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Soft tissue integration in the transmucosal zone of dental
abutments supports the peri-implant tissues, improves
esthetics, ensures soft tissue seal against microorgan-
isms, and preserves crestal bone level. The aim of this
literature review was to define the most favorable surface
topography and macrodesign of the transmucosal zone
of abutments to achieve optimal soft tissue seal. An
electronic search of the PubMed/MEDLINE database was
performed, seeking relevant English-language articles
published between January 1, 2003, and October 11,
2014. The key terms implant abutment, surface topogra-
phy, and soft tissue seal were used both singly and jointly
with “AND” in this search. Additionally, a manual search
was performed. Articles that did not distinguish between
abutment and implant surfaces, investigated only
1-piece dental implants, or were systematic reviews were
excluded, although 4 systematic reviews were studied

to obtain background information. Out of a preliminary
pool of 206 articles, 12 relevant articles were identi-

fied for final evaluation in addition to the 4 systematic
reviews. These included 3 human studies, 3 animal stud-
ies, and 6 in vitro studies. The human histologic studies
showed evidence of perpendicular insertion of human
gingival fibroblasts into the treated abutment surface.
Laser-ablated, hydrophilic, and oxidized titanium
surfaces resulted in this type of attachment. Epithelial
cells seem to slightly favor zirconia and polished titanium
surfaces. Due to heterogeneity in the study designs,
statistical methods, and reported results, meta-analysis
of the data was not possible. Improvements in the
surface topography and macrodesign of dental abut-
ments might improve biocompatibility and adherence

to soft tissue; however, manipulation of soft tissue and
second-stage surgery could negate any advantages of
the improved surfaces.
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oft tissue integration in the transmucosal zone of dental

abutments is an essential functional and biologic param-

eter for supporting the peri-implant tissues, improving
esthetics, ensuring soft tissue seal against microorganisms, and
preserving crestal bone level, ultimately increasing the longevity
of the restoration. Healthy integration of the soft tissues around
the prosthetic components of a dental implant offers a protec-
tive zone that prevents epithelial downgrowth and stabilizes
and protects the surrounding bone from harmful biologic and
mechanical factors. The physical gap between the abutment-
crown complex and the soft tissue surrounding the implant res-
toration is a pathway for the invasion of microorganisms to the
dental implant surface, which may lead to bone loss and peri-
implantitis. A proper soft tissue seal can act as a clinical strategy
to prevent microbial invasion of the dental implant surface.

Tissue healing around the implants can also be influenced by
biomechanical factors such as the implant-abutment stability,
the shape and design of the components, and the microtopogra-
phy of the implant surface.”” Polished titanium or zirconia com-
ponents are conventionally used in the transgingival part of the
dental implant abutment as connective elements to prosthetic
suprastructures. However, these biocompatible materials cannot
always offer support for a tight peri-implant soft tissue seal,
eventually leading to bacterial invasion.

The materials used for prosthetic components in implantology
must meet high esthetic demands and reduce the risk for plaque
accumulation. Myshin & Wiens examined soft tissue healing
in both partially and completely edentulous dental implant
patients.’ However, their study did not address the soft tissue
seal around the dental implants. Iglhaut et al, in a comprehen-
sive review of the literature, investigated epithelial downgrowth
in response to different abutment macrodesigns, such as con-
cave, platform-switching, and microgrooved abutments.* That
study addressed the bone loss related to the interface quality
between dental abutment and soft tissue. However, the authors
did not search for the ideal surface topography that may result
in optimal soft tissue seal.

Linkevicius & Apse, in a systematic review of research on
the peri-implant tissue stability associated with different abut-
ment materials, could not find any significant differences in the
currently available materials and the resulting tissue stability.®
In vitro and in vivo research has shown that dental abutment
materials with different characteristics have an influence on
the health of the soft tissue and the ability of the abutments
to preserve crestal bone around dental implants.® According
to Linkevicius & Apse, however, studies comparing gold to



Table 1. Parameters of soft tissue around natural teeth and titanium dental abutments.347-13

Parameter Natural tooth
Mean soft tissue height’ 2.73 mm
Mean epithelial width? 2.05 mm
Mean connective tissue width?® 1.12 mm

Type of epithelial attachment® Hemidesmosomes

Connective tissue attachment*!
Collagen fiber insertion'?
Ratio of collagen fibers to fibroblasts!®

Source of vascularity*®

titanium have shown no significant differences in soft tissue and
bone health around the 2 materials.® Histologic studies compar-
ing aluminum oxide to titanium also show similar results for
tissue and crestal bone levels. Although soft tissue slightly favors
zirconium oxide dental abutments compared with titanium, no
statistically significant differences have been found.”

It is important to consider how the interaction of an inorganic
material, such as a titanium abutment, and soft tissue differs
from the interaction around a natural tooth. The embedded
part of the primary group of fibers that runs between bone and
cementum (known as Sharpey fibers) creates a biologic bond
that makes the cementum an essential functional part of the
periodontal apparatus.®” It would be ideal to pursue a dynamic,
functional surface similar to that found in nature to cover dental
abutment and implants.

Different factors influencing the transmucosal seal have been
investigated.**”** Among the factors that have been considered,
the presence of keratinized mucosa has the most positive effect
on the soft tissue architecture and the ability of the tissue to
resist stress of mastication, trauma, or recession. The design of
dental abutment, the type of connection of the abutment, and
platform switching between dental abutment and dental implant
seem to positively influence hard tissue stability and conse-
quently soft tissue health and peri-implant esthetics.

Soft tissue attachment around dental abutments has some
similarities to soft tissue attachment around natural teeth,
including mucosa, junctional epithelium, and connective tissue
attachments that are similar in biologic width. However, there
are also some important differences between the connective
tissue attachments around implants and teeth (Table 1).**"*
The connective tissue has a similar free gingival structure of
keratinized epithelium around both implants and natural teeth,
but the collagen fibers of the connective tissue around dental
implants run parallel to the abutment surface.” In addition,
the peri-implant connective tissue shows poor vascularity and
appears more like scar tissue.

Different types of dental implant surface topography
(machined, acid-etched, or sandblasted) did not influence soft
tissue healing.® The sulcus around the implant appears to be made
from nonkeratinized epithelium, and a zone of circular fibers

Perpendicular to the cementum
Perpendicular to the tooth surface
60% collagen fibers to 5%-15% fibroblasts

Supraperiosteal blood vessels and vascular
plexus of the periodontal ligament

Dental implant

3.0-3.5mm

2.40 mm

1.66 mm

Partially hemidesmosomes

Layer of proteoglycans, 20.0 um thick

Parallel to the implant surface, as with scar tissue
85% collagen fibers to 1%-3% fibroblasts

Peri-implant soft tissue from supraperiosteal
blood vessels

constitutes the connective tissue zone.” No mechanical or chemi-
cal attachment of the fibroblasts to the abutment surface has been
found. In implants, that attachment is replaced by a proteoglycan
layer that basically consists of heavily glycosylated proteins.

The composition of connective tissue around natural teeth
and dental implants also differs.” The connective tissue zone
established around natural teeth is composed of 60% collagen
fibers and up to 15% fibroblasts. In contrast, the connective
tissue around dental implants comprises 85% collagen fibers and
only up to 3% fibroblasts.*"

Some studies show that bone-level implants have more epi-
thelial downgrowth than soft tissue—level implants.* The dental
abutment interface influences crestal bone level; it has been
concluded that this result is a direct effect of the microgap.
Infiltration of inflammatory cells found on bone-level dental
implants may be caused by microorganisms in the oral cavity.
There is also evidence that microleakage of endotoxins occurs
at conical abutment-implant connections.’ Gram-negative
microorganisms may cause crestal bone resorption by activat-
ing osteoclasts. Lipopolysaccharide-mediated cytokines may
penetrate even small gaps in a conical connection, which will
contribute to the destruction of crestal bone.

The connective tissue seal and bone surrounding dental
implants are also influenced by oral biofilms. A biofilm is a
community of microbial cells embedded within an extracel-
lular matrix produced by the microorganisms themselves and
attached to a substratum.* Dental plaque is constituted by
complex communities of biofilms. Microbes in dental plaque
are important factors in the formation of mucositis and peri-
implantitis. Factors such as the surface topography, surface
energy, and surface chemical characteristics of dental abutments
as well as the prosthetic interface with dental implants may
influence the formation and development of biofilms and even-
tually peri-implant diseases.” The same factors that influence
biofilm formation may influence the adhesion and proliferation
of gingival epithelial cells and fibroblasts.

Another factor influencing soft tissue seal around implants
is the crestal bone loss that occurs after second-stage uncover-
ing of implants. So-called bone dieback, which is 1.0-1.5 mm
of bone loss to the first thread of the dental implant, occurs
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within the first year of functional implant loading.® The die-
back phenomenon seems to continue with an annual average
of 0.1 mm of bone loss for the rest of the functional life of an
implant and has been discussed in correlation to the abutment-
implant junction.’ The usage of an internal, long, conical con-
nection has been discussed as a means of reducing crestal bone
loss. In addition, platform switching (horizontal offset) seems
to have a positive effect on bone at the implant-restoration
complex.’ These methods have reduced but not eliminated the
peri-implant bone dieback phenomenon.

The objective of the present study was to review the literature
on the surfaces, chemistry, materials, and topography of dental
implant abutments in relation to soft tissue seal and to deter-
mine specific topographic characteristics of abutment surfaces
that could lead to better sealing and superior long-term stability
of the peri-implant tissues. A better understanding of the rela-
tionship between soft tissue and dental abutment surface could
help clinicians in their selection of abutment materials and sur-
faces. It was hypothesized that abutments with a microtopogra-
phy similar to that of tooth enamel will achieve better soft tissue
seal, thereby preventing microbial invasion, preserving crestal
bone, and ultimately leading to a better success rate.

Materials and methods

Search strategy

An electronic search through the PubMed/MEDLINE database
for relevant articles published January 1, 2003, through October
11, 2014, was performed. All types of studies investigating the
dental abutment surface material and topography as well as the
soft tissue response were included. After the electronic search,
a manual search was carried out to include laser-ablated dental
abutment surfaces.

The key terms implant abutment, surface topography, and
soft tissue seal were used both alone and as combined search
terms. The search terms were grouped to the subjects (implant
abutment, surface topography, soft tissue seal) and linked with
“AND.” After the abstracts of the preliminary pool were read,
only the articles that clearly discussed soft tissue relation-
ships with the dental abutment surface were selected for a
full-text article review.

The inclusion criteria were articles written in the English lan-
guage, published January 1, 2003, through October 11, 2014. The
exclusion criteria were articles that did not distinguish between
abutment and implant surfaces, articles that investigated only
1-piece dental implants without examining the transmucosal sur-
face and its relationship to soft tissue seal, and systematic reviews.
Although excluded from the analysis, 4 systematic reviews were
studied to obtain a better understanding of the topic.

The full-text article pool was divided based on the type of
study—human, animal, and in vitro—because different kinds of
studies might improve the overall perspective and broaden the
sources of evidence collected. While in vivo studies might repre-
sent the ideal environment to investigate soft tissue responses to
dental abutment materials and surfaces, in vitro studies facilitate
collection of evidence related to specific, isolated or multiple
factors of the tissue response. The final pool of articles totaled
16: 4 review articles, 3 animal studies, 3 human studies, and 6 in
vitro studies.
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Chart. Selection of articles for review.

Manual search

Preliminary pool of 206 articles

\

190 articles did not fulfill the inclusion criteria

16 articles selected for review

4 review
articles

kept for
discussion

12 articles used for final analysis

< <
< <

Data analysis

When the full-text articles were reviewed, it was clear that
differences in the study designs, measurement parameters, and
data collection made it impossible to perform statistical analysis
on the resulting heterogenous data.

Results

After all abstracts and titles were screened—200 from the
initial search and 6 from the manual search—16 articles were
selected for the final analysis (Chart). Although 4 of 16 articles
were systematic reviews and therefore were excluded from the
evaluation, they were read to obtain background information.
Finally, 12 full-text articles meeting all the defined inclusion
criteria were evaluated.

Excluded studies

The 190 studies excluded from the analysis did not meet the
inclusion criteria. More specifically, the excluded articles gave
no information related specifically to the surface topography
and characteristics of dental implant abutments.
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Fig 2. Longitudinal section
through a human implant
(1) with an oxidized surface
showing functionally oriented
collagen fibrils (arrows) in the
apical portion of peri-implant
connective tissue. (Reprinted
from Schupbach & Glauser with
permission from Elsevier.?’)

Fig 1. Transmission electron
micrograph of the surface
of a cell directly in contact
with an implant. Note the
presence of basal lamina
and hemidesmosomes
(arrows). (Reprinted from
Schupbach & Glauser with
permission from Elsevier.”)

Included studies

All studies selected for the final pool of articles were prospec-
tive. Three human studies with a total of 32 patients, 2 canine
studies with a total of 12 dogs, 1 subcutaneous model in vivo
study in the rat, and 6 in vitro studies were included."”*

In the 3 prospective studies with human subjects, a total
of 75 abutments had been utilized in 32 patients.”"* There
was a mean of 14.166 patients per study. The mean follow-up
period was 1.66 months. The investigated histologic specimens
showed evidence of perpendicular collagen fiber insertion into
abutment surfaces made of hydrophilic-modified titanium or
zirconium oxide.

Two of the animal studies involved a total of 12 dogs with a
total of 72 abutments.”®”* The mean follow-up period was 2.375
months. Laser-ablated microgrooved abutments specimens
showed full or partial histologic evidence of direct connective
tissue attachment. However, when abutments were discon-
nected and reconnected, the direct connective tissue attach-
ment was lost.

Discussion

Because this literature review was designed with broad inclu-
sion criteria to include different types of studies, wide-ranging
results related to different types of surfaces and materials were
expected. Although this approach precluded statistical analysis
of the data, it does not undermine the value of the evidence pro-
vided by the data itself.

Human studies

The 3 human studies included in the final review involved a total
of 32 subjects with 75 dental abutments and a mean follow-up
period of 1.66 months.”"® One human study involved 12 titanium
dioxide dental abutments, which had been divided into 3 types

of surface: machined, acid-etched, and microporous oxidized.”

Fig 3. Modified hydrophilic
titanium-zirconia surface
showing improved adhesion and
perpendicular collagen fibers
(original magnification 200x).
(Reprinted from Schwarz et al
with permission from Wiley.*®)

Fig 4. Improved seal around the
healing abutment. (Reprinted
from Iglhaut et al with
permission from Wiley.?%)

A second human study involved 18 dental abutments: 5 hydro-
phobic, machined titanium abutments; 6 chemically modified,
hydrophilic, acid-etched titanium abutments; and 7 chemically
modified, hydrophilic titanium-zirconium alloy abutments.” The
third human study involved 45 dental abutments divided into 5
groups to produce 5 different surface topographies: 1, the control
group as received from manufacturer; 2, test abutments modified
by a rotary process; 3, test abutments sandblasted with 25-pm
aluminum oxide particles; 4, test abutments sandblasted with
75-um aluminum oxide particles; and 5, test abutments sand-
blasted with 250-pm aluminum oxide particles.”

These human studies found evidence that some special sur-
face characteristics resulted in direct connective tissue attach-
ment to the abutment surface. Schupbach & Glauser harvested
experimental titanium mini implants 8 weeks after insertion.”
Histologic analysis revealed many similarities between soft tis-
sues surrounding the specimens and those around natural teeth.
The authors found evidence for a basal lamina and reported the
existence of hemidesmosomes (Fig 1). The abutment portion of
the 1-piece mini implant used in the study was designed to be
placed at the soft tissue level. The specimens were grouped into
3 types of abutment surface: machined, acid-etched, and micro-
porous oxidized. One of the significant findings of this study
was that histologic evidence of collagen fibers that were perpen-
dicularly oriented against the abutment surface was found only
around specimens with an oxidized surface (Fig 2)."

Schwarz et al histologically compared tissue response to
healing abutments in a multicenter, randomized controlled
clinical trial of hydrophobic and hydrophilic surfaces.” The
biopsy specimens were harvested after 8 weeks of healing. The
histomorphometric analyses as well as the microscopic observa-
tions showed that there was a gap between the mucosa and the
machined abutments, while the modified hydrophilic abutments
showed perpendicular collagen fibers (Fig 3)."
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Table 2. Summary of the results of the reviewed in vitro studies.?32¢

Proliferation and adhesion favored on
treated rough surfaces

Notes

Ultraviolet irradiation of
zirconia abutments to improve
wettability

Proliferation was similar between titanium

nitrate and zirconia

Study Epithelial cells Fibroblasts
Yang et al?®
Kim et al*
Nothdurft et al?® Proliferation of larger cells
favored on polished surfaces,
especially titanium
Moon et al?®

Large cell proliferation favored
on smooth surfaces

Baltriukiené et al?”

Improvement with time to all specimens

Adhesion favored on laser-ablated compared
to sandblasted or polished surfaces; the

Proliferation favored on zirconia in general

Importance of no manipulation
or disconnection

Results contradict those of
Yang et al®

greatest number of cells was found on
polished titanium surfaces

Xing et al*®

Cathodic polarization using organic acids

improves growth of human gingival fibroblasts

For their clinical study of 9 patients, Wennerberg et al
replaced 5 original abutments with test abutments.” Each of the
5 test abutments had a different surface roughness and remained
mounted for 4 weeks. There were no statistically significant dif-
ferences in the soft tissue response to the different abutments.
The degrees of abutment surface roughness utilized were similar
to those of commercially available dental abutments."

Animal studies

The 2 canine studies involved a total of 12 dogs with 72 dental
abutments. Each study used 6 foxhounds, and the mean follow-
up was 2.375 months.

In the canine study by Nevins et al, machined abutments were
compared with abutments that had microchannels distributed
randomly on surfaces.”” Scanning electron microscopic evalu-
ation showed evidence of direct attachment of the connective
tissue and perpendicular fibers on the laser-ablated abutment
surfaces. The control groups, consisting of machined dental
abutments, failed to develop such a desirable attachment and
soft tissue seal.”

Microchannel abutment surface topography was tested in
another canine study by Iglhaut et al.”* This study also assessed
the influence of disconnection and reconnection on the soft tissue
healing response. The immunohistochemical analysis delivered
evidence of connective tissue fibers perpendicular to partially or
completely laser-ablated dental healing abutments, a finding that
was not observed in the test group (Fig 4). The attachment was
lost once the abutments had been disconnected.”

In another animal study, Kloss et al used a subcutaneous
fibrous tissue model in the rat.”” Three groups of polished
implant surfaces (titanium, titanium coated with hydro-
phobic nanocrystalline diamond, and titanium coated with
hydrophilic nanocrystalline diamond) were placed in the sub-
cutaneous connective tissue of rats. In all specimens removed
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after 1 week, collagen fibers were developed parallel to the
surfaces. However, hydrophilic surfaces exhibited an increased
number of cells and a reduced inflammatory response. Among
specimens removed after 4 weeks, hydrophilic surfaces still
showed significantly greater numbers of cells and blood vessels
than hydrophobic surfaces.

In vitro studies

Yang et al used ultraviolet irradiation to reduce water angle as a
means to improve the wettability and hydrophilicity of zirconia
and subsequently improve its biocompatibility with human
gingival fibroblasts (Table 2).”* Smooth and rough zirconia
control groups were compared to test groups that consisted of
smooth or rough zirconia discs treated with ultraviolet light for
24 hours. Water contact angle decreased significantly in both
test groups. The authors concluded that ultraviolet light treat-
ment improved human gingival fibroblast proliferation for both
smooth and rough zirconia. However, the rough surface group
favored longer cell adhesion and proliferation.”

Kim et al investigated different dental abutments of different
colors and materials: machined gray titanium, yellow titanium
nitride—coated titanium alloy, pink anodic-oxidized titanium
alloy, gray chrome-cobalt-molybdenum alloy, white composite
resin, and white zirconia.** All surfaces had a surface rough-
ness value of less than 0.5 um; however, the surface roughness
value of zirconia was much less, 0.019 pm. The water contact
angle was greater than 40 degrees for all the tested groups,
varying from about 60 degrees (machined, nitride-coated, and
anodic-oxidized titanium alloy as well as zirconia) to 90 degrees
(chrome-cobalt-molybdenum alloy). Especially at day 7, the
fibroblast proliferation around zirconia and nitride-coated spec-
imens was the greatest. Consequently, the authors concluded
that zirconia would be the material of choice in the esthetic area,
based on its color and the in vitro results.”



Zirconia

Polished

As machined

Airborne-
particle
abrasion

Titanium alloy
H

Fig 5. Representative scanning electron microscopic images of polished, machined, or sandblasted surfaces of zirconia and titanium alloy
(original magnifications 500x [A, C, E, G, |, K] and 10,000x [B, D, F, H, J, L]). (Reprinted from Nothdurft et al with permission from Wiley.?%)

Nothdurft et al attempted to evaluate the proliferation
and adherence of epithelial cells and fibroblasts on different
substrates (zirconia and titanium alloy) prepared with simi-
lar surface topographies.” Special attention was paid to the
investigation of water contact angle and surface roughness. On
zirconia, polishing produced a smooth topography, machin-
ing produced a microgrooved structure, and sandblasting with
110-pm airborne alumina particles resulted in a very rough
surface. In contrast, on titanium alloy, machining and polishing
produced similar smooth surfaces, whereas sandblasting pro-
duced a very rough surface (Fig 5).”

After investigating the contact angle, the authors reported
that polishing of the substrates resulted in better wetting for
the titanium alloy, while the machining resulted in a similar
contact angle. However, sandblasting increased the contact
angle and subsequently reduced the wettability of both tita-
nium and zirconia surfaces.”

Energy-dispersive X-ray spectroscopy indicated that polished
titanium surfaces had an average surface roughness of about 10
nm, the machined surfaces had an average roughness determinant
of about 69 nm, and sandblasted surfaces had an average rough-
ness of about 1.514 pm. In contrast, machined zirconia had an
even rougher surface value of 198.8 nm. After sandblasting, the
average roughness of zirconia was approximately 1.021 um.”

With regard to cell proliferation, human gingival fibroblasts
seem to favor zirconia in general. The highest numbers of cells
were detected on day 3 in the sandblasted zirconia group, but
polished zirconia delivered similar cell numbers. In contrast,

epithelial cell proliferation favored rough surfaces, especially
titanium. Larger epithelial cells favored smooth surfaces,
especially titanium.” Use of vinculin distribution analysis to
determine the adhesion quality of the cells showed that epithe-
lial cells favor titanium alloy, especially polished surfaces, while
fibroblast adhesion favors rough surfaces.”

Moon et al studied the adherence of human gingival fibro-
blasts to abutments with different surfaces.” They reported
that the adhesion strength of fibroblasts improves with time,
implying that manipulation and disruption during the healing
process might halt or reverse these positive findings.

In another in vitro study, Baltriukiené et al investigated the
tissue response to laser-modified titanium transmucosal abut-
ments.” The specimens were polished, sandblasted, or laser
ablated in different patterns (Fig 6). The results indicated that the
adhesion of human gingival fibroblasts was significantly better on
laser-ablated titanium surfaces than on smooth or sandblasted
specimens. Fibroblast proliferation on the different titanium sub-
strates was compared after 24, 48, and 72 hours of culture. While
smooth titanium surfaces showed the greatest number of cells,
all specimens showed increases in numbers of human gingival
fibroblasts in a time-dependent manner.” The results with regard
to fibroblast proliferation contradict the results reported by Yang
et al after ultraviolet irradiation of zirconia abutments.”

In an in vitro experiment, Xing et al analyzed the results of
different surface modifications on titanium by using cathodic
polarization in organic acids to roughen surfaces and produce
surface hydride.” The authors utilized 3 organic acids (oxalic
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Fig 6. Titanium specimens with different surface topographies and roughness levels. A. Polished. B. Sandblasted. C. Separated
perforated structures. D. Overlapping laser-ablated perforated structures arranged in all directions. E. Gridlike perforated structures.
F. Overlapping laser-ablated perforated structures arranged in straight rows. (Reprinted from Baltriukiené et al with permission
from Wiley.?”)

acid, tartaric acid, and acetic acid) and noted that oxalic acid
modified the surface topography of the titanium more than the
other acids. The organic acids used in cathodic polarization
had positive effects on both cell size and cell number, but the
results were not significant compared to the control group.

Conclusion

The hypothesis of this literature review was that utilization of
abutments with surface topography and chemistry similar to those
of natural teeth will produce transmucosal attachments that mimic
those in nature, thereby improving functional and esthetic results.
Within the limitations of this review, it can be concluded that soft
tissue integration around implant abutments is possible. Fibroblast
insertion into the abutment surface will eliminate the physical gap
between soft tissue and the transmucosal components.

The longevity of this type of integration and the ways to
achieve ideal abutment surface topography need further
research. The degree of roughness of an abutment surface, the
methods utilized in achieving the surface topography, and the
chemistry of dental abutment materials are some of the factors
that may affect the soft tissue response of the abutment-crown
complex. On the other hand, violating the surface roughness
threshold of 0.4 um increases the affinity of microorganisms and
the risk of peri-implant diseases, because increased roughness of
the transmucosal components significantly increases the patho-
genicity of the microorganisms around dental implants.”
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An additional factor influencing the adhesion of fibroblasts is
the hydrophilicity of the surfaces of the prosthetic components
of dental implants. Perpendicular collagen fiber organization
against the transmucosal interface can be achieved on hydro-
philic surfaces. Ultraviolet treatment to improve the surface
wettability of implant abutments may be a promising in-office
method for improving soft tissue seal, vascularity, and cellular
proliferation as well as reducing inflammatory response, ulti-
mately contributing to the stability of the soft tissue seal and
achievement of a natural-looking restoration.

Finally, the “one abutment—one time” concept must be fol-
lowed to achieve superior soft tissue attachment. Disconnection
and reconnection of implant prosthetic components may disrupt
established soft tissue integration.
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