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Abstract

Since osseointegration is nowadays a given fact in implantology, research is focusing in issues related to tissue response and
long-term maintenance in order to reduce biological complications. This rationale has given birth to the “Platform Switching” (PS)
concept, described as the restoration of an implant by utilizing prosthetic abutments of smaller diameter than the implant prosthetic
platform. This technique, originally described as promising, has been reported to initiate a more favorable peri-implant tissue res-
ponse. The purpose of the present review is to investigate PS, by analysing advantages and disadvantages, underlining indications
and contraindications and mentioning aspects in need of further research. The MEDLINE database of references and abstracts on life

» o«

sciences and biomedical topics was selected as a search engine, where using “implants and platform switching”, “effect of platform
switching”, “influence of platform switching in peri-implant bone” as key words, articles related to the topic were investigated and
studied. Conclusively, PS has been found to offer a series of advantages regarding clinical and biological parameters, such as tissue
adaptation, soft tissue and bone response and aesthetics. From a biomechanical standpoint, less strain transfer to the peri-implant
bone was reported. However, potentially higher loading of the prosthetic components should be taken into consideration by the den-

tal clinician. Further studies are needed in order to clarify certain PS aspects that remain ambiguous.
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Introduction
In order to restore missing teeth, implant therapy is nowadays the treatment of choice. Its success rates exceed 90% [1,2]. While os-
seointegration is more or less a given fact, researchers are focusing on implant therapy features which would lead to optimal results in a

biological, functional and aesthetic level.

A vulnerable aspect of the clinical performance of implants is the premature marginal bone loss (MBL), which may be regarded as
normal when it ranges within the limits of 0,9 - 2 mm for the first year and 0,05 - 0,13 mm for each year during implant function [3]. The
main factors associated with MBL are [3,4]: surgical trauma [5], biologic width formation [6], periodontal biotype, microgap between
implant and abutment [7,8], micromovement [6,9], microbial colonisation [10], periimplantitis [11], occlusal overload [12], relation be-

tween implant platform and bone margin [13], distance between adjacent implants [14], continuous area disturbance [15].
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In 1991, implants with a diameter of 5 - 6 mm were designed for patients with poor bone quality. However, no abutments with a
matching diameter were available at the time. This led clinicians to use abutments narrower by 0,9 - 1,9 mm compared to the prosthetic
platform. What is interesting is that 1 -5 years after implant placement, a lower MBL was observed, compared to implants restored with
abutments of a matching diameter (PM) [16]. What was firstly assumed as a finding based on luck, would later comprise a promising

restorative technique.

Since then, researchers have tried to explain the promising results of the “Platform Switching” (PS) concept with the following theories
[4]:
e Biologic width theory
e  Microgap theory

e Biomechanical theory

“Platform switching” model analysis
Biologic width theory

According to the literature, a formation corresponding to the biologic width existing around natural teeth also exists around implants.
It consists of both epithelial attachment and connective tissue and is formed within the first year of implant function, following bone re-

sorption and is supposed to provide an effective barrier against the microbial flora of the oral cavity [17].

However, histological differences exist in the biologic width around teeth and around implants. Regarding implants, the epithelium is
connected to titanium with hemidesmosomes, while collagen fibers run in a direction parallel rather than perpendicular to the implant
axis. There is no mechanical or chemical attachment to the titanium surface, except for a proteoglykane zone with a width of 20 um. The
connective tissue is similar to scar tissue, having less blood supply, which means poorer immune response. It also has a higher collagen

fiber percentage, compared to the biologic width around teeth, which in turn has five times higher fibroblast percentage [18].

In implants with abutments of a matching diameter the biologic width is formed above the first implant thread, below the implant-
abutment junction [13,19]. By moving the implant-abutment connection area away from the bone margin as happens in PS, the biologic

width may form both vertically and horizontally. Thus, an extra horizontal dimension for the soft tissue to be attached is created [20,21].

Connective tissue creates a protective barrier and when stabilized, it does not allow further apical epithelial migration [22], determin-

ing bone absorption and offering protection against microbial and mechanical stimuli [23,24].

Overall, “platform switching”:

e  Provides more space for the development of soft tissues [25],
e  Prevents apical epithelial migration [26],

e  Places the biologic width more coronally of the implant-abutment junction, preserving connective tissue fibers above the im-

plant platform level [16],

e Leads to thicker and more durable connective tissue [27].

Therefore, less bone has to be absorbed to reveal implant surface and establish soft tissue attachment [28]. This allows for satisfactory

level of first bone to implant contact (fBIC).

Nonetheless, the basic principle of an adequate mucosa thickness is still applied, as a thickness of minimum 2 mm must be present for
the PS to demonstrate its protective effect [8,29].
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Microgap theory

In implant systems where the implant and the prosthetic abutment are not a single, united component (the so-called 2-piece implants),
it has been found that a microgap is inevitably formed in the above junction. This is colonized by periodontopathogenic bacteria of the oral

cavity flora [30] within 25 days after implant exposure and abutment placement [35], regardless of the connection type [23].

Tissues in contact with this “infected” area react by presenting a chronic inflammation infiltration [32], which is histologically posi-
tioned in the upper part of the connective tissue, right below the epithelium [4]. The use of matching abutments means that this area is in

immediate contact with the bone margin, leading to gradual bone resorption.

The advantage of PS has to do with the placement of the inflammated area closer to the implant axis and further away from the critical

area of the peri-implant bone margin, protecting it from the inflammation process [16,20].

Another fact, concerning ionic release must be mentioned at this point. It has been known that in the oral cavity, titanium [33], is
subjected to corrosion. The byproducts of this procedure have been indicated in histological samples of peri-implant tissues, where Ti-
containing foreign bodies surrounded by inflammatory areas were found [34].In another relevant study [35], PS was found to statistically

reduce ionic leakage regarding the elements Al, Co, Cr, Mo, V.

This phenomenon may be explained by:

e  The smaller contact area between implant and abutment at the PS model, which may affect the amount of galvanic corrosion.

e  The greater distance between the implant-abutment junction and the surrounding tissues, which may not allow for the immedi-

ate diffusion of corrosion byproducts.

Biomechanical theory

The PS technique was also studied from the biomechanical point of view, using in vitro, photoelastic and 3D finite element analysis
[36,37]. According to these studies, reducing abutment diameter leads to force distribution closer to the implant axis, which may in turn

lead to stress reduction in the cortical bone and the critical area of the implant neck.

Shear stress, which is the least tolerated type of stress for the implant-bone complex is also reduced [38]. It has been stated that PS
may play a more significant role in bone preservation than abutment connection type [39]. However, a slight increase in stress regarding

the cancellous bone which surrounds the apical area of the implant has been reported [40].

On the other hand, what seems as an advantage for the peri-implant bone, is a disadvantage regarding the implant-prosthetic compo-
nents complex, since the abutment and the retention screw are subjected to higher stress [36,41]. Although microscopic images do not
show structural distortion of the retention screws at systems with or without PS, researchers ring a bell regarding technical complica-
tions, such as screw fractures [36,37]. According to the literature, PS in overdenture cases is not indicated, especially when the type of
support is mixed (both implants and mucosa) [42]. Overall the combination of PS and cemented restorations seems to exhibit the highest
durability [43].

What may be accepted as a paradox regarding the unscrewing torque, is that the smaller contact area between the implant and the
abutment in the PS model, as well as the higher stress concentrated on this complex, result in higher unscrewing torque value compared

to PM systems, which is up to 94% of the initial screw torque [44].

Marginal bone loss (MBL)

A number of systematic reviews compared peri-implant marginal bone loss between PM and PS techniques [25,45-51]. These studies

are summarized in table 1.
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Systematic Review Number of papers PM MBL PS MBL Difference
Atieh., et al. 2010 [25] 10 0,19-1,67 mm | 0,055 - 0,99 mm 0,37 mm
Annibali,, et al. 2012 [45] 10 0-0,51 mm 0-0,99 mm 0,55 mm (Patient level)
0,44 mm (Implant level)
Strietzel,, et al. 2013 [46] 20 1,01 mm 0,49 mm 0,49 mm
Kinaia,, et al. 2014 [47] (1IP) 16 0,19-1,67 mm | 0,055-0,19 mm 0,77 mm
Herekar, et al. 2014 [48] 15 0,19-1,67 mm | 0,055 - 0,99 mm 0,34 mm
Chrcanovic,, et al. 2015 [49] 28 - - 0,29 mm
Al Qutaib., et al. 2015 [50] 22 1,01 mm 0,49 mm 0,49 mm
Santiago., et al. 2016 [51] 25 0,19-2,23 mm | 0,04-0,99 mm 0,41 mm

Table 1: Comparison of marginal bone loss between implants restored with the conventional platform matching technique (PM) and those
restored with the “Platform Switching” technique (PS).

MBL: Marginal Bone Loss; 1IP: Immediate Implant Placement.
According to the research, MBL was lower when PS was used.

PS (0,387 mm) also seems to be advantageous in cases where the implant was placed immediately (IIP), presenting lower resorption
values, compared to PM (1,153 mm) with statistically significant difference [47].

Furthermore, as the diameter mismatch between the implant platform and the prosthetic abutment increases, the beneficial effect
regarding bone preservation is more pronounced [25,47,51]. According to Canullo., et al. [52] when the diameter mismatch was 0,25 mm,
bone resorption was 0,99 mm, with a difference of 0,50 mm, bone resorption was 0,83 mm. When the mismatch reached 0,85 mm, resorp-

tion was 0,64 mm. However, it is still not clear which is the best mismatch value.

Last but not least, as the observation period increased, the difference in bone resorption between the two models also increased, indi-
cating a stability through time for the described model [49].

Aesthetic and technique advantages of platform switching

The favorable results of PS regarding the preservation of peri-implant bone, brings along a number of benefits for the soft tissues. Its

use in aesthetically demanding areas is advantageous, since the preservation of bone leads to preservation of soft tissue level [53].

With the evolution of biomaterials, excellent results in the field of “white aesthetics” have been achieved. This leads to the need of a
proportionate improvement in the field of “pink aesthetics”, that is the appearance of the soft tissues surrounding restorations. Evaluation
criteria of implant restorations include the level and contour of the surrounding tissues, as well as the position of the mesial and distal
papilla [54].In a list of nine criteria regarding the performance of implant restorations, Meijer., et al. [55] included four criteria dealing

with soft tissue.

The implant biologic width is established in a subcrestal position, involving a vertical and a horizontal dimension, with values of 1,5 - 2
mm [50]and 1 - 1,5 mm [56,57] respectively. This means that two adjacent implants should be placed with a distance of at least 3 mm be-
tween them, so that the bone peak between them may not be resorbed leading to the consequent sedimentation of the papilla [58]. Howev-
er, it has been reported that when PS was used, the inter-implant distance was not as critical for the final outcome, even when it was as low

as 2 mm [58]. Consequently, some researchers have proposed that the rule of 3 mm can be slightly disregarded when PS is used [14,59].

Overall, it is suggested that in order to preserve the papilla, PS could be considered in cases where there is limited mesio-distal dimen-

sion for implant placement [60].
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Discussion
According to the literature PS has a positive effect on MBL around implants, compared to PM [25,45-51]. This is attributed to the pres-

ence of an extra horizontal dimension where soft tissue can attach, to the ability to ward off the inflammatory infiltration from the critical

implant neck area and to the beneficial stress spreading through the peri-implant bone [4].

PS has been proposed in cases where short implants are used, where further bone resorption would jeopardise implant survival. It is
also indicated where the mesio-distal distance is restricted, as the 3 mm rule can be slightly disregarded without endangering the appear-
ance of the papilla [60].In order for the PS to deliver its beneficial effect regarding bone resorption, a 2 mm mucosa thickness is mandatory
[8,29].

However, the fact that the implant-connective screw-abutment complex absorbs higher stress, has led researchers to be cautious re-

garding technical failures [36,41]. As a result, its use in overdentures with mixed support is not recommended [42].

Finally, even though it has been reported that the greater the mismatch between implant platform and prosthetic abutment diameter,
the less the bone resorption that occurs, it is still unclear which is the best amount of this difference, in order for the clinician to benefit

from PS without increasing the risk of technical failures.

Conclusions

1. According to the literature, PS leads to less marginal bone resorption, by offering an extra horizontal dimension for the soft tissue
to be attached, by warding off the inflammatory infiltration from the critical implant neck area and by creating a more favorable

stress distribution closer to the implant axis.
2. Research has indicated reduced marginal bone loss for PS compared to PM models.
3. PSisindicated when the distance between adjacent implants is limited.

4. The higher amount of stress placed on the prosthetic components may potentially lead to a higher percentage of technical com-

plications.

5. The optimal difference between implant platform and prosthetic abutment diameter needs to be further clarified by future

research.
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