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Influence of Platform 
Switching, Abutment Design 
and Connection Protocols on 
the Stability of Peri-Implant 
Tissues. A Systematic Review

ABSTRACT
Purpose: To appraise the effect of abutment factors namely platform switching, design and 

connection protocols on the stability of peri-implant tissues. Materials and Methods: An elec-
tronic and hand search were conducted. Randomized control trials and controlled prospective 
studies of at least one-year follow-up, published in the last 12 years, were included. Results: 
Initial electronic database search generated 3054 studies, while individual journal and hand 
searching resulted in 232 articles. Sixty-three publications were selected for full text analysis 
based on inclusion and exclusion criteria. Nineteen articles investigated platform switching. 
Fourteen studies reported positive influence of platform switching while five studies did not 
find a significant difference in bone loss compared to platform matched abutments. Two arti-
cles reported on concave abutments and found no advantage over conventional abutments. 
Seven studies investigated “one-abutment-one-time protocol”, two found comparable re-
sults to multiple abutment disconnections while five studies suggested better soft and hard 
tissue maintenance. The risk of bias was unclear or high in most studies. Conclusion: Platform 
switched abutments may reduce crestal bone loss during the first year. There is insufficient 
evidence to suggest better clinical outcomes of concave abutment. There is insufficient evi-
dence to indicate the superiority of ‘one abutment-one-time protocol’.

INTRODUCTION
The advent of osseointegrated implants has revolutionized dental treat-

ment in both partially and completely edentulous patients. High implant 
success and survival are well documented in the literature.1-3 In spite of a 
great difference existing between implant success and survival, these two 
terms tend to be loosely used resulting in confusion. A surviving implant 
might not be necessarily successful due to lack of function or failed aesthet-
ics. Maintenance of peri-implant bone and soft tissue are considered to be 
the main factors required for implant success. 

Progressive loss of peri-implant supporting structures indicates a dis-
ease process termed peri-implantitis. Many risk factors have been identi-
fied such as smoking, history of periodontitis, poor oral hygiene, diabetes 
and lack of keratinized mucosa.4-8 In addition, the implant abutment can 
also play a major role in reducing the risk of peri-implantitis by supporting 
peri-implant soft tissues, creating an epithelial seal and resisting apical 
migration around implants.9 
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Many clinical studies have shown that varying abutment 
size,10,11 material,12,13 design,14 roughness and surface topog-
raphy,15,16 size of implant-abutment microgap,17,18 and num-
ber of abutment reconnections19-21 can result in varying de-
grees of peri-implant bone and soft tissue response, which 
can influence initiation of peri-implantitis in the long-term. 
However, robust clinical evidence is lacking for the general 
practitioner to select the most appropriate abutment in clini-
cal situations.22 The scientific evidence in the literature is un-
clear regarding the clinical outcomes of platform switching 
and there is a lack of definitive documentation on the impact 
of repeated implant-abutment disconnection and reconnec-
tion.23 In addition, abutment design recommendations are 
sometimes based on histological outcomes from animal stud-
ies rather than clinical outcomes from well conducted human 
studies.14,24 Hence, this systematic review was undertaken as a 
trial to find the best possible evidence on selecting abutments 
that will maintain peri-implant tissues. 

The formulated PICO question was: What are the effects of 
platform switching, novel abutment design and one-abut-
ment one-time connection protocol as compared to platform 
matched abutments, standard abutments and multiple abut-
ment disconnections on the preservation of hard and soft tis-
sues in patients receiving dental implants? The null hypoth-
esis stated was that different abutments will result in similar 
peri-implant crestal bone and soft tissue changes. 

MATERIALS AND METHODS
A detailed approach was undertaken based on the preferred 

reporting items for systematic reviews and meta-analyses 
(PRISMA/Table 1) guidelines.25 

TEST GROUP
The studies were included if they reported on the follow-

ing interventions: use of platform switched abutment (PSA), 
novel abutment design involving geometry or surface micro-
structure and definitive abutment at time of surgery. Control 
group: a prerequisite for study inclusion was the existence of a 
control intervention in the form of use of a platform matched 
abutment (PMA), standard abutment design, and provisional 
or healing abutment.

INCLUSION CRITERIA 
Randomized control trials and prospective clinical trials with 

control groups published in peer reviewed journals since 
2007. The follow-up period was at least 1-year from abutment 
connection. The study population included patients who re-
ceived single or multiple dental implants in healed sites or 
immediately after tooth extraction. There was no restriction 
on patient age, type of implant loading and prosthesis design. 
The included studies did not exclude smoking and a previous 
history of periodontal disease. 

EXCLUSION CRITERIA 
In vitro, animal and retrospective studies, studies conducted 

on less than 10 patients in either test or control groups, and 
implants placed for overdenture prosthesis.

SEARCH STRATEGY

Identification
The search strategy incorporated both an electronic and hand 

search. The following electronic databases were utilised: Ovid/
MEDLINE, The Cochrane Libraries, Embase, PREMEDLINE, Pub-
Med, and Google Scholar. “Index term search” was first run 
using the following terms “dental abutment”, “dental implant-
abutment design”, “dental implantation, endosseous”, “dental 
implants”. This step was followed by text word search using 
the following terms: “peri-implant tissue” OR “periimplant tis-
sue” OR “tissue biotype” OR “tissue architecture” OR “marginal 
bone loss” OR “bone loss” OR “soft tissue recession” OR “bone 
resorption” OR “bone remodelling” OR “peri-implantitis” OR 
“periimplantitis” OR “mucositis”. “implant abutment material” 
OR “implant abutment design” OR “scalloped implant” OR “plat-
form-switched implant” OR “gingival converged implant” OR 
“concave implant abutment” OR “titanium zirconium alloy” OR 
“commercially pure titanium” OR “nonporous titanium dioxide” 
OR “micro-gap” OR “microgap” OR “abutment” OR “titanium 
nitrite” OR “gold alloy” OR “connection” OR “reconnection” OR 
“re-connection” OR “disconnection” OR “misfit”. Hand search 
was also undertaken utilizing the reference list of the included 
papers and relevant systematic reviews. The results were lim-
ited to human studies with no language restrictions.

Screening and selecting
A 3-step search strategy was adopted in this review. Article ti-

tles were scanned by two independent reviewers. Further filtra-
tion was carried out through the abstract and full text reviewing. 
Any disagreements between reviewers were resolved through 
discussion or inclusion of a third reviewer. In cases where the 
same authors had several publications for the same study, the 
most recent publication only was included in the analysis. This 
would allow reviewing the study with the most complete dataset.

Quality assessment and risk of bias
An appraisal of the methodological characteristics of the pri-

mary studies was undertaken to identify risk of bias. Quality 
assessment was done on both study and outcome levels to 
evaluate reliability and validity of data for each individual study. 
Elected articles for full text review were assessed using “Grad-
ing of Recommendations Assessment, Development, and Eval-
uation” (GRADE) tool. The GRADE tool is designed to determine 
quality of evidence and identify limitations in study design and 
execution. It categorises the quality of evidence into high, mod-
erate, low, or very low and the risk of bias is classified into high, 
uncertain, or low (Table 2 & Figure 1).
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RESULTS
The initial electronic database search generated 3054 

studies, while individual journal and hand searching resulted 
in 232 articles. Removal of duplicates and irrelevant articles 
followed by title review resulted in 157 studies available for 
abstract screening. Finally, 63 publications were selected for 

full text analysis based on previously stated inclusion and 
exclusion criteria. The most common reasons for exclusion 
were differences in study design compared to that included 
in the research protocol, insufficient number of patients or 
follow-up period, irrelevant outcome data, and duplicate 
studies by the same authors. 

 Table 1: PRISMA Flow Diagram used in the current study [24] 
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Table 1. PRISMA Flow Diagram used in the current study.24
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Table 2. Quality assessment and risk of bias: no study was completely free of bias

A B C D E F

Platform switching 

Cappiello et al 2008

Crespi et al 2009

Prosper et al 2009

Trammel et al 2009

Vigolo and Givani 2009

Canullo et al 2010

Fickl et al 2010   

Veis et al 2010

Pieri et al 2011

Canullo et al 2012

Enkling et al 2013

Guerra et al 2014

Meloni et al 2014

Pozzi et al 2014

Telleman et al 2014

Canullo et al 2016   

Telleman et al 2017

Saito et al 2018  

Cooper et al 2019

Abutment connection

Canullo et al 2010

Degidi et al 2011

Grandi et al 2012

Degidi et al 2014

Grandi et al 2014

Bressan et al 2017

Çömlekoglu et al 2018

Abutment Geometry
Weinländer et al 2011

Patil et al 2014

A: Allocation concealment (selection bias)
B: Blinding of participants and personnel (performance bias)
C: Blinding of outcome assessment (detection bias)
D: Intention to treat analysis (loss of follow-up)
E: Incomplete outcome data (attrition bias)
F: Selective reporting (reporting bias)

P197



ejprd.org - Published by Dennis Barber Journals.		  Copyright ©2021 by Dennis  Barber Ltd. All rights reserved. 

European Journal of Prosthodontics and Restorative Dentistry (2021) 29,  194-207

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • Influence of Abutments on Peri-Implant Tissue Stability...

 
 
 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Allocation concealment (selection bias)

Blinding of participants and personnel
(performance bias)

Blinding of outome assessment (detection bias)

Intention fo treat analysis (loss of follow-up)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Low risk of bias Unclear risk of bias High risk of bias

Figure 1: Statistical representation of the risk of bias 

Figure 1. Statistical representation of the risk of bias

Thirty-three articles satisfied the 3-step screening process and 
were categorised with respect to their context to platform switch-
ing,19 abutment geometry,2 one-abutment-one-time protocol.7 
Details of selected study design and population are listed in (Ta-
ble 3) and include year of publication, patient number and age, 
study setting, implant number and follow-up period. The com-
parison of the outcome data is listed in (Table 4) and provides in-
formation on implant success rate, vertical and horizontal bone 
level changes, peri-implant mucosal changes, and aesthetics.

The selected studies in platform switching presented great di-
versity regarding implant placement and loading protocols. In 
nine studies,26-34 implants were placed in healed sites and were 
submerged for the conventional healing period. In two stud-
ies,35,36 implants were placed immediately after tooth extraction 
and were immediately restored but without occlusal contacts. In 
two studies,37,38 immediate provisional restorations were placed 
following implant placement in healed sites. In two studies,39,40 
implants were immediately placed after tooth extraction and 
loaded. In four studies,41-44 healing abutments were connected 
immediately after implant placement in healed sites. 

The implant-abutment mismatch was developed in two 
ways: either by varying the implant diameter through use of 
regular and wide platform implants,28,30,34,41-43 or by varying 
the abutment diameter.26,27,29,31,33,35-37,39,44 Only one randomized 
control trial32 utilized 2 different implant and abutment diam-
eters and two studies38,40 did not report on the amount of mis-
match or implant and abutment diameters used.

There was a paucity in high level research evidence that eval-
uated novel abutment designs regarding both geometry and 
surface characteristics. Only 2 randomized control trials45,46 
fulfilled the inclusion criteria. Both studies were conducted 

for one year and examined a concave abutment design com-
pared with a conventional straight46 or convex45 design.

Seven studies21,47-52 reported on the ‘one-abutment one-time’ 
concept. All were randomized control trials except Degidi et al 
(2011)48 which was a prospective study incorporating a control 
group. Implants were placed in the maxilla and mandible, and 
in the anterior and posterior regions. All implants were im-
mediately restored using definitive or provisional abutments. 
Provisional abutments were removed at least 3-4 times com-
pared to non-removal of definitive abutments.

 There was also a great variability in the type of implant restora-
tions investigated in the studies. However, all studies used the 
same implant prosthetics for both test and control abutments. 
Twelve publications26,31-33,35-38,40,41,43,53 studied single implant resto-
rations with platform matched and platform switched designs. 
Implant bridges were placed in four studies28,34,42,54 while two 
studies39,44 investigated the outcome of the platform switched 
protocol in both single and splinted implant restorations. In two 
studies29,30 the type of implant restoration was not mentioned.

Both studies, selected for abutment design examined out-
comes in single implant crowns. Weinlander et al (2011)45 con-
nected the abutments in provisional restorations immediately 
after implant placement in posterior regions of the maxilla 
and mandible. Patil et al (2014)46 submerged the implants in 
the maxillary and mandibular anterior regions.

The outcome of one-abutment one-time protocol was in-
vestigated in single implant crowns21,47,50,52 and in implant 
bridges.48,49 Only one study examined both single and splinted 
implant restorations.51

The information on the type of implant restoration in select-
ed studies is listed in Table 5.
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DISCUSSION
This systematic review showed that different abutment 

designs and connection protocols can influence peri-implant 
soft tissue and marginal bone response and the stated 
hypothesis was rejected. The effect of these factors was also 
evaluated on implant success and dimensional changes in 
hard and soft tissues. Meta-analysis was not performed due 

to the heterogeneity of the selected studies. The study design 
among selected articles varied significantly regarding implant 
placement and loading protocols, type of implant restorations, 
methods and standardization techniques for hard and soft 
tissue evaluation. In addition, absence of evidence that all 
implants in the selected studies were placed at a standardized 
distance from the alveolar crest added to the heterogeneity 
of our review.55 The inclusion of non-randomized controlled 
prospective studies may have further introduced bias.56 

In spite of the differences in study design between selected 
publications, all studies used same type of implant restoration 
for both test and control groups. Hence, we believe that the 
type of implant prosthetics did not influence the hard and soft 
tissue outcomes.

Most of the studies in this review were randomized control 
trials (RCTs) which are often considered to be the “gold stand-
ard” of clinical trials. Despite being the least biased study de-
sign, true RCTs are extremely difficult to employ in the dental 
field because of reasons of feasibility and ethics considera-
tions.57 Prospective studies with control groups were also 
included in this review. They represent high quality evidence 
compared to observational retrospective studies.58

The concept of platform switching was introduced by Lazzara 
and Porter in 2006.59 It was suggested that horizontal inward 
repositioning of the implant-abutment interface resulted in 
inward shifting of the inflammatory infiltrate at implant-abut-
ment junction. Consequently, platform switching modality was 
established to preserve and limit peri-implant bone loss. It was 
also reported that platform switching had the mechanical ad-
vantage of reducing the shear stress at the bone-implant inter-
face by shifting the high stress area toward the centre of the im-
plant reducing the strain energy in the cortical bone surface.60

This review found significantly less initial alveolar bone 
height loss with platform switched compared to platform 
matched abutments. This difference tended to disappear af-
ter 1 year of loading.26,30,33,39 These findings agree with the re-
sults of other systematic reviews.55,56,61 Atieh et al (2010)56  and 
Junior et al (2016)55 stated that there was a significant reduc-
tion in crestal bone loss in platform switched as compared to 
platform matched implants. The mean difference of bone loss 
between groups was 0.68 mm56 and 0.41 mm55 respectively 
which represents a statistical significance but not necessar-
ily a clinical significance. In addition, an inherent limitation 
was the marked heterogeneity between included studies. Im-
plants were not placed at a standardized distance from the 
alveolar crest.55,56 Some studies showed that implants placed 
under the alveolar crest showed more significant peri-implant 
bone loss compared to implants installed at bone level irre-
spective of abutment type.18,62,63 

The majority of studies included in this review had short 
observational periods ranging from 1 to 3 years. The longest 
study reporting beneficial effects of platform switching was 
conducted by Canullo et al (2017)36 for 10 years. However, 

Table 5. Type of implant restoration for platform switched 
protocol, abutment dis/reconnection, and abutment geometry

Single implants
Implant 
bridges

Not mentioned

Platform switching

Cappiello et al 2008 Prosper et al 2009 Fickl et al 2010 

Crespi et al 2009 Trammel  
et al 2009 Veis et al 2010

Vigolo and Givani 2009 Crespi et al 2009 

Pieri et al 2011 Canullo et al 2010 

Enkling et al 2013 Canullo et al 2012 

Guerra et al 2014 Telleman  
et al 2014

Meloni et al 2014

Pozzi et al 2014

Telleman et al 2014

Canullo et al 2016

Telleman et al 2017

Saito et al 2018

Cooper et al 2019

Abutment  
dis/reconnection

Canullo et al 2010 Digidi et al 2011

Degidi et al 2014 Grandi et al 2012

Grandi et al 2014 Bressan et al 2017

Bressan et al 2017

Çömlekoğlu et al 2018

Abutment Geometry

Weinländer et al 2011

Patil et al 2014
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due to the small sample size and strict inclusion criteria, the 
results obtained by Canullo et al are likely to have limited ap-
plication to the wider population.

 The platform switched protocol was primarily introduced 
to maintain marginal bone levels which is an important fac-
tor for maintaining soft tissue aesthetics around anterior im-
plants. Collectively, across all of the studies reviewed, only 
192 out of 2,042 implants were placed in the anterior maxilla 
utilizing the platform switched concept. This limited number 
raises questions concerning the statistical power of the data 
to draw definitive conclusions regarding influence of platform 
switched protocol in preserving peri-implant crestal bone.

The data indicated the difference in bone loss ranged be-
tween 0.2-0.7 mm which might not be of clinical significance 
and may represent a lack of consistency in accuracy of meas-
urements of bone levels. It is well known that radiographic 
measurements of marginal bone levels are associated with 
inherent inaccuracies which makes the accuracy of the meas-
urement differences questionable.64 Another important fac-
tor which may potentially attenuate the validity of such small 
differences in bone measurements is the ambiguity of the 
radiographic techniques used. There was no standardisation 
of the measuring techniques, as orthopantomograms or peri-
apical radiography with and without a film holder were used. 
Some studies reported using custom film holders but did not 
mention the method of fabrication.26-28,35,39,41-43 Additionally, it 
was demonstrated that the accuracy of periapical radiographs 
suffers greatly when using conventional paralleling devices, 
which consequently reduces accuracy of image interpretation 
during crestal bone level assessments.65 

There is no evidence that platform switching plays an impor-
tant role in soft tissue height preservation. Three articles re-
ported favourable results including two studies presented by 
the same group.27,36 They had a limited sample size36 and one 
study used different implant/abutment connections between 
groups.27 In contrast Hsu et al (2017) reported a protective 
effect of platform switched abutments on peri-implant soft 
tissues which indirectly maintained the peri-implant crestal 
bone levels.66 However, the authors stated that this conclu-
sion should be interpreted with caution due to the random re-
porting on the soft tissue outcomes and the high experimen-
tal heterogeneity of their included studies. Furthermore, the 
marginal bone preservation tended to be pronounced at sites 
with thicker tissue biotypes.66 Hence, the initial peri-implant 
tissue thickness rather than the abutment design, might play 
an important role in preserving hard and soft tissues.67

Experimental modifications of abutments was attempted to 
create a thicker connective tissue attachment with improved 
resistance to epithelial migration.68,69 For example, some abut-
ments were designed to incorporate microchannels on the 
abutment surface. It was reported that this topography inten-
sified fibroblastic activity, produced dense connective tissue 
fibres, prevented soft tissue recession and hence crestal bone 
loss.14,24,70,71 None of these studies were included in the review 

as many were histological analyses68,72 or the study design did 
not meet the inclusion criteria.73,74

Abutment geometry design was also considered in this review 
and only two studies45,46 were included and reported on the con-
cave abutment design. There is no evidence to suggest a supe-
rior outcome of this design for hard tissues, soft tissues and aes-
thetics. In addition, concave abutments do not appear to provide 
any advantage over customised abutments. The customisation 
can enhance abutment aesthetics by creating multiple degrees 
of curvatures to support specific transgingival morphology46.

The repeated dis/reconnection of abutments was found to 
influence the peri-implant hard tissue response.21,47-52 The dif-
ference in bone loss ranged between 0.2 and 0.4 mm, thus 
casting doubt on the clinical relevance of the difference be-
tween the two protocols.51 Despite being statistically signifi-
cant, such small differences could be entirely attributed to 
examiner variability rather than a true finding between the 
different treatment modalities. It was shown that measure-
ment discrepancies can reach up to 0.4-0.5 mm between dif-
ferent observers.75 The method of standardisation of serial 
radiographs is another important factor. Poor standardisa-
tion techniques may be misleading causing over or under-
estimation of the treatment outcome. Inaccurate angulation 
can cause superimposition of bone leading to significant 
variations in crestal bone levels and densities.65 There is high 
possibility that the results of these studies were also biased 
due to limitations in study design especially in the numbers of 
recruited participants which reduced the statistical power of 
most of the selected studies. In regards to soft tissue preser-
vation, the evidence is insufficient as only one study reported 
preservation of 0.3 mm of buccal mucosa in the definitive 
abutment group and this difference would probably be within 
the measurement error and not clinically detectable.21

A limitation to this study was restricting the search to articles 
published since year 2007. This was done to assess the quality 
of evidence for new abutment designs and techniques which 
were only introduced in the market in the last twelve years. 
Conventional products that have been available for more than 
twelve years have long track records and are already support-
ed by evidence. 

CONCLUSION:
Within the limitations of this systematic literature review, 

the following conclusions can be made:

1.	 Platform switched abutments may reduce crestal bone 
loss during the first year. This effect tends to disappear 
with time. 

2.	 There is insufficient evidence to suggest better clinical 
outcomes of concave abutment. 

3.	 There is insufficient evidence to indicate the superior-
ity of ‘one-abutment one-time protocol’ especially when 
the drawbacks of this technique are considered. 

P205



ejprd.org - Published by Dennis Barber Journals.		  Copyright ©2021 by Dennis  Barber Ltd. All rights reserved. 

European Journal of Prosthodontics and Restorative Dentistry (2021) 29,  194-207

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • Influence of Abutments on Peri-Implant Tissue Stability...

REFERENCES 
1.	 Adell, R., Eriksson ,B., Lekholm, U., Brånemark, P-I. and Jemt, T. Long-

term follow-up study of osseointegrated implants in the treatment of to-
tally edentulous jaws. Int. J. Oral Maxillofac. Implants, 1990; 5:347-359.

2.	 Zarb, G. and Schmitt, A. The longitudinal clinical effectiveness of osse-
ointegrated dental implants: The Toronto study. Part I: Surgical results. 
J. Prosthet Dent., 1990; 6:451-457.

3.	 Zarb, G. and Schmitt, A. The longitudinal clinical effectiveness of osse-
ointegrated dental implants: the Toronto Study. Part II: The prosthetic 
results. J. Prosthet. Dent., 1990; 64:53-61.

4.	 Strietzel, F.P., Reichart, P.A., Kale, A., Kulkarni, M., Wegner, B. and Küchler, I. 
Smoking interferes with the prognosis of dental implant treatment: a sys-
tematic review and meta-analysis. J. Clin. Periodontol., 2007; 34:523-544.

5.	 Klokkevold, P.R. and Han, T.J. How do smoking, diabetes, and periodon-
titis affect outcomes of implant treatment? Int. J. Oral Maxillofac. Im-
plants, 2007; 22:173-205.

6.	 Karoussis, I.K., Kotsovilis, S. and Fourmousis, I. A comprehensive and 
critical review of dental implant prognosis in periodontally compro-
mised partially edentulous patients. Clin. Oral Implants Res., 2007; 
18:669-679.

7.	 Dalago, H.R., Schuldt, F. G., Rodrigues, M.A.P., Renvert, S. and Bianchini, 
M.A. Risk indicators for Peri-implantitis. A cross-sectional study with 
916 implants. Clin. Oral Implants Res., 2017; 28:144-150.

8.	 Dreyer, H., Grischke, J., Tiede, C., Eberhard, J., Schweitzer, A. and Toik-
kanen, S., et al. Epidemiology and risk factors of peri-implantitis: A sys-
tematic review. J Periodontal Res., 2018; 53:657-681.

9.	 Hermann, J.S., Cochran, D.L., Buser, D., Schenk, R.K. and Schoolfield, 
J.D. Biologic Width around one-and two-piece titanium implants. Clin. 
Oral Implants Res., 2001; 12:559-571.

10.	Wagenberg, B. and Froum, S.J. Prospective study of 94 platform-
switched implants observed from 1992 to 2006. Int. J. Periodontics 
Restorative Dent., 2010; 30:9-17.

11.	Luongo, R., Traini, T., Guidone, P.C., Bianco, G., Cocchetto, R. and Cel-
letti, R. Hard and soft tissue responses to the platform-switching tech-
nique. Int J Periodontics Restorative Dent., 2008; 28:551-557.

12.	Vigolo, P., Givani, A., Majzoub, Z. and Cordioli, G. A 4-Year Prospective 
Study to Assess Peri-Implant Hard and Soft Tissues Adjacent to Titani-
um Versus Gold-Alloy Abutments in Cemented Single Implant Crowns. 
J. Prosthodont., 2006; 15:250-256.

13.	Lops, D., Bressan, E., Chiapasco, M., Rossi, A. and Romeo E. Zirconia 
and titanium implant abutments for single-tooth implant prostheses 
after 5 years of function in posterior regions. Int. J. Oral Maxillofac. 
implants, 2013; 28:281-287.

14.	Chien, H-H., Schroering, R.L., Prasad, H.S. and Tatakis, D.N. Effects of 
a new implant abutment design on peri-implant soft tissues. J. Oral 
Implantol., 2014; 40:581-588.

15.	Nevins, M., Camelo, M., Nevins, M.L., Schupbach, P. and Kim D.M. Re-
attachment of connective tissue fibers to a laser-microgrooved abut-
ment surface. Int. J Periodontics Restorative Dent., 2012; 32:e131-134.

16.	Rompen, E., Raepsaet, N., Domken, O., Touati, B. and Van Dooren, E. 
Soft tissue stability at the facial aspect of gingivally converging abut-
ments in the esthetic zone: a pilot clinical study. J Prosthet. Dent., 2007; 
97:S119-125.

17.	 Jemt, T. and Book, K. Prosthesis misfit and marginal bone loss in edentu-
lous implant patients. Int. J Oral Maxillofac. Implants, 1996; 11:620-625.

18.	Hermann, J.S., Cochran, D.L., Nummikoski, P.V. and Buser D. Crestal 
bone changes around titanium implants. A radiographic evaluation of 
unloaded nonsubmerged and submerged implants in the canine man-
dible. J Periodontol., 1997; 68:1117-1130.

19.	Abrahamsson, I., Berglundh, T. and Lindhe J. The mucosal barrier follow-
ing abutment dis/reconnection. J. Clin. Periodontol., 1997; 24:568-572.

20.	Canullo, L., Bignozzi, I., Cocchetto, R., Cristalli, M.P. and Iannello, G. Im-
mediate positioning of a definitive abutment versus repeated abutment 
replacements in post-extractive implants: 3-year follow-up of a ran-
domised multicentre clinical trial. Eur J Oral Implantol., 2010; 3:285-296.

21.	Degidi, M., Nardi, D., Daprile, G. and Piattelli A. Nonremoval of imme-
diate abutments in cases involving subcrestally placed postextractive 
tapered single implants: a randomized controlled clinical study. Clin. 
Implant Dent and Relat Res., 2014; 16:794-805.

22.	Albrektsson, T. and Wennerberg, A. Oral implant surfaces: Part 1-review 
focusing on topographic and chemical properties of different surfaces 
and in vivo responses to them. Int. J. Prosthodont., 2004; 17:536-543.

23.	Schwarz, F., Alcoforado, G., Nelson, K., Schaer, A., Taylor, T., Beuer, F., 
et al. Impact of implant–abutment connection, positioning of the ma-
chined collar/microgap, and platform switching on crestal bone level 
changes. Camlog Foundation Consensus Report. Clin. Oral Implants 
Res., 2014; 25:1301-1303.

24.	Nevins, M., Nevins, M., Gobbato, L., Lee. H-J., Wang, C-W. and Kim D.M. 
Maintaining interimplant crestal bone height via a combined platform-
switched, Laser-Lok implant/abutment system: a proof-of-principle 
canine study. Int J Periodontics Restorative Dent., 2013; 33:260-267.

25.	Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., 
et al. Preferred reporting items for systematic review and meta-analysis 
protocols (PRISMA-P) 2015 statement. Systematic Reviews. 2015 ;4:1-9.

26.	Vigolo, P. and Givani, A. Platform-switched restorations on wide-diam-
eter implants: a 5-year clinical prospective study. Int. J. Oral Maxillofac. 
Implants, 2009; 24:103-109.

27.	Canullo, L., Rosa, J.C., Pinto, V.S., Francischone, C.E. and Gotz W. Inward-
inclined implant platform for the amplified platform-switching concept: 
18-month follow-up report of a prospective randomized matched-pair 
controlled trial. Int. J. Oral Maxillofac. Implants, 2012; 27:927-934.

28.	Canullo, L., Fedele, G.R., Iannello, G. and Jepsen, S. Platform switch-
ing and marginal bone-level alterations: the results of a randomized-
controlled trial. Clin. Oral Implants Res., 2010; 21:115-121.

29.	Veis, A., Parissis, N., Tsirlis, A., Papadeli, C., Marinis, G. and Zogakis, 
A. Evaluation of peri-implant marginal bone loss using modified abut-
ment connections at various crestal level placements. Int. J. Periodon-
tics Restorative Dent., 2010; 30:609-617.

30.	Fickl, S., Zuhr, O., Stein, J.M. and Hurzeler, M.B. Peri-implant bone level 
around implants with platform-switched abutments. Int. J. Oral Maxil-
lofac. Implants, 2010; 25:577-581.

31.	Enkling, N., Johren, P., Katsoulis, J., Bayer, S., Jervoe-Storm, P.M., Mericske-
Stern, R., et al. Influence of platform switching on bone-level alterations: 
a three-year randomized clinical trial. J. Dent. Res., 2013; 92:S139-145.

32.	Pozzi, A., Tallarico, M. and Moy, P.K. Three-year post-loading results of 
a randomised, controlled, split-mouth trial comparing implants with 
different prosthetic interfaces and design in partially posterior edentu-
lous mandibles. Eur. J. Oral Implantol., 2014; 7:47-61.

33.	Telleman, G., Raghoebar, G.M., Vissink, A. and Meijer, H.J. Impact of 
platform switching on inter-proximal bone levels around 8.5 mm im-
plants in the posterior region; 5-year results from a randomized clini-
cal trial. J. Clin. Periodontol., 2017; 44:326-336.

34.	Prosper, L., Redaelli, S., Pasi, M., Zarone, F., Radaelli, G. and Gherlone, 
E.F. A randomized prospective multicenter trial evaluating the plat-
form-switching technique for the prevention of postrestorative crestal 
bone loss. Int. J. Oral Maxillofac. Implants, 2009; 24:299-308.

35.	Pieri, F., Aldini, N.N., Marchetti, C. and Corinaldesi, G. Influence of implant-
abutment interface design on bone and soft tissue levels around immedi-
ately placed and restored single-tooth implants: a randomized controlled 
clinical trial. Int. J. Oral Maxillofac. Implants, 2011; 26:169-178.

36.	Canullo, L., Caneva, M. and Tallarico, M. Ten-year hard and soft tissue 
results of a pilot double-blinded randomized controlled trial on im-
mediately loaded post-extractive implants using platform-switching 
concept. Clin. Oral Implants Res., 2016;28:1195-1203.

37.	Meloni, S.M., Jovanovic, S.A., Lolli, F.M., Pisano, M., De Riu, G., De Riu, 
N., et al. Platform switching vs regular platform implants: nine-month 
post-loading results from a randomised controlled trial. Eur. J. Oral Im-
plantol., 2014; 7:257-265.

38.	Cooper, L.F., Reside, G., Stanford, C., Barwacz, C., Feine, J., Abi Nader, S., 
et al. A multicenter randomized comparative trial of implants with dif-
ferent abutment interfaces to replace anterior maxillary single teeth. 
Int. J. Oral Maxillofac. Implants, 2015; 30:622-632.

P206



ejprd.org - Published by Dennis Barber Journals.		  Copyright ©2021 by Dennis  Barber Ltd. All rights reserved. 

European Journal of Prosthodontics and Restorative Dentistry (2021)  29,  194-207

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •EJPRD

39.	Crespi, R., Cappare, P. and Gherlone, E. Radiographic evaluation of 
marginal bone levels around platform-switched and non-platform-
switched implants used in an immediate loading protocol. Int. J. Oral 
Maxillofac. Implants, 2009; 24:920-926.

40.	Saito, H., Chu, S.J., Zamzok, J., Brown, M., Smith, R., Sarnachiaro, G., et 
al. Flapless Postextraction Socket Implant Placement: The Effects of a 
Platform Switch-Designed Implant on Peri-implant Soft Tissue Thick-
ness- A Prospective Study. Int. J. Periodontics Restorative Dent., 2018; 
Supplement:9-15.

41.	Cappiello, M., Luongo, R., Di Iorio, D., Bugea, C., Cocchetto, R. and Cel-
letti R. Evaluation of peri-implant bone loss around platform-switched 
implants. Int. J. Periodontics Restorative Dent., 2008; 28:347-355.

42.	Trammell, K., Geurs, N.C., O’Neal, S.J., Liu, P.R., Haigh, S.J., McNeal, S., 
et al. A prospective, randomized, controlled comparison of platform-
switched and matched-abutment implants in short-span partial den-
ture situations. Int. J. Periodontics Restorative Dent., 2009; 29:599-605.

43.	Guerra, F., Wagner, W., Wiltfang, J., Rocha, S., Moergel, M., Behrens, E., 
et al. Platform switch versus platform match in the posterior mandible 
- 1-year results of a multicentre randomized clinical trial. J. Clin. Peri-
odontol., 2014; 41:521-529.

44.	Telleman, G., Raghoebar, G.M., Vissink, A. and Meijer, H.J. Impact of 
platform switching on peri-implant bone remodeling around short im-
plants in the posterior region, 1-year results from a split-mouth clinical 
trial. Clin. Implant Dent. Relat. Res., 2014; 16:70-80.

45.	Weinlander, M., Lekovic, V., Spadijer-Gostovic, S., Milicic, B., Wegsc-
heider, W.A. and Piehslinger, E. Soft tissue development around abut-
ments with a circular macro-groove in healed sites of partially edentu-
lous posterior maxillae and mandibles: a clinical pilot study. Clin. Oral 
Implants Res., 2011; 22:743-752.

46.	Patil, R.C., den Hartog, L., van Heereveld, C., Jagdale, A., Dilbaghi, A. and 
Cune, M.S. Comparison of two different abutment designs on marginal 
bone loss and soft tissue development. Int. J. Oral Maxillofac. Implants, 
2014; 29:675-681.

47.	Canullo, L., Bignozzi, I., Cocchetto, R., Cristalli, M.P. and Iannello, G. Im-
mediate positioning of a definitive abutment versus repeated abutment 
replacements in post-extractive implants: 3-year follow-up of a ran-
domised multicentre clinical trial. Eur. J. Oral Implantol. 2010; 3:285-296.

48.	Degidi, M., Nardi, D. and Piattelli, A. One abutment at one time: Non-re-
moval of an immediate abutment and its effect on bone healing around 
subcrestal tapered implants. Clin. Oral Implants Res., 2011; 22:1303-1307.

49.	Grandi, T., Guazzi, P., Samarani, R. and Garuti, G. Immediate position-
ing of definitive abutments versus repeated abutment replacements 
in immediately loaded implants: effects on bone healing at the 1-year 
follow-up of a multicentre randomised controlled trial. Eur. J. Oral Im-
plantol., 2012; 5:9-16.

50.	Grandi, T., Guazzi, P., Samarani, R., Maghaireh, H. and Grandi, G. One 
abutment-one time versus a provisional abutment in immediately load-
ed post-extractive single implants: a 1-year follow-up of a multicentre 
randomised controlled trial. Eur. J. Oral Implantol., 2014; 7:141-149.

51.	Bressan, E., Grusovin, M.G., D’Avenia, F., Neumann, K., Sbricoli, L., 
Luongo, G., et al. The influence of repeated abutment changes on peri-
implant tissue stability: 3-year post-loading results from a multicentre 
randomised controlled trial. Eur. J. Oral Implantol., 2017; 10:373-390.

52.	Çömlekoğlu, M.E., Nizam, N. and Çömlekoğlu, M.D. Immediate defini-
tive individualized abutments reduce peri-implant bone loss: a rand-
omized controlled split-mouth study on 16 patients. Clin. Oral Inves-
tig., 2018; 22:475-486.

53.	Cooper, L.F., Reside, G., Stanford, C., Barwacz, C., Feine, J. and Nader, 
S.A,. et al. Three-Year Prospective Randomized Comparative Assess-
ment of Anterior Maxillary Single Implants with Different Abutment 
Interfaces. Int. J. Oral Maxillofac. Implants, 2019; 34:150-158.

54.	Canullo, L., Iannello, G., Penarocha, M. and Garcia B. Impact of implant 
diameter on bone level changes around platform switched implants: pre-
liminary results of 18 months follow-up a prospective randomized match-
paired controlled trial. Clin. Oral Implants Res., 2012; 23:1142-1146.

55.	 Junior, J.S., de Souza Batista, V., Verri, F., Honório, H., De Mello, C. and Pel-
lizzer, E. Platform-switching implants and bone preservation: a systematic 
review and meta-analysis. Int. J. Oral Maxillofac. Surg., 2016; 45:332-345.

56.	Atieh, M.A., Ibrahim, H.M. and Atieh, A.H. Platform switching for mar-
ginal bone preservation around dental implants: A systematic review 
and meta-analysis. J. Periodontol., 2010; 81:1350-1366.

57.	Concato, J., Shah, N. and Horwitz, R.I. Randomized, controlled trials, 
observational studies, and the hierarchy of research designs. N. Engl. J. 
Med., 2000; 342:1887-1892.

58.	Evans, D. Hierarchy of evidence: a framework for ranking evidence 
evaluating healthcare interventions. J. Clin. Nurs., 2003; 12:77-84.

59.	Lazzara, R.J. Ps. Platform switching: a new concept in implant dentistry 
for controlling postrestorative crestal bone levels. Int. J. Periodontics 
Restorative Dent., 2006; 26:9-17.

60.	Maeda, Y., Miura, J., Taki, I. and Sogo, M. Biomechanical analysis on 
platform switching: is there any biomechanical rationale? Clin. Oral 
Implants Res., 2007; 18:581-584.

61.	Caricasulo, R., Malchiodi, L., Ghensi, P., Fantozzi, G. and Cucchi, A. The 
influence of implant-abutment connection to peri-implant bone loss: 
A systematic review and meta-analysis. Clin. Implant Dent. Relat. Res., 
2018; 20:653-664.

62.	Cochran, D.L., Bosshardt, D.D., Grize, L., Higginbottom, F.L., Jones, 
A.A. and Jung, R.E., et al. Bone response to loaded implants with non-
matching implant-abutment diameters in the canine mandible. J. Peri-
odontol., 2009; 80:609-617.

63.	Hermann, J.S., Buser, D., Schenk, R.K. and Cochran, D.L. Crestal bone 
changes around titanium implants. A histometric evaluation of un-
loaded non-submerged and submerged implants in the canine mandi-
ble. J. Periodontol., 2000; 71:1412-1424.

64.	Sewerin, I.P. Errors in radiographic assessment of marginal bone height 
around osseointegrated implants. Eur. J. Oral Sci., 1990; 98:428-433.

65.	Malloy, K.A., Wadhwani, C., McAllister, B., Wang, M. and Katancik, J.A. 
Accuracy and Reproducibility of Radiographic Images for Assessing Cr-
estal Bone Height of Implants Using the Precision Implant X-ray Loca-
tor (PIXRL) Device. Int. J. Oral Maxillofac. Implants, 2017; 32:830-836.

66.	Hsu, Y.T., Lin, G.H. and Wang, H.L. Effects of Platform-Switching on 
Peri-implant Soft and Hard Tissue Outcomes: A Systematic Review and 
Meta-analysis. Int. J. Oral Maxillofac. Implants, 2017; 32:pe9-pe24.

67.	Linkevicius, T., Puisys, A., Steigmann, M., Vindasiute, E. and Linke-
viciene, L. Influence of vertical soft tissue thickness on crestal bone 
changes around implants with platform switching: a comparative clini-
cal study. Clin. Implant Dent. Relat. Res., 2015; 17:1228-1236.

68.	Nevins, M., Kim, D.M., Jun, S-H., Guze, K., Schupbach, P. and Nevins, 
M.L. Histologic evidence of a connective tissue attachment to laser mi-
crogrooved abutments: a canine study. Int. J. Periodontics Restorative 
Dent., 2010; 30:244-255.

69.	Nevins M., Camelo M., Nevins M.L., Schupbach P. and Kim D.M. Re-
attachment of connective tissue fibers to a laser-microgrooved abut-
ment surface. Int. J. Periodontics Restorative Dent., 2012; 32:e131-134.

70.	Nevins, M., Camelo, M., Nevins, M.L., Schupbach, P. and Kim, D.M. 
Connective tissue attachment to laser-microgrooved abutments: a hu-
man histologic case report. Int. J. Periodontics Restorative Dent., 2012; 
32:384-392.

71.	Geurs, N.C., Vassilopoulos, P.J. and Reddy M.S. Histologic evidence of 
connective tissue integration on laser microgrooved abutments in hu-
mans. Clin. Adv. Periodontics, 2011; 1:29-33.

72.	Degidi, M., Piattelli, A., Scarano, A., Shibli, J.A. and Iezzi, G. Peri-implant 
collagen fibers around human cone Morse connection implants under 
polarized light: a report of three cases. Int. J. Periodontics Restorative 
Dent., 2012; 32:323-328.

73.	Botos, S., Yousef, H., Zweig, B., Flinton, R. and Weiner, S. The effects 
of laser microtexturing of the dental implant collar on crestal bone 
levels and peri-implant health. Int. J. Oral Maxillofac. Implants, 2011; 
26:492-498.

74.	Pecora, G.E., Ceccarelli, R., Bonelli, M., Alexander, H. and Ricci, J.L. Clini-
cal evaluation of laser microtexturing for soft tissue and bone attach-
ment to dental implants. Implant Dent., 2009; 18:57-66.

75.	Ahlqvist, J. BK., Gunne, J., Nilson, H., Olsson, M. and Astrand P. Osseoin-
tegrated lmplants ln Edentulous Jaws: A 2-Year Longitudinal Study. Int. 
J. Oral Maxillofac. Implants, 1990; 5:155-163.

P207


