. 2009a 69 0.64 0.94 85 0.631.18
Pefiarrocha-Diago et al. 2013 64 0.12 017 56 0.38 0.51
Pieri et al. 2011 18 0.200.17 19 0.510.24
Tellemann et al. 2012a 31 053054 31 085065
Tellemann et al. 2012b 52 0.51051 54 073048
Trammell et al. 2009 12 099053 12 1.190.58
Fixed effect model 554 566

Random effects model
Heterogeneity: Fsquared = 96.2%, tau-squared = 0.1821, P < 0.0001

Mean difference

MD 95%-Cl Wifixed) W(random)
= -1.10 [-1.20; -1.00] 16.5% 7.8%
o -0.89 [-1.13;-0.65 2.7% 7.3%
- -0.05 [-0.29; 0.19 2.8% 7.3%
-1 =0.05 [-0.31;, 0.21 2.4% 7.2%
] -1.55 [-1.78;-1.32 2.9% 7.3%
—0.48 [-0.54;-0.42] 455% 7.8%
—t -1.80 [-2.24;-1.36 0.8% 6.2%
e 0.32 [-0.06; 0.70 1.1% 6.5%
-T- 0.01 [-0.32; 0.34 1.4% 6.8%
- —0.26 [-0.40;-0.12, 8.1% 7.7%
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R -0.32 [-0.62;-0.02 1.8% 7.0%
sl -0.22 [-0.41;-0.03 4.4% 7.5%
o —0.20 [-0.64, 0.24 0.8% 6.1%
-0.55 [-0.59; -0.51 100% -
< -0.49 [-0.73: -0.26 - 100%
— T T

-2 -1 0 1 2

Fig. 6. Forest plot of mean differences of effects of PS and PM on marginal bone level changes and two-sided Clyse,
of all treatment effects. PS, Platform switching; PM, platform matching.

but these differences disappeared in the
meta-analysis. However, rough implant sur-
faces were found more susceptible for inflam-
matory peri-implant  tissue  destruction
compared to titanium implants with turned
surfaces (Esposito et al. 2007).

The influence of periodontal disease of the
included patients was not addressed in none
of the studies. However, periodontally com-
promised patients may exhibit significantly
peri-implant marginal bone loss compared to
periodontally healthy subjects (Karoussis
et al. 2007; Ong et al. 2008). Especially peri-
odontally compromised smoking patients
with treated periodontitis revealed signifi-
cantly more peri-implant marginal bone loss
compared to periodontally healthy smokers
(Aglietta et al. 2011), therefore smoking and
the history of periodontitis should be consid-
ered risk factors for marginal bone loss
around endosseous implants. Among patient-
related factors, smoking alone has a detri-
mental effect on early bone tissue response
even around moderately roughened oxidized
implant surfaces (Shibli et al. 2010) and is
considered to be associated with increased
peri-implant marginal bone loss (Feloutzis
et al. 2003; Penarrocha et al. 2004; Aalam &
Nowzari 2005; Strietzel et al. 2007; Heitz-
Mayfield & Huynh-Ba 2009; Aglietta et al.
2011; Albrektsson et al. 2012). None of the
studies included into this systematic review,
investigated the effects of PS on peri-implant
marginal bone loss among smokers compared
with non-smokers.

In some of the studies insertion depths dif-
fered (de Almeida et al. 2011; Fickl et al.
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2010; Prosper et al. 2009; Veis et al. 2010),
some others reported results obtained with
implant systems with different
diameters and different distances between the

different

abutment diameter and the diameter of the
implant neck (Crespi et al. 2009; Kielbassa
et al. 2009; Dursun et al. 2012; Fernindez-
Formoso et al. 2012; Penarrocha-Diago et al.
2013). Moreover, the studies differed regard-
ing the use of implant-abutment connection
type and the surface texture at the implant
neck. Therefore, results of the meta-analysis
— even when revealing significant differences
of mean marginal bone loss favoring the PS
technique within limited observation periods
— should be interpreted with caution.

Future investigations on the effect of PS
should consider a uniform design of RCTs
with
regarding the implant and abutment diame-

preferably, comparable conditions
ter, the implant-abutment connection type,
the implant surface at the neck portion and
insertion depth as well as longer observation
periods of at least 5 years. Patient-related
confounding factors for peri-implant marginal
bone loss (e.g., medical history, history of
periodontitis, smoking) should be considered
in evaluating study designs for investigations
on PS effects on the peri-implant MBL too.

Summary

The meta-analysis of 13 RCTs revealed a sig-
nificantly less mean MBL change at implants
with a PS-implant-abutment configuration
compared with PM-implant-abutment design.

Aglietta, M., Siciliano, V.I., Rasperini, G., Cafiero,
C., Lang, N.P. & Salvi, G.E. (2011) A 10-year ret-
rospective analysis of marginal
changes around implants in periodontally healthy
and periodontally compromised tobacco smokers.
Clinical Oral Implants Research 22: 47-53.

bone level

These results were obtained from studies
with unclear as well as high risk of bias
mostly. The mean observation periods were
short, ranging between 12 months following
implantation up to 25 months following
prosthetic loading. However, within the lim-
its of the recently available publications of
RCTs and PCCS, the tendency revealing
from the studies’ results favors the PS tech-
nique to prevent or minimize peri-implant
marginal bone loss, compared to implants
with PM abutments.

Due to heterogeneity of the 22 included
studies, their results must be interpreted cau-
tiously, and the answer to the focused ques-
tions whether platform switching has an
impact on MBL changes around endosseous
implants remains controversial.

Besides longer observation periods, further
investigations on the effects of PS should
consider a uniform and comparable study
design while excluding or exactly document-
ing possible confounding factors.
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Reported on

Section/topic Item no. Checklist item page no.
Title 1 Impact of platform switching on marginal peri-implant bone-level changes. 1
A wsystematic review and meta-analysis.
Abstract
Structured 2 Objective: To address the focused question: Is there an impact of platform 2
summary switching (PS) on marginal bone-level changes around endosseous implants
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compared to implants with platform-matching (PM) implant-abutment
configurations?

Material and methods: A systematic literature search was conducted using
electronic databases PubMed, Web of Science, Journals@Ovid Full Text and
Embase and manual search for human randomized clinical trials (RCTs) and
prospective clinical controlled cohort studies (PCCS) reporting on marginal
bone level changes at implants platform switching, compared to platform-
matching implant-abutment connections, published between 2005 and June
2013, following the recommendations for preferred reporting items for
systematic reviews and meta-analyses (PRISMA)

Results: 22 publications were found eligible for the systematic review. The
qualitative analysis of 15 RCTs and 7 PCCS revealed more studies (13 of 15
RCTs and three out of seven PCCS) showing a significantly less mean marginal
bone level change around implants with PS implant-abutment connections
compared to PM-implant-abutment connections, thus indicating a clear
tendency favoring the platform-switching technique. A meta-analysis
including 13 RCTs revealed a significantly less mean marginal bone-level
change (0.49 mm Clgso, [0.38; 0.60]) at PS implants compared to PM implants
(1.01 mm [Clgse, 0.62; 1.40] (P < 0.0001) on an implant-based analysis

Conclusions: The Meta-analysis revealed a significantly less mean marginal
bone-level change at implants with a PS implant-abutment configuration
compared with PM implant-abutment design. These results were from studies
with unclear as well as high risk of bias mostly and relatively short follow-up
periods. The qualitative analysis of RCTs and PCCS revealed a tendency
favoring the PS technique to prevent or minimize peri-implant marginal bone
loss, compared to PM technique. Due to heterogeneity of the included
studies, their results require cautious interpretation. Besides longer
observation periods, further investigations should consider a uniform and
comparable study design while excluding or exactly documenting possible
confounding factors
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Table A1. (continued)

Reported on
Section/topic Item no. Checklist item page no.

Introduction
Rationale 3 The radiographically detectable peri-implant bone level following prosthetic 3
loading is considered one of the relevant success criteria for evaluating dental
implant therapy outcomes. Marginal bone loss may occur around dental
implants due to peri-implant infections, but also for other reasons. A limited
amount of crestal or marginal bone loss is supposed to be a biologic response
to implant placement procedure. Since introduction of the platform-switching
concept into construction of implant systems and abutment configurations,
their experimental impact on peri-implant bone level alterations was studied
in various finite-element, in vivo, and clinical studies as well. Platform
switching is considered as the changing of an implant abutment to one with
a smaller diameter, so as to place the implant-abutment interface medial to
the edge of the implant platform. The relatively short follow-up periods of
most studies focusing on the effect of platform switching on marginal bone
loss compared to platform matching implant-abutment configurations and
different sample sizes led to different conclusions even in systematic reviews,
ranging from not revealing any clinical superiority for any particular implant
design in maintaining marginal bone levels to recognizing the platform
switching technique as appearing useful in limiting bone resorption.
Therefore, the rationale for this systematic review and meta-analysis was to
systematically review the publications of RCTs and PCCS regarding the impact
of platform switching on marginal bone level changes around endosseous
implants compared with platform-matching implant-abutment configurations,
to identify the need of and to develop recommendations for future research
Objective 4 To address the focused question: Is there an impact of platform switching (PS) 4
on marginal bone-level changes around endosseous implants compared to
implants with platform-matching (PM) implant-abutment configurations?
Methods
Protocol 5 A systematic literature search in electronic databases was conducted, studies 5,6
were selected according to predefined inclusion criteria, following a review
protocol and a search strategy, described in the Material and methods section
The authors were invited to perform a systematic review on the topic of 2
periimplant marginal bone loss at implants with platform-switching or
platform-matching implant-abutment configurations by the Camlog
foundation
Eligibility 6 Randomized controlled trials and prospective clinical controlled studies in 5
criteria humans were selected only, published between 2005 and June 2013 in English
or German, following the PICO format. P: population [patients undergoing
implant-prosthetic rehabilitation, which were included into randomized
controlled clinical trials or prospective controlled clinical studies, comparing
peri-implant marginal bone loss around endosseous implants with platform-
switching (PS) or platform-matching (PM) implant-abutment-configurations]; I:
intervention [use of endosseous dental implants with a PM (the abutment
diameter and implant neck diameter were identical) or PS (the abutment
diameter was medialized compared to the implant neck diameter) implant-
abutment-configuration]; C: comparison, and O: outcome [clinical studies
comparing treatment outcomes using PM and PS implants with special
consideration of radiographically detected peri-implant marginal bone level
changes were considered for evaluation]
Information 7 Data bases: PubMed/Medline, Web of Science, Journals@Ovid Full Text, 6
sources Embase.
Handsearch: German-language peer-reviewed journals Journal of Oral
Implantology (Zeitschrift fuer zahnaerztliche Implantologie) or Implantologie
For detection of unpublished data from clinical studies: http://apps.who.int/ 7
trialsearch/; http://www.clinicaltrialsregister.eu/; www.clinicaltrials.gov;
www.centerwatch.com; www.controlled-trials.com
Search 8 For PubMed/Medline, Web of Science, Journals@Ovid Full Text, Embase, the 6
following search strategy was used: Population/Patients/Intervention/Control
“dental implant-abutment design”[MeSH Terms] OR (“dental”[All Fields] AND
“implant-abutment”[All Fields] AND “design”[All Fields]) OR “dental
implant-abutment design”[All Fields] OR (“dental”[All Fields] AND
“implant”[All Fields] AND “platform”[All Fields] AND “switching”[All Fields])
OR
("dental implants”[MeSH Terms] OR (“dental”[All Fields] AND “implants”
[All Fields]) OR “dental implants”[All Fields] OR (“dental“[All Fields] AND
“implant”[All Fields]) OR “dental implant”[All Fields]) AND (platform
[All Fields] AND switching[All Fields])
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Table A1. (continued)

Section/topic

Item no.

Reported on
Checklist item page no.

Study
selection

Data
collection
process

Data items

Risk of bias

Summary
measures

Planned
method of
analysis;

synthesis of

results

Risk of bias
across
studies

Additional
analysis

10

11

12

13

14

15

16
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OR
(“dental implants”[MeSH Terms] OR (“dental”[All Fields] AND “implants”
[All Fields]) OR “dental implants”[All Fields] OR (“dental“[All Fields] AND
“implant”[All Fields]) OR “dental implant”[All Fields]) AND (platform
[All Fields] AND switching[All Fields]) AND crestal[All Fields]
Outcome
("dental implants”[MeSH Terms] OR (“dental”[All Fields] AND “implants”
[All Fields]) OR “dental implants”[All Fields] OR (“dental“[All Fields] AND
“implant”[All Fields]) OR “dental implant”[All Fields]) AND (crestal[All Fields]
AND (“bone and bones”[MeSH Terms] OR (“bone”[All Fields] AND “bones”
[All Fields]) OR “bone and bones”[All Fields] OR “bone”[All Fields]) AND
level[All Fields])
OR
(“dental implants”[MeSH Terms] OR (“dental”[All Fields] AND “implants”
[All Fields]) OR “dental implants”[All Fields] OR (“dental”[All Fields] AND
“implant”[All Fields]) OR “dental implant”[All Fields]) AND ((“bone and
bones”[MeSH Terms] OR (“bone”[All Fields] AND “bones”[All Fields]) OR
“bone and bones”[All Fields] OR “bone”[All Fields]) AND level[All Fields]
AND (“Change”[Journal] OR “change”[All Fields]))
OR
(“dental implants”[MeSH Terms] OR (“dental”[All Fields] AND “implants”
[All Fields]) OR “dental implants”[All Fields]) AND ((“bone and bones”
[MeSH Terms] OR (“bone”[All Fields] AND “bones”[All Fields]) OR “bone
and bones”[All Fields] OR “bone”[All Fields]) AND level[All Fields] AND
(“Change”[Journal] OR “change”[All Fields])).
Limits: humans; randomized controlled trial; controlled clinical trial;
systematic reviews; meta-analysis; abstract available; language:
English, German; date of publication January, 2005 up to
June, 2013
See Fig. 1: Search strategy and results of identification, screening for eligibility 5
and inclusion of publications considered for systematic review and meta-
analysis. Disagreement between the reviewers was resolved by consensus
Data figuring predefined items of each study published were extracted 8
independently by two reviewers (FPS and MH) into tables, compared and
confirmed thereafter
Data regarding following items were extracted: sample size (numbers of male 6
and female patients, implants), duration of observation period considering
implantation date and date of prosthetic loading as well as last follow-up,
mean age
Data reporting mean values of radiographically detected marginal bone-level
changes and their standard deviations from RCTs were used for meta-analysis
only
Additionally, data reporting mean values of radiographically detected marginal
bone level changes from RCTs and PCCS were used for systematic review
A quality assessment of the studies included for the systematic review and for 7
meta-analysis was done following the Cochrane collaboration
recommendations for evaluation of RCTs (Higgins & Green 2011), focusing on
the following criteria: random sequence generation and allocation
concealment (both accounting for selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessment (detection
bias), incomplete outcome data (attrition bias), selective reporting (reporting
bias), or other possible causes of bias
The primary measure of the effect of PM- compared to PM-implant-abutment 8
configuration was the radiographically detectable mean marginal bone level
change and its standard deviation between the baseline and the end of the
follow-up period
Meta-Analysis: Statistical heterogeneity among the RCTs selected for meta- 8
analysis was planned to be assessed utilizing the DerSimonian-Laird estimate
for inter study variance. If heterogeneity of the studies would be detected, a
random effects model was planned to be performed for meta-analysis.
A forest plot was planned to be calculated to investigate on a possible
difference between the mean marginal bone loss in the groups of
PS- compared with PM-implant-abutment configurations on an
implant-based analysis
A funnel plot was planned to be calculated to detect a possible bias in the 8
selection of studies, and a test for funnel-plot asymmetry was carried out
based on linear regression.
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Reported on

Section/topic Item no. Checklist item page no.
Results
Study 17 Identification of studies within the databases and handsearch as indicated 8
selection in the text and in item 7:
Records identified through electronic database searching
(after removing duplicates): 804
Records identified through hand searching: 3
Screening:
Records screened 807
Records excluded (not matching the inclusion criteria) 784
Eligibility:
Full-text articles assessed for eligibility 23
Full-text articles excluded for not fulfilling the exclusion criteria 1
Inclusion:
Studies included for qualitative synthesis 22
Studies not eligible for meta-analysis 9
Studies included for quantitative synthesis 13
See flow diagram Fig. 1
Study 18 All studies finally selected for meta-analysis were RCTs performed in humans, 9
characteristics published in English language. The study samples included comprised 549
patients receiving a total of 1035 implants. The follow-up period ranged
between 12 months following implantation up to 25 months following
prosthetic loading. See Tables 1 and 3-5 also
Risk of bias 19 See Tables 2 and A2
within studies
Results of 20 See Fig. 6
individual
studies
Synthesis of 21 The DerSimonian-Laird estimate for inter study variance > = 0.182 was found 13
results significantly different from 0 (P < 0.0001). Therefore, treatment effects were
assumed to be not homogeneous among the studies considered, and a
random effects model for combining effects of all studies was applied
Mean differences of marginal bone loss of 0.49 mm (Clgso, 0.38; 0.60) at PS
implants and of 1.01 mm (Clgse, 0.62; 1.40) at PM implants were found
significantly different (P < 0.0001, mixed effects model).
Risk of bias 22 Funnel-plot calculation showed no asymmetry (P = 0.733), revealing no 13
across studies evidence supporting bias of study selection (see Fig. 5). Assessment of 9
methodological quality of the studies revealed an unclear or high risk of bias
Additional 23
analysis
Discussion 24 Among other success criteria, the change of the peri-implant bone level is 13
Summary of considered an important criterion for the evaluation of implant therapy
evidence outcome and an evidence for the presence or absence of peri-implant tissue

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

health. PS technique was supposed to be one of the technical-driven factors
to achieve marginal or crestal bone stability. Within the limitations of the
recently published RCTs included for meta-analysis presented here, revealed a
significant difference between the mean marginal bone level change at
endosseous implants with a PS- compared to a PM-implant-abutment
configuration in favor of less bone loss utilizing PS-implant-abutment
configurations (see item No. 21). These findings were supported by the results
of the qualitative analysis of RCTs and PCCS, revealing a tendency in favor of
the PS technique.

Significant differences of peri-implant marginal bone-level changes favoring
the platform-switching technique were found in five out of six RCTs with a
follow-up period exceeding 12 months and in seven of eight RCTs with a 12-
month follow-up following prosthetic loading. A single RCT reporting a
follow-up of 12 months following implant insertion failed to show a
significant impact of the platform-switching technique on peri-implant
marginal bone-level changes (Enkling et al. 2011). Considering the results of
PCCS included into this systematic review, three studies indicated a peri-
implant marginal bone level change significantly less in the PS groups
compared with those utilizing PM-implant-abutment connections. In one
study, this difference was remarkable in favor of the platform-switching
group obviously, but a statistical analysis to calculate the level of significance
was not performed. Three of the PCCS revealed no significant differences
between both treatment groups. Summarizing the findings of the included
publications, especially among the RCTs remarkably more studies indicated
results favoring significantly the platform-switching technique to prevent
marginal bone-level changes, than did the outcomes of PCCS included into
this systematic review
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Table A1. (continued)

Reported on
Section/topic Item no. Checklist item page no.

Limitations 25 Heterogenous methodology was found in most of the studies, accounting for 15
an unclear or high risk of bias across the studies. Follow-up periods of RCTs
included were short. Potential confounders (medical history, smoking status,
periodontal status) known to interfere with the health of peri-implant tissues
and marginal bone level as well were not addressed in most of the studies.
Among 22 studies, use of 17 different implant systems with different implant
neck geometry and configuration as well as surface texture of the implant
neck were reported. Among some of the studies, the insertion depth of the
implant neck portion differed
Conclusions 26 Meta-analysis of 13 RCTs revealed a significantly less mean marginal bone level 16
change at implants with a PS implant-abutment configuration compared to
PM-implant-abutment design. These results were from studies with unclear as
well as high risk of bias mostly and relatively short follow-up periods, ranging
between 12 months following implantation up to 25 months following
prosthetic loading
Within the limits of available publications of RCTs and PCCS, the qualitative
analysis revealed a tendency favoring the PS technique to prevent or minimize
peri-implant marginal bone loss, compared to implants with PM abutments
Due to heterogeneity of the 22 included studies, and even of those 13 RCTs
included for meta-analysis, their results require cautious interpretation.
Therefore, the answer to the focused question whether platform switching
has an impact on marginal bone level changes around endosseous implants
remains controversial.
Besides longer observation periods, further investigations should consider a
uniform and comparable study design while excluding or exactly
documenting possible confounding factors
Funding 27 The preparation and presentation of this systematic review was supported 2
by an unrestricted grant provided by the Camlog foundation, Basel,
Switzerland

Table A2. Summary of assessment of risk of bias of RCTs (frequency distributions in %)

Risk of bias Selection bias Performance bias Detection bias Attrition bias Reporting bias Other bias
Low 73.3 86.7 33.3 53.3 86.6 60.0
Unclear 6.7 0 20.0 0 6.7 40.0

High 20.0 133 46.6 46.7 6.7 0
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