
The International Journal of Periodontics & Restorative Dentistry

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 35, Number 3, 2015

363

Georgios E. Romanos, DDS, PhD, Prof Dr Med Dent1

Tissue Preservation Strategies for  
Fostering Long-Term Soft and  
Hard Tissue Stability 

As placement of functionally stable dental implants has become routine, 
concerns have shifted to maintenance of crestal bone and soft tissue stability. 
This article proposes the development of a tissue preservation philosophy 
to avoid crestal bone loss and gingival recession and thus foster long-term 
esthetics around implants. Pillars of this philosophy must include avoidance or 
minimization of an implant-abutment microgap and micromovement, use of 
platform switching, appropriate implant positioning relative to the bone crest, 
and preservation of the papillae when placing both single and multiple implants. 
(Int J Periodontics Restorative Dent 2015;35:363–371. doi: 10.11607/prd.2075)

At the inception of dental implan-
tology, the primary goal was me-
chanical anchorage of the implants 
in the surrounding bone. Highly 
stable implant designs (eg, blade 
implants and Straumann hollow 
cylinders with retention holes) were 
used until the principle of osseoin-
tegration around titanium implants 
was documented scientifically and 
clinically. Today, screw-shaped, 
small-diameter cylindric implants 
with modified titanium surfaces 
that allow for high bone-to-implant 
contact are used to achieve long-
term success, defined as functional 
stability in the clinical environment 
with no signs of infection, such as 
pain or inflammation. From a peri-
odontal standpoint, this new era in 
implantology focuses on not only 
clinical but also crestal bone and 
soft tissue stability, both of which 
substantially influence esthet-
ics. However, while recent studies 
have shown the prevalence of peri- 
implantitis and implant failure to be 
less than 5% after 10 years of func-
tional loading for modern implants 
using established protocols,1 most 
criteria for implant success still do 
not consider resultant soft tissue 
changes. These may include labial 
recession at single implants adja-
cent to two uncompromised natu-
ral teeth or loss of papillary height 
and form around two or more adja-
cent implants.
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An open question today is thus: 
How can current implant designs be 
used to best preserve and maintain 
the stability of peri-implant bone 
and soft tissue? Can a tissue preser-
vation philosophy be developed to 
avoid crestal bone loss and gingival 
recession? Such a philosophy would 
broaden the traditional concept of 
success2 to include soft tissue stabil-
ity and improved esthetics.

The following factors are funda-
mental to maintaining stable peri-
implant hard and soft tissue and 
should be included in any philoso-
phy of tissue preservation. 

Factor 1:  
Absence of a microgap 

The absence of a microgap between 
the implant and the abutment has 
been shown3 to foster crestal bone 
stability by limiting the inflamma-
tory reaction at the implant-abut-
ment interface. The same study 
also demonstrated an inflammatory 
reaction in the soft tissues around 
the implant-abutment connection 
of systems with external hexagons 

and butt-joint connections, such as 
the classic Brånemark implants. The 
presence of a microgap may be re-
lated to the peri-implant chronic in-
flammatory reaction known as the 
inflammatory cellular infiltrate (ICI).3 
Histologic analysis has shown this to 
consist of numerous inflammatory 
cells, including polymorphonuclear 
cells, lymphocytes, plasma cells, 
and macrophages. 

The presence of microorgan-
isms within the inner part of the 
implant body also has been demon-
strated.4 The marginal bone loss of 1 
to 2 mm during the first year of load-
ing that was reported more than 30 
years ago5 may be associated with a 
peri-implant soft tissue inflammatory 
reaction that is related to this inner 
bacterial contamination, which is dis-
seminated by the pumping effect of 
abutment micromovements. 

Various studies in dogs have 
demonstrated that the location of 
the microgap relative to the bone 
crest influences the height at which 
the crestal bone level will stabilize.6 

These findings would seem to 
support use of a one-piece implant. 
Such designs may be placed more 

readily in the mandible, where par-
allelism is more easily achieved. In 
areas where optimum angulation is 
difficult to achieve, placing a one-
piece implant with simultaneous 
osseous augmentation may enable 
achievement of parallelism within 
resorbed alveolar ridges (Fig 1). Ab-
sence or minimization of a microgap 
appears to be necessary in order to 
stabilize the crestal bone and main-
tain soft tissue health. 

Implant systems without a mi-
crogap, such as the classical one-
piece Straumann implant, may foster 
healthy periodontal tissues contain-
ing more collagen fibers; these may 
increase resistance to collagenases 
and other matrix metalloproteinases 
and act as a partial barrier to soft tis-
sue breakdown. Although the expla-
nation for this histologic finding is 
still not completely understood, an 
altered soft tissue response occurs 
in the absence of a mechanical niche 
for bacteria (a microgap). More cir-
cular fibers of collagen type V devel-
op, as do types III and I. The relative 
vascularity and number of blood 
vessels is lower around one-piece 
implant systems, which have an  

Fig 1  Straumann implant placed with simultaneous bone 
augmentation in the maxilla due to inadequate angulation of the 
crestal aspect (one-piece implant).

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 35, Number 3, 2015

365

architecture that more closely resem-
bles healthy periodontal tissues.7 In 
the soft tissue around implants with 
microgaps, there are more blood 
vessels, the collagen fibers have less 
collagen content, and a high number 
of mononuclear cells have been re-
ported.8 Collagen fibers have been 
shown to develop better and be 
more densely packed around rough-
surfaced titanium plasma-sprayed 
implants, resembling a scar-like mu-
cosa.9 This finding also appears to 
be associated with the absence of 
effective mechanical abutment inter-
locking, which potentially can lead to 
micromovement.

Factor 2: Micromovement 

Micromovement at the implant-
abutment interface may damage the 
soft tissue seal and create an envi-
ronment for further bone resorption. 
Conical (tapered) implant-abutment 
connections have been shown to be 
more stable than traditional butt-
joint connections.10 Specifically, the 
advantage of the absence of micro-
movement in the implant-abutment 
connection of the Ankylos system 
(Dentsply) was documented in a 
clinical study using implants to re-
place single molars; no loosening 
of the abutments occurred after 2 
years of functional loading.11 The 
strength of the connection of these 
dental implants has been proven 
since a final torque of only 15 to  
20 Ncm (and not more than 25 Ncm) 
is necessary to connect the abut-
ment, thus eliminating the microgap. 
This appears to be an advantage in 
areas immediately adjacent to the 

osseous crest, where rigid immo-
bilization is necessary under func-
tional loading to limit the ICI. In the 
wake of these findings about the in-
creased stability resulting from more 
rigid internal connections, a number 
of other implant manufacturers have 
responded with similar designs, such 
as the Certain (Biomet 3i), Tube-in-
Tube (Camlog), and Tri-Lobe (Nobel 
Biocare) connections, and recently 
with the introduction of Morse taper 
connections in their newly devel-
oped implant systems. 

Factor 3:  
Platform switching 

The concept of placing an abutment 
with a diameter that is narrower than 
the implant platform diameter has 
been referred to as platform switch-
ing or platform shifting. The first 
implant system to incorporate this 
feature was developed in 1985 by 
Nentwig and Moser and has been in 
clinical use since 1987.12 Several clini-
cal studies of this approach with the 
Ankylos system have shown crestal 
bone stability13,14 and long-term suc-
cess.15 Other implant systems also 
have adopted this approach in an 
attempt to maintain crestal bone 
stability.16 However, the question 
remains whether platform switching 
per se is responsible for the lack of 
peri-implant bone resorption or if a 
combination of various factors leads 
to the peri-implant soft and hard tis-
sue integrity and subsequent main-
tenance of form.

Histomorphometric measure-
ments of the gingival seal around 
teeth (also known as the biolog-

ic width) have been reported as  
0.97 mm of junctional epithelium, 
1.07 mm of connective tissue attach-
ment, and approximately 0.7 mm  
of gingival sulcus.17 This sulcular 
sealing around the cementoenamel 
junction in normal periodontal tis-
sue may also be present around 
implants. Clinical evidence indicates 
that disruption of the abutment and 
subcrestal implant placement also 
influence the peri-implant biologic 
width.18 

Placing a platform-switched im-
plant and abutment at the level of 
the bone crest, uncovering the im-
plant platform conventionally, and 
torquing the final abutment only 
once allow for soft tissue integration 
without inflammatory reaction and 
epithelial downgrowth.19 In a mon-
key study, when the peri-implant soft 
tissue around implants immediately 
loaded with final abutments at the 
time of placement was compared 
with that around implants that had 
been submerged for 3 months and 
then connected to a healing cap for 
a week, followed by final abutment 
connection, the difference between 
the biologic width in the two groups 
was statistically insignificant.20,21 The 
healing caps also had a smaller di-
ameter than the implant platform, 
allowing migration of connective tis-
sue fibers over the crest of bone and 
circumferentially around the healing 
caps, preserving excellent connec-
tive tissue integration. The presence 
of fibrous connective tissue circular 
fibers is important in order to de-
velop an esthetic soft tissue profile 
(Fig 2). 

A 2009 case report22 demon-
strated that bone was present 2 mm  
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above the level of the implant shoul-
der with no resorption of the coro-
nal bone or infrabony pocketing. At 
the level of the implant shoulder, 
the presence of dense connective 
tissue with only a few scattered 
inflammatory cells was observed. 
When two types of platform-
switched implants were compared 
histologically and histomorpho-
metrically in the same patient, the 
implants that conformed with the 
so-called tissue care connection 
exhibited more peri-implant bone 
stability.22

A recent study of two implant 
designs placed in the anterior man-
dibles of the same patients at the 
level of the bone crest, connected 
to final abutments on the day of 
implant placement, and splinted to-
gether with a cross-arch provisional 
fixed prosthesis found crestal bone 
loss around 70% of the Biomet 3i 
implants and 11% of the Ankylos 
implants.23 Since both implant de-
signs incorporated platform switch-

ing and micromovements were not 
present because of the splinting, 
the bone loss instead appears to be 
associated with grinding of the alve-
olar ridge to create a sufficient inter-
occlusal distance for the prosthesis. 
Therefore, it may be concluded that 
in areas where there is an expecta-
tion of bone resorption, subcrestal 
implant placement should be seri-
ously considered.

Factor 4: Implant position 
relative to the bone crest 

An implant may be placed above 
the bone crest (supracrestal), at the 
level of bone (crestal), or below the 
bone crest (subcrestal). Supracrestal 
placement moves the microgap 
(bacteria and ICI) away from the 
bone, eliminating subsequent crest-
al bone loss. Such supracrestal posi-
tioning poses an esthetic problem in 
the anterior zone that is less relevant 
in posterior sites.

Studies of Straumann tissue- 
level implants showed that subcrest-
al placement was not recommend-
ed because the bone adjacent to 
the polished surface in more deeply 
placed Straumann implants was lost 
over time after loading.24 From an 
esthetic standpoint, this subcrestal 
placement of Straumann tissue-level 
implants may be a complication in 
patients with thin tissue biotypes 
or if soft tissue recession occurs be-
cause the polished collar may be ex-
posed. Therefore, modifications of 
this system with a shorter collar (nar-
row neck) have been developed for 
esthetically demanding cases. Oth-
er systems provide rough surfaces 
to the top of the implant body, such 
as the Bone Level (SLActive, Strau-
mann), Nobel Active (TiUnite, No-
bel Biocare), Osseotite (Osseotite, 
Biomet 3i), Astra Tech (Osseo-
Speed, Dentsply), and Ankylos C/X  
(CELLplus, Dentsply).

The presence of circular collagen 
fibers around the implant platform 

Fig 3 (left)  Bone growth over the 
implant top (platform), also presenting 
connective tissue attachment without 
epithelial migration (tolouidine blue; 
original magnification ×60).

Fig 4 (right)  Interimplant bone 
preservation at implants placed less 
than 3 mm apart (tolouidine blue; 
original magnification ×25).

Fig 2  Excellent peri-implant soft tissue around an implant with 
Morse taper connection and subcrestal placement.
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seems to be important to preserve 
soft tissue integration. When plac-
ing a one-piece implant (without a 
microgap), crestal bone stability as 
well as soft tissue integration around 
the highly polished collar is present. 
However, the crestal bone level is 
related to the apical aspect of the 
implant and determines the biologic 
width. Recent studies have dem-
onstrated the location of the peri- 
implant bone crest when implants 
were placed at different levels rela-
tive to the bone crest.25 Specifically, 
around Astra Tech implants placed 
subcrestally and restored with con-
ventional and TiOblast-surfaced 
(Astra Tech) abutments, the bone re-
mained stable around the TiOblast-
surfaced abutments but not the 
conventional ones. However, these 
implants were not loaded, and the 
abutments were not removed dur-
ing the entire observation period. 
This shows the crestal bone stability 
around rough-surfaced abutments. 

An implant system that pre-
serves the bone seems to require 
a rough surface that extends over 
the entire body to the implant top 
in order to support bone integration 
over the implant. Laser-Lok dental 
implants (BioHorizons), which have 
microchannels, promote crestal 
bone stability and soft tissue inte-
gration without apical migration of 
the epithelial cells.26

Rough surfaces may have an ad-
vantage when implants are placed 
subcrestally. Significant differences 
in crestal bone levels between An-
kylos and Nobel Biocare implants 
have been presented recently in 
dogs,27 with the bone crest cover-
ing the Ankylos platform and the 

TiUnite-surfaced implants show-
ing more crestal bone resorption. 
The implants in this study were not 
loaded with crowns. In contrast, 
when Ankylos implants were placed 
crestally in monkeys, the bone level 
was stable after 3 months of load-
ing without any bone differentiation 
between delayed and immediately 
loaded implants.20,28,29 This soft and 
hard tissue stability appears to per-
sist even when implants are placed 
close to each other (Figs 3 and 4).

When implants are placed 
subcrestally, it is also possible to 
achieve crestal bone stability when 
the stage-two surgery (implant 
uncovering) is performed without 
extensive flap elevation or when 
implants and final abutments are 
placed simultaneously. This effect 
has been documented histologi-
cally in monkeys,20,28,29 as well as in 
humans clinically and radiographi-
cally,20,30 and demonstrates long-
term success without statistically 
significantly greater crestal bone 
loss compared with implants placed 
at the bone crest.18

Repetitive disconnection and 
reconnection of the abutments may 
negatively impact the soft and hard 
tissue peri-implant environment, 
causing apical migration of the epi-
thelium as well as significant crestal 
bone resorption.31 When consider-
ing this scientific data, subcrestal  
(1 mm or deeper) placement of a tis-
sue-preserving implant, such as the 
Ankylos implant system, results in a 
biologic width consisting of approx-
imately 1-mm bone attachment, 
1-mm connective tissue integration, 
and 1-mm epithelial attachment. 
Clinical studies of this implant sys-

tem in the United States, Europe, 
and Asia that recorded periodontal 
indices found mean probing depth 
values of less than 3 mm because of 
the effect of soft tissue attachment 
sealing around the mechanically 
stable abutment connection of the 
Ankylos system.11,13,14 

Factor 5:  
Immediate loading and 
tissue preservation

Long-term success has been dem-
onstrated for implants that are im-
mediately loaded after achievement 
of initial primary stability. Studies of 
platform-switched implants placed 
subcrestally and restored with abut-
ments that are connected only once 
have also shown long-term predict-
ability18 (Fig 5). In cases with com-
promised bone remodeling, the soft 
tissues healed, and the bone was 
stable over a 3-year loading period. 
This was demonstrated in patients 
who were heavy smokers or receiv-
ing chemotherapy.32,33 Histologic 
and histomorphometric studies in 
monkeys showed the peri-implant 
bone density to be significantly 
higher around immediately load-
ed implants when compared with 
unloaded or delayed-loading im-
plants.34 Tissue healing appears to 
be multifactorial, involving both sur-
gical and prosthetic aspects that all 
must be incorporated into any tissue 
preservation approach.35 Immedi-
ate loading is viewed as a wound-
healing concept in this approach, 
with the controlled bone resorption 
under loading forces contributing to 
tissue stability.36,37 
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Factor 6: Single-tooth 
implants and the tissue 
preservation concept 

Over the past 10 years, several stud-
ies of single-tooth implants have 
focused on soft and hard tissue in-
tegration. The papillae adjoining 
single-tooth implants are deter-
mined by the presence and levels of 
the interproximal bone immediately  
adjacent to the implant because 

gingival fibers from the adjacent 
teeth appear to be responsible for 
the soft tissue architecture (Fig 6). 
Preservation of the papillae may be 
achieved with various implant sys-
tems and implant-abutment connec-
tions. However, platform-switched 
implants allow more space for the 
connective tissue fibers encircling 
the abutment and give technicians 
more space to create esthetic emer-
gence profiles.

Based on the author’s long-term 
experience, in cases of immediate 
implant placement in fresh extrac-
tion sockets, the use of platform 
switching, conical implant-abutment 
connections, and subcrestal place-
ment without abutment removal to 
allow for soft tissue stability appears 
to improve the esthetic results for 
years (Fig 7).  

When resorption or buccal 
plate dehiscences are present after 

Fig 7 (left)  Excellent esthetic result 11 
years after implant placement in fresh 
extraction sockets and immediate functional 
loading using implant systems with platform 
switching, conical implant-abutment con-
nections, and subcrestal placement without 
abutment removal to allow for soft tissue 
stability.  

Fig 5 (left)  Excellent crestal bone stability 
after 12 years of immediate functional load-
ing. All implants were placed in fresh extrac-
tion sockets with simultaneous autogenous 
bone augmentation.

Fig 6 (below)  The soft tissue integration 
around an implant includes papilla archi-
tecture provided by the bone crest of the 
adjacent teeth.
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tooth extraction, a flap should be 
reflected, and the fenestration or 
dehiscence should be augmented 
and covered with a membrane. 
Subcrestal implant placement al-
lows for flap replacement without 
coronal repositioning and immedi-
ate provisionalization with or with-
out occlusal (functional) loading. 
The soft tissues heal over the im-
plant platform, preserving a soft 
tissue seal and serving as a barrier 
to apical epithelial migration. Cli-
nicians providing implant therapy 
thus have treatment alternatives 
leading to long-term tissue sta-
bility and excellent clinical out-
comes.37 This is obviously more 
important in patients with thin 
and/or scalloped biotypes. Recent 
clinical studies by Linkevicius et al38  
showed that the thickness of the 
soft tissues is of importance, and, 
independent of whether the im-
plants have platform switching, the 
crestal bone loss is greater when 
the peri-implant mucosa is thin 
compared with clinical conditions 
with thick tissue.

Factor 7:  
Adjacent implants and the 
tissue preservation concept

A common dental challenge is the 
need to place adjacent implants in 
the esthetic zone, especially when 
limited space and/or alveolar ridge 
resorption exists. A distance be-
tween implants of 3 mm has been 
prescribed as an absolute mini-
mum.39 For implants placed less 
than 3 mm apart, the papillae may 
disappear, and the bone crest will 
not remain stable. A recent study 
by Jo et al40 showed that interim-
plant distance guidelines may not 
be applicable when internal connec-
tion platform switched implants are 
used. Specifically, the interimplant 
distance did not affect the crestal 
bone loss with internal connection 
implants with platform switching. 
However, subcrestal implant place-
ment has been demonstrated in 
dogs to have a positive impact on 
papillae formation and crestal bone 
preservation, which could favor an-
terior esthetics.41

The tissue preservation concept 
may enable implants to be placed 
closer together (Fig 8) while still pre-
serving the interimplant bone crest 
and soft tissue architecture. This ap-
proach would include placing plat-
form-switched implants subcrestally 
(Fig 9) and using a minimally inva-
sive implant-uncovering technique. 
With subcrestal implant placement, 
the intrasulcular collar of a narrow 
prefabricated abutment should be 
longer (approximately 3 mm), al-
lowing the margin of the prosthetic 
restoration to be slightly subgingi-
val. Considering the biologic width 
around implants, 2-mm subcrestal 
implant placement allows for forma-
tion of a 1-mm zone of connective 
tissue and 1-mm-long junctional 
epithelium over the bone crest. This 
ensures that the margin of the pros-
thetic restoration will be at the level 
of the epithelialized tissue over the 
tight connective tissue sealing, rep-
resenting a biologic barrier for the 
physiologic removal of remaining 
cement in case of cement-retained 
restorations (Fig 10).

Fig 8  Close implant placement due to space limitations. Fig 9  Subcrestal implant placement using an implant system with 
platform switching allows preservation of the interimplant bone 
crest and soft tissue architecture.
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Conclusions

Patients today want rapid delivery 
of esthetically pleasing implants. 
The foundation of hard and soft tis-
sue must be three-dimensionally vi-
sualized before implant placement. 
Certainly other factors, such as im-
plant diameter and texture, pros-
thetic design of abutments, occlusal 
overloading, and a multitude of 
patient-centered factors (eg, smok-
ing, diabetes), may have a greater 
impact on long-term hard and soft 
tissue stability. A new philosophy 
of tissue preservation in implant 
dentistry requires use of the correct 
hardware and respect for the rules 
of biology to facilitate long-term 
stability of the soft and hard tissues. 
More clinical studies and especially 
prospective randomized clinical tri-
als with unbiased evaluation and 
multicenter protocols are necessary 
to further improve future implant 
designs and better achieve long-
term implant success.
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