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Abstract: Statement of the problem: The gingival configuration around implant abutments is of
paramount importance for preserving the underlying marginal bone, and hence for the long-term
success of dental implants. Objective: The objective was to study, clinically and histologically, the
effects of the change in the morphology of abutments connected to the endosseous implant, and of
their surface treatment. In particular, the objective was to ascertain the effect of changing the shape of
the transepithelial pillar and the treatment of its surface on the dimensions, quality and health of
the components of the peri-implant biological space, such as the dimensions of the epithelial and
connective tissues of the biological space, the concentration of inflammatory cells and the density
of collagen fibers. Methods: A clinical trial of 10 patients with a totally edentulous maxilla, who
had four implants (IPX4010_GALIMPLANT®, Sarria, Spain) inserted in the area of the first and
second molars on both sides with computer-guided implant surgery, was conducted with the final
purpose of assessing the quality of the peri-implant soft tissue attachment around the transepithelial
abutments which were employed (aesthetic machined (RM), aesthetic anodized (RA), slim machined
(SM) and slim anodized (SA)). At 8 weeks and following the collection of the samples (removal of
the implant-abutment assembly with its surrounding hard and soft tissue) and their processing for
subsequent histological and histomorphometric analysis in order to study the dimensions, quality
and health of the peri-implant soft tissue area, the variables previously mentioned were determined
according to the aims of the study. By using appropriate diameter trephine in order to obtain a useful
fringe of soft tissue around the transepithelial pillars, ANOVA and chi-square tests were performed.
Results: The SPSS statistical analysis ANOVA results revealed that the machined slim abutments have
a better performance considering the variables analyzed with epithelial and connective attachment
heights of 1.52 mm and 2.3 mm, respectively, and that connective density (density of collagen fibers)
was high at 85.7% of the sample size affected by the design for the slim abutments and 92.9% of the
high-density sample size affected by the surface treatment for the machined surface. Conclusions:
All variables studied, despite the small sample size, showed the superiority of the slim machined
abutment among the four groups.

Keywords: dental abutment; peri-implantitis; titanium surface treatment

1. Introduction

Dental implants are a very common treatment option for both partially and fully
edentulous patients due to their long-term success (Buser et al., 2012; Gotfredsen, 2012) [1,2].
However, one of their most feared complications is peri-implantitis, which involves a loss
of peri-implant bone tissue due to bacterial invasion of peri-implant tissues as a result of an
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imbalance between bacterial quantity/quality and the host’s defensive capabilities [3]. Peri-
implant tissues have a lower capacity for soft tissue sealing (epithelial and connective) than
the original tooth [4]. This protective band of connective tissue and epithelium is known as
the biological space, with dimensions ranging from 1.2 to 2.0 mm in height for epithelial
tissue and 1.0 to 1.5 mm in height for connective tissue [5]. These dimensions correlate to
the degree of bone remodeling that occurs after the connection of the abutment [6–8].

The effect of various morphological characteristics, surface treatments and manufac-
turing materials on early peri-implant bone loss has been studied with the aim of promoting
a good epithelial-connective seal which will protect the peri-implant marginal bone [9,10].

Weilander [9] found that a new design of abutments with concave microgrooves did
not present significant differences compared to convex microgrooves. Iglhaut, Becker and
Mihativic, 2013, and Kim et al., 2010 [10], studied the variation of biological width with
regards to the surface treatment of the abutments, observing a greater epithelial thickness
on smooth machined titanium abutments (2.9 ± 0.4 mm) compared to rough surfaces
(1.4–0.3 mm), but found no statistically significant differences in the morphology of the
abutments with respect to the dimensions of the laser microgrooved margins. Studies on
animals have shown an increased density of connective tissue attachment to abutments
with microgrooved surfaces, with decreased alveolar bone loss (Rompen, 2012) [11].

In a study performed on dogs by Berglund et al., the morphogenesis of mucosal
attachment occurred within 8 weeks [12]. This study found a considerable presence of
inflammatory infiltrations caused by bacterial colonization on the abutments, causing loss of
both epithelial and connective connections, and ending with loss of the peri-implant bone.

The quality of the oral mucosa as the first barrier when protecting the peri-implant
bone [3] is the reason that most research is directed towards stabilizing the properties and
health of the soft tissue, and towards the long-term adhesion of soft tissue to the prosthetic
components [13]. The biological interaction between the properties of the abutment and
the surrounding soft tissue has a great influence on adhesion between the two [14,15].
According to Canullo, 2016, fibroblast adhesion to the abutment surface is mediated by
extracellular matrices (fibronectin, vitronectin, collagen, laminin or fibrin) [16,17], so the
characteristics of the abutment surface must facilitate such interactions while also bearing
in mind the high probability of bacterial contamination [18].

Recent studies have shown the topographic modification of the abutment surface with
the formation of micro furrows, thus expanding the surface, and its roughness promotes
the appearance of perpendicular collagenous connections [19,20], because cell adhesion on
the abutment surface occurs through the formation of hemidesmosomes similar to those in
natural teeth [21,22].

In view of the above, the influence of both morphology and surface treatments on
the formation of the peri-implant soft tissue seal is striking [23]. Singh A.V. notes that
surface topography has a greater influence than surface treatment with regards to bacterial
adhesion [24].

Chrcanovic BR, 2014, considers that the hydrophilic and hydrophobic properties of
the abutment surface are crucial in their influence on bacterial adhesion [25].

According to Mishra [26], the hydrophilic surface of the abutments minimizes the
absorption of bacterial proteins and biofilm formation, while Canullo et al. [27] attach
greater importance to the technique used in the surface treatment.

In recent years, some studies have been reported employing nanotube structures as
micro-nano electrode interfaces to detect cell activities in in vivo and in vitro environments.
We believe nanotubes can play a key role in becoming such an interface due to their inherent
biocompatibility leading to great cell proliferation, adhesion and mineralization [23–26].

The prosthetic attachments used have been previously anodized, converting the
geometry of their surface into nanotubes, which favor gingival biology. Anodizing consists
of a surface treatment that is carried out on aluminum to form an oxide layer of that material.
The creation of this layer is controlled and is carried out through an electrolytic process.
During this process, a direct current is passed through the aluminum surface, which ends
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up behaving like an anode in an acid medium. The surface layer that is generated with
anodizing is superficial, protective, thin and passive microporous [27].

The aim of our study is to evaluate the response of the peri-implant soft tissue in terms
of dimensions and quality against the change in the topography and the treatment of the
surface of the transepithelial abutments to histomorphometrically evaluate the response of
peri-implant soft tissue to various designs of transgingival abutment (topography), with or
without surface treatment; that is, to study the effect of the shape and its surface treatment
on fibrous neoformation (dimensions of the biological space and density of the collagen
fibers in the transgingival area).

The hypothesis of our study is that the use of slim abutments with or without surface
treatment will improve the quality of the biological width.

2. Materials and Methods

All participants expressed a desire to wear an upper overdenture. All were adequately
informed on the surgical procedures, first through a personal interview and then at the
time of signing the informed consent previously approved by the Bioethics Committee of
the University of Salamanca 393, June 2019.

The present study was designed following the principles of the 2008 Declaration of
Helsinki concerning experiments involving humans. This clinical trial is registered under
number NCT05284461 and the full protocol may be accessed at www.clinicaltrials.gov
(accessed on 20 April 2022).

2.1. Patients and Subgroups

The inclusion criteria were completely edentulous patients with over 10 years of use
of conventional complete dentures with enough residual bone in the molar area to place
two implants per hemiarch.

The exclusion criteria were suffering from temporomandibular pathology and present
evidence of any systemic or psychological pathology that would contraindicate treatment
with implants.

The patient’s age did not form any condition for inclusion or exclusion; the only
criterion applied in this situation was to have been in a situation of total edentulousness
rehabilitated with a muco-supported complete prosthesis for at least 10 years.

In relation to the sex and smoking status of the patients selected to be included in the
trial, the two variants were not taken into account, despite the fact that data were recorded
and included in the statistical study and are provided below (Table 1).

Table 1. Description of the sociodemographic and clinical characteristics of the edentulous patients
participating in the study (n = 10).

GENDER N %

Man 7 70.0

Women 3 30.0

MEAN SD

AGE 65.9 10.7

Age range N %

<65 years old 24 60.0

≥65 years old 16 40.0

SMOKER N %

No 6 60.0

Yes 4 40.0

www.clinicaltrials.gov
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This clinical trial was designed to assess the histological and histomorphometric
characteristics of four different transepithelial abutments for which 40 implants were placed
and, after two months, removed together with the surrounding tissues for examination.
The tissue collected at the time of collecting the samples was both the hard and soft tissue
that surrounds both the implant and the abutment of each and every one of the samples.

A selection of the patients examined with conditions indicated to be operated on by
guided surgery was taken from the sample by computed tomography scan. From the 12
pre-selected patients, only 10 had enough bone to accommodate the 4 posterior implants for
this study. Prior to treatment, patients were adequately informed of the surgical procedures,
first verbally and then by signing the informed consent form proposed by the academic
institution. All clinical procedures were carried out at the USAL Dental Clinic (Salamanca,
Spain) and by the same doctor.

The sample consisted of 10 patients who received 60 implants (IPX-4010_GALIMPLANT®,
Sarria, Spain) in the atrophic maxilla by guided surgery. Of the 60 implants, 40 were studied,
divided into 4 groups according to the Galimplant Dental System (Sarria, Spain) transepithelial
employed in each implant (Figure 1).

Figure 1. Group distribution. Abutment design: SM (slim machined), SA (slim anodized), RA
(regular anodized), RM (regular machined).

RA (n = 10): Regular anodized. Reduced platform, anodized surface with a roughness
of 450 microns.

RM (n = 10): Regular machined. Reduced platform, machined surface.
SM (n = 10): Slim machined. Non-reduced platform diameter, concave in the center,

machined surface.
SA (n = 10) Slim anodized. Non-reduced platform diameter, concave in the center,

anodized surface with a roughness of 450 microns.

2.2. Protocol

From the information in the DICOM format obtained by the computed tomography,
and from the scan of the intraoral mucosa (3Shape TRIOS® Model S1P) with the program
“CO-diagnostic Straumann Dental Wings”, surgical stents were created for each of the six
implants, one anterior and two posterior implants per hemiarch. The 4 posterior implants
were the subjects of this study, while the 2 anterior implants will support the overdenture
in the future.

Once the surgical stent was in place, the clinical protocol began by removing the
mucous plug with a circular scalpel of equal outer diameter to the implant, and the drilling
sequence indicated by the guided surgery protocol was followed. The 6 implants (IPX-
4010_GALIMPLANT®, Sarria, Spain) were placed in the upper arch at a juxta-osseous level.
Implants were always placed in the same order: anterior to posterior, right to left.

The two anterior implants were allowed to heal with a standard healing abutment. In
the 4 posterior implants, the transepithelial abutments being studied were screwed with
a torque of 30 Nw. The 4 abutments intended for each patient were kept in a black bag.
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As the implants were placed, a box containing an abutment was selected blindly and the
abutment placed in each implant. Broad-spectrum antibiotics and anti-inflammatories were
prescribed for 5 days, and local application of Bexident Post ISDIN gel three times a day
for a week was recommended. During the same appointment, the removable prostheses
were adapted to the new conditions through the use of tissue conditioners, as a form of
provisional rehabilitation.

Patients were re-examined one week and one month after surgery; clinical measure-
ments and radiological images (orthopantomography) of the patients were obtained on the
day of the intervention and one month and two months after surgery. Biopsies, including
the implant and the abutment with the surrounding soft and hard tissues, were taken two
months after implant placement with the help of the modified surgical stent, a circular
scalpel and a Galimplant ® 5 mm inner diameter trephine burr. The samples were placed
in a 10% formaldehyde buffered solution, marked by the same member of the team and
labelled with a code known only to him. These samples were then deposited in the USAL
histology service.

Two months later, the 2 anterior implants were connected with a Galimplant® locator-
like accessory and the overdentures were refitted.

2.3. Variables/Data Acquisition

After removing the mucous plug, gingival mesial thickness was measured with a CP15
periodontal probe, from the bone level to the mucosal surface.

At the end of the surgery, various clinical measurements were taken: implant insertion
torque, implant stability quotient (ISQ, Osstell Mentor® Instrument, Bürmoos Austria),
buccal distance from the gingiva to the most coronal part of the abutment (CP15 probe)
and buccal attached gingiva (CP15 probe). A standardized orthopantomography was
taken to measure the distance from the bone level to the shoulder of each implant. During
the one-month clinical review, the following measurements were again taken in the same
standardized way: ISQ, distance from the gingiva to the most coronal part of the abutment
and attached gingiva. The radiograph was taken again to measure the distance from the
implant shoulder to bone level. At two months, ISQ, gingival mesial thickness, distance
from the gingiva to the most coronal part of the abutment, attached gingiva and radiological
measurements were performed again in the same way (Figure 2).

Figure 2. Timeline of stages performed.

2.4. Histological Processing

The samples were introduced in Eppendorf tubes submerged in formalin reduced to
10% and kept at 4◦ of refrigeration until their processing described below. The samples
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containing the implants were gradually dehydrated in ethanol solutions with increasing
concentrations from 70% to 100%. After dehydration, the samples were embedded in
methyl methacrylate resin as an undecalcified block. The samples were cut with a low-
speed microtome blade (Isomet, Bueher® lake bluff, Dusseldorf, Germany), parallel to the
implant axis, to obtain central sections. Sections were directly stained with Stevenel’s Blue
and van Gieson’s picrofuchsin, which stain mineralized bone in red and non-mineralized
matrix in blue [28].

Histological examination was performed with a Nikon Eclipse 90i microscope equipped
with a Nikon Sight DS-SMc digital camera (Nikon Instruments Inc., Melville, NY, USA).
Photographs of the stained histological sections were taken with a Zeiss KL 1500 electronic
loupe coupled to a Nikon DXm 1200 digital camera, giving a complete image of the implant
and surrounding tissues. Histomorphometric measurements were taken on three slices
per sample (Autodesk_AutoCAD 2019) with the help of a Nikon Eclipse 90i microscope to
distinguish the tissues correctly. Each slice was divided into two parts along the implant
axis and thus measurements were made on both sides. (Figure 3).

Figure 3. Diagram illustrating the landmarks for histomorphometric evaluation and the clinical
measures: IS, implant shoulder; B, most coronal bone-to-implant contact location; C, the top of the
alveolar crest; aJE, the apical border of the junctional epithelium; PM, the top of the margin of the
peri-implant mucosa; AG, attached gingiva; GT, gum thickness; AGD, abutment to gum distance.

2.5. Acquisition of Histological and Histomorphometric Variables/Data

Once strategic points were established on the loupe photograph, the various distances
between these points were measured for histomorphometric references: the height of the
epithelial sulcus, connective barrier, height of the junctional epithelium, distance from bone
level to the implant shoulder and height from bone level to the first bone-implant point of
contact. (Figure 3).

Histological parameters (collagen fiber density, the presence of inflammatory cells and
blood vessel density) were measured subjectively, establishing a four-tier system (absent,
mild/low, moderate, notable/high) to objectify the quantity or density in each sample.

The analysis of variance with post hoc Bonferroni correction was used to compare
quantitative variables among groups after checking the normal distribution of such vari-
ables. Chi-square tests were used to compare nominal variables across subgroups. Statistical
analysis was performed with SPSS statistics (IBM, Armonk, NY, USA). The significance
level (α) was set at 0.05.
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3. Results

Table 2 shows the result of the fractional analysis of the effect of morphology and
treatment of the abutment surface on the characteristics studied among the four groups of
abutments: slim machined (SM), slim anodized (SA), regular machined (RM) and regular
anodized (RA).

Table 2. Comparison by ANOVA of the effect of both abutment design (parallel vs. convergent) and
the surface type (anodized vs. machined) on the gingival tissue strata.

ABUTMENT DESIGN SURFACE TYPE

Aesthetic (Parallel Walls) Slim (Convergent Walls) Anodized Machined

TISULAR STRATA Mean SD Mean SD Mean SD Mean SD

Biological width (mm) 3.9 1.7 3.6 0.9 3.8 1.4 3.7 1.3

Epithelial sulcus depth (mm) * 0.8 a 0.6 0.4 b 0.3 0.6 a 0.4 0.6 a 0.6

Epithelium length (mm) 2.0 1.1 1.6 0.9 2.0 1.1 1.5 0.8

Connective tissue thickness (mm) 2.0 1.4 2.2 0.8 1.8 0.8 2.3 1.3

* Significant difference between groups after ANOVA. a,b Distinct uppercase letters indicate the subgroups are
significantly different after post hoc Bonferroni corrections.

With regards to the depth of the peri-implant sulcus, the depth was significantly
smaller around the 0.4 mm slim abutments compared to the 0.8 mm. The abutment
morphology seemed to be more significant than the surface treatment on the gingival
tissue configuration.

Table 3 compares collagen fiber density and the vascularization quantity between
both subgroups within the design and surface groups. Despite there not being significant
differences among the subgroups, the anodized abutments tended to be in contact with a
denser connective tissue (Chi2 = 3.15; p = 0.08). Additionally, higher vascularization was
observed within the slim transmucosal abutment in comparison with the so-called aesthetic
abutment, although this difference was not statistically different (Chi2 = 1.38; p = 0.24).

Table 3. Comparison by 2 × 2 chi-square tests of the effect of either abutment design (parallel vs.
convergent) or the surface type (anodized vs. machined) on the density and vascularization of the
gingival tissues.

HISTOLOGICAL
FINDINGS

ABUTMENT DESIGN SURFACE TYPE

AESTHETIC (PARALLEL WALLS) SLIM (CONVERGENT WALLS) ANODIZED MACHINED

N Percentage N Percentage N Percentage N Percentage

Low density 2 25.0% 2 14.3% 1 7.1% 3 37.5%

High density 6 75.0% 12 85.7% 13 92.9% 5 62.5%

Chi2 (p-value) Chi2 = 0.39 (p = 0.53) Chi2 = 3.15 (p = 0.08)

Low vascularization 7 87.5% 9 64.3% 10 71.4% 6 75.0%

High vascularization 2 12.5% 5 35.7% 4 28.6% 2 25.0%

Chi2 (p-value) Chi2 = 1.38 (p = 0.24) Chi2 = 0.03 (p = 0.86)

As can be seen in Table 4, there were no significant differences regarding the concen-
tration of inflammatory cells in the peri-implant soft tissues.
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Table 4. Comparison by 2 × 2 chi-square tests of the effect of either abutment design (parallel
vs. convergent) or the surface type (anodized vs. machined) on histological inflammation of the
peri-implant soft tissues.

Grade of
Inflammation *

ABUTMENT DESIGN SURFACE TYPE

AESTHETIC (PARALLEL WALLS) SLIM (CONVERGENT WALLS) ANODIZED MACHINED

N Percentage N Percentage N Percentage N Percentage

Low inflammation 5 62.5% 11 78.6% 11 78.6% 5 62.5%

High inflammation 3 37.5% 3 21.4% 3 21.4% 3 37.5%

Chi2 (p-value) Chi2 = 0.66 (p = 0.42) Chi2 = 0.66 (p = 0.42)

* The grade of inflammation was obtained by counting inflammatory cells during histomorphometric analysis.

The statistical results of the above variables can be presented as graphs of the variation
among groups, with each graph showing three times: T2 immediately after implantation,
T3 at one month after implantation and T4 at two months after implantation.

Table 5 presents the variation of the ISQ among the three times. Positive response
from the anodized slim abutments, as opposed to the other abutments, was observed after
2 months of implantation. This positive result can be initially awarded with validity in the
short term.

Table 5. ISQ values.

All (n = 40) SM (n = 10) SA (n = 10) RM (n = 10) RA (n = 10)

x SD x SD x SD x SD x SD

beginning 50.9 13.3 50.8 10.8 48.2 17 46.9 16 57.7 5.9

1 Month 45.3 12.0 43.8 11.3 42.4 12.8 43.9 12.8 51.0 10.7

2 Month 45.4 12.0 44.7 10.7 46.1 13.7 43.1 15.0 47.8 9.2

Development and change in the distance between the shoulder of the abutment and
the bone crest from the moment the implants were inserted until two months post-surgery
were observed. Observed values of the slim anodized (SA) and aesthetic machined (RM)
abutments were almost equal. When the reduced sample size and limited time elapsed are
taken into consideration, we can say that with regards to this variable (distance from the
abutment shoulder to the bone crest), there was no difference among the abutment groups
(Table 6).

Table 6. Distance from abutment shoulder to bone.

All (n = 40) SM (n = 10) SA (n = 10) RM (n = 10) RA (n = 10)

x SD x SD x SD x SD x SD

Beginning 3.2 1.3 3.6 1.05 3 1.05 2.7 1.05 3.5 1.8

1 Month 2.8 0.88 2.9 0.87 2.8 0.78 2.9 0.99 2.6 0.96

2 Month 3.05 0.71 2.7 0.48 3.2 0.91 3.2 0.42 3.1 0.87

The width and development of the attached keratinized gingival over the two-month
healing period from the moment of implantation to when samples were collected is shown
in Table 7.



Materials 2022, 15, 4422 9 of 16

Table 7. Attached keratinized gingival.

All (n = 40) SM (n = 10) SA (n = 10) RM (n = 10) RA (n = 10)

x SD x SD x SD x SD x SD

Beginning 5.03 3.1 4.9 3.7 4.8 2.9 5.2 1.6 5.2 3.9

1 Month 4.95 2.68 5.4 2.31 4.6 2.6 4.4 2.7 5.4 3.1

2 Month 4.53 2.85 5.2 3.6 4.3 2.3 3.8 2.2 4.8 3.2

Slim machined (SM) abutments showed a better response with regards to the re-
modeling of the attached gingiva, without significant differences among the four groups
(Table 7).

Table 8 shows the change in height of the peri-implant sulcus throughout the two-
month healing period. A significant development of the peri-implant groove was observed
around the aesthetic machined (RM) abutments, followed by the slim anodized (SA).

Table 8. Height of peri-implant sulcus.

All (n = 40) SM (n = 10) SA (n = 10) RM (n = 10) RA (n = 10)

x SD x SD x SD x SD x SD

Beginning 1.17 1.6 0.8 1.76 1.35 1.29 1.55 1.46 1 2.21

1 Month 2.3 2.1 2.0 2.7 2.9 1.9 2.3 1.8 1.9 1.9

2 Month 2.0 1.5 1.5 1.5 2.1 1.3 1.5 1.4 3 1.6

The magnitude of bone remodeling around the four abutment groups after 8 weeks of
implantation showed a notable maintenance of the bone level in the group of slim machined
(SM) abutments followed by the aesthetic anodized (RA) multi-position abutments with no
significant difference between the four groups.

It shows the effect of abutment design and surface treatment on the following variables:
the biological width, depth of the peri-implant sulcus, height of the epithelium and height
of the connective tissue.

With regards to biological width, both designs on both surfaces were shown to have
an approximately similar effect. Regular aesthetic abutments led to a greater depth of the
peri-implant sulcus than slim abutments, with the effects of surface treatment being similar.

A greater height of the epithelium within the sulcus was observed in the group of
anodized aesthetic abutments than in the other designs and surfaces.

With regards to the height of connective tissue within the peri-implant sulcus, both
morphological designs were shown to have a similar effect, while regarding surface treat-
ment, greater connective tissue height was observed in the machined abutments.

4. Discussion

The most influential characteristics associated with prosthetic abutments are morphol-
ogy and surface treatment and, therefore, a large part of the research has focused on these
two fields, as well as on the materials employed during their manufacture [28].

According to the traditional hypothesis, an increase in the roughness of the prosthetic
abutment surface facilitates the formation of biofilm, a negative situation which influences
clinical periodontal parameters [29].

Various authors support the hypothesis that peri-implant soft tissue connections
provide better results with a moderately rough surface. In reality, soft tissue integration
would, in the short term, be better with a roughened abutment surface [30,31]. This property
becomes less efficient in the long term due to intense biofilm growth. When compared to the
results of our study, this attributes greater importance to the design of the abutment (slim)
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and, secondly, smooth machined abutments gave better results with regards to peri-implant
soft tissue attachment.

Hall et al. [32] analyzed the surface of anodized titanium, revealing the existence of
antimicrobial properties which reduced microbial adherence to the abutments; this was in
contrast to the results of our study, where we found better attachment at both the epithelial
and connective levels in the non-anodized smooth titanium surface with an epithelium
height on the smooth machined surface of 1.52 mm and a connective tissue height of
2. mm, while on the anodized surface, epithelium and connective heights were 2.02 mm
and 1.74 mm, respectively.

Göthberg et al. [33] and Raes et al. [34] used an oxidized surface (Ti unite). Schwarz et al. [35]
modified the surface of an abutment, applying a collar with a height of 0.7 mm and forming
it with microgrooves, and compared it to a smooth titanium surface, finding no significant
difference between the groups. Garcia et al. [36] and Canullo et al. [27,28] modified the titanium
surface with argon plasma. In this type of treatment, it should be noted that the process does
not modify the topography of the titanium but instead causes activation at both the atomic and
molecular levels, thus increasing its wetting ability and preserving the surface integrity [37].
Such activation has been shown to accelerate the proliferation of peri-implant soft tissue
cells [38]. Mehl et al. [39], in a study on abutments made from various materials (tita-
nium, zirconium and lithium disilicate), stated that there is no significant difference in the
anatomy of the soft tissue, except for a greater length of the epithelium in the titanium
abutments when compared to zirconium.

Chien et al. [40] found a higher density of connective tissue arranged perpendicular to
microgrooved abutments than in the machined titanium control group, where they found
a lower density of collagen fibers, arranged parallel to the surface of the abutment and
accompanied by apical migration of the epithelium. This situation is contrary to the results
of our study, which found higher connective tissue density on the slim machined (SM)
abutments. With these results in mind, we may conclude that the influencing factor is
the morphology of the abutment rather than its surface treatment. Neiva et al. [41] and
Nevins et al. [42] found similar results in laser-treated grooved abutments.

In 2015 [43], a trend was reported of an increasing percentage of collagen fibers on the
surface of a modified abutment with a machined collar.

Secondly, authors could not demonstrate a difference in either quality or quantity between
the surface of smooth, machined, thermally treated titanium abutments and abutments with a
rough surface, concluding that peri-implant soft tissue attachment is unaffected by surface
roughness. This result coincides with the results of our study, where a higher quality of
soft-tissue attachment was found on a machined surface with another topography (slim) [6].
Teng et al. [44], in their study on polydopamine anodized and machined abutments, found no
significant differences with regards to peri-implant connections.

The use of non-isotropically modified surfaces, such as micro-grooved abutments, is
associated with a more coronal position in terms of peri-implant biological space, with
a considerable density of connective collagen fibers oriented perpendicular to the abut-
ment surface [34,36,40]. As for the shape of the abutments, the reduced platform has for
the moment been shown to play an important role in the stability of the supra-crestal
attachment of the peri-implant soft tissue, while concave transmucosal profiles have been
proposed to improve the stability of these attachments, where a higher density of connec-
tive tissue has been observed [10]. These results are in agreement with our study, which
found a high density of connective tissue in the slim (concave) abutments in 87.5% of the
samples analyzed.

In a study on the effect of abutment surface treatment, an analysis of local levels of
angiogenesis and osteoblastogenesis markers in peri-implant fluid during the initial phase
showed that the surface treatment employed was related to the levels of the aforementioned
markers [45].
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Others authors observed an increase in the proliferation of osteoblasts and bacterial
reduction on a surface treated with TiO2, with a positive effect on bone regeneration and
vascular neoformation [46].

A meta-analysis determined that peri-implant soft tissue is not affected by the treat-
ment of the abutment surface in the short term, a condition then reversed in the long term,
making the technique chosen for surface treatment important [27]. The conclusions of
Canullo L. are in agreement with the results of our study, where a notable positive change
was observed in the connective tissue of the peri-implant sulcus after 8 weeks following
the insertion of the abutment.

In another study, TiO2 received primary attention due to its high corrosion resistance,
biocompatibility, inertness, low gravity and lack magnetism, which gives it high prolifer-
ation, adhesion and mineralization. Additionally, the authors stated that modifying the
surface of TiO2 by grooves with a depth of 15–50 nanometers improves the above quali-
ties [47]. In the year 2009, in an in vivo study, it was shown that the multi-layer structure of
nanotubes on a TiO2 surface favors the adhesion of bone mesenchymal cells and osteoblasts
compared to an untreated TiO2 surface [48,49].

In an in vitro study, it was shown that the ideal thickness of the TiO2 surface topog-
raphy is 30–40 nm, a sufficient thickness to increase the cell transport load [50], whereas
J.A. Sorkin, 2014, proved in vivo that the required thickness of the surface tubes could be
reduced almost by half, thus improving conductivity and increasing surface area [51]. Sanz
Martín, 2017, on the subject of surface topography, stated that there is no significant differ-
ence with regards to bleeding at the time of probing when different abutment topologies
are considered. On the other hand, as for abutment material, a significant difference was
observed, favoring zirconium abutments compared to titanium ones [52].

Regarding the degree of bacterial accumulation, Iglhaut et al., 2014, stated that bacte-
rial colonization on the abutment surface and the implant–abutment interface increases
inflammatory infiltration, minimizing epithelial connections and in turn affecting bone
level [53], a statement that agrees with the results of Rompen’s in vivo study in 2012,
which stated that contamination of the abutment surface has a negative effect on soft tissue
integration [54].

In a study on abutments, it was stated that soft tissue attachment is influenced by
the degree of surface roughness and the method by which it is created, with potential
benefits on its integrity [55]. On the other hand, Iglhaut and Becker, in their 2013 study on
dogs, determined that the dimensions of the biological space are almost identical across
all abutment surfaces. The only variation was in the height of the epithelial connection
(machined titanium, 2.9 mm versus rough, 1.4–1.6 mm) [10]. These results agree with
those obtained in our clinical trial, with dimensions of 2.02 mm for the slim anodized
(SA) abutments with a surface treatment to create a rough surface, whereas the machined
aesthetic abutments in our study had a height of 1.52 mm, results which contrast with those
obtained by Iglhaut and Becker [10].

In a study on dogs, the authors found that abutments with micro-grooves are asso-
ciated with increased connective attachment height and less bone loss [56]. Our study, in
comparison, found higher connective tissue height with the machined surface, 2.3 mm,
whereas the tissue height on the anodized surface was 1.74 mm. The effect of abutment
morphology must be taken into consideration, as it is a factor of great influence on the
height of the biological space, especially in our study.

In vivo studies on humans compared conventional straight abutments with those
treated with micro-grooves at the implant shoulder, obtaining greater soft tissue height
with better marginal sealing without a noticeable effect on the bone [9,57].

Teughels et al., 2006, [29] in their study on humans, showed that the topography of
the abutment has no effect on bleeding during probing. No change was observed at the
bone level either, despite the hypothesis that the increased roughness of the abutment
surface accumulates more plaque with greater inflammation and bleeding [29]. Comparing
the results of Teughels et al. [29] with ours, and taking into account the hypothesis that
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roughness increases plaque and local inflammation, this study agrees with our results: that
smooth machined abutments showed a lower concentration of inflammatory cells of 21.4%
in the samples studied, while the anodized abutments had a concentration of 37.5% in the
samples. On the other hand, abutment morphology returned positive results favoring the
new slim design.

In a 2015 study on humans on the effect of plaque accumulation and peri-implant
inflammatory infiltration with regards to abutment material, it was stated that zirconium
showed less accumulation of bacterial plaque with a greater proliferation of fibroblasts
when compared to titanium [58]. In addition, the combination of the treatment of the
prosthetic accessories with the use of chlorhexidine can improve the biological behavior of
the tissues, favoring the peri-implant gingival structure [59].

With regards to abutment dimensions, an in vivo study on the effect of abutment
height and marginal bone loss (MBL) concluded that abutment height is related to MBL,
but not linearly, and therefore MBL is greater in the first 6 months of loading on the implant
and decreases at 12 months, concluding that the MBL ratio is greater with abutments
under 2 mm high [60]; whereas Qian et al., 2012, [60] in an in vivo study, stated that the
higher the abutment height, the greater the probability of pathogen retention, leading
to the increased depth of the peri-implant sulcus and to soft tissue inflammation [61].
Vervacke et al., 2014, [61] in an in vivo study on humans, observed an increased MBL with
short abutments due to the initial pressure from the thin mucosa [62].

On the shape of the abutment, in a systematic review on the relationship of keratinized
mucosa (KM) to abutment morphology, it was stated that concave abutments favor the
creation of KM compared to convex abutments (2.1 mm vs. 1.3 mm, respectively) [63].
These results agree with those of our study, where we found greater evolution of the
keratinized gingiva accompanying the concave slim abutments in comparison with the
convex regular aesthetic abutments, F3.

Many studies, including reviews, have used various different types of surface modifi-
cations; it should be noted that the vast majority were performed in vitro or on animals
and that, therefore, their results cannot be extrapolated to humans. The results of the
in vitro studies show great cell proliferation and adhesion on surfaces treated with vari-
ous techniques, confirming that surface roughness provides better properties. However,
human trials are difficult to carry out due to both ethical concerns and the need to sample
peri-implant gingival tissue from the abutment, in addition to the fact that, when carrying
out these studies, the samples obtained are relatively small and easily lost [64,65].

Schwarz et al. [55] showed that, according to the histological analysis of the samples
obtained from their studies on animals and humans, on the treated surfaces, the distribution
and position of the peri-implant connective tissue fibers was perpendicular to the abutment,
whereas epithelial connections were more coronal relative to the implant shoulder and thus
the peri-implant bone level was higher compared to the untreated abutments. In our study,
the difference between the two types of abutments was not significant, favoring the smooth
abutments [66]. These results may be attributed to differences in their topography.

Other studies have shown that patients with rough wide neck implants showed less
marginal bone loss and less probing depth, compared with rough narrow neck implants
placed in the molar-premolar region [67].

On the importance of hydrophilicity, Kim et al., 2015, found that hydrophilic surfaces
have a higher probability of cell adhesion compared to anodized surfaces [68], while
Xing et al., 2014, in their study on a titanium surface treated with organic acids, obtained a
surface with lower hydrophilicity and a greater proliferation of osteoblasts [52,69].

Finally, having reviewed the current situation on the subject of the effects of abutment
shape and surface treatment on dental implants, a higher percentage of in vivo studies on
humans are needed, since there are many factors which change and affect the results of the
variables under examination.
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A limitation of our study was the low volume of oral soft tissue of the patients, which
prevented a more exhaustive analysis of the abutments, since in most cases the treated
patients presented severe maxillary atrophy and consequently a reduced gingival volume.

5. Conclusions

Considering the effect of abutment morphology and surface treatment on dental
implants, and based on the results of our study on four types of titanium abutments
consisting of two shapes, regular (convex) and slim (concave), with two surface treatment
techniques, anodized (A) and smooth machined (M) without any type of treatment, we
conclude that the slim machined (SM) abutments gave significantly better results compared
to the other groups studied (SA, RM and RA) in relation to the variables studied (biological
width, dimensions and density of connective and epithelial attachment with infiltrations of
inflammatory cells in the area). These results were obtained in the short term (8 weeks),
which highlights the need for more long-term studies with a larger sample size, adopting
new surface treatment techniques with different distributions along the abutment, and
based on the latest research cited.

In conclusion, in addition to the above, more research is necessary on the treatment of
the surface of prosthetic abutments, considering the properties of the treated surface on
the adhesion of the biofilm and facilitating the good maintenance of hygiene in the area,
perpetuating the health of the soft tissue implant that is a key piece in prolonging the life of
the implant system.

Author Contributions: Conceptualization, I.D.-Z. and J.F.-F.; methodology, J.D.-Z. and J.M.M.; soft-
ware, L.B.-G.; validation, I.D.-Z.; formal analysis, J.M.M.; investigation, J.D.-Z., L.B.-G. and Y.G.-G.;
resources, J.D.-Z. and J.F.-F.; data curation, J.M.M.; writing—original draft preparation, J.D.-Z.;
writing—review and editing, J.F.-F.; visualization, I.D.-Z.; supervision, J.M.M.; project administration,
J.F.-F. All authors have read and agreed to the published version of the manuscript.

Funding: Expenses arising from the data processing and logistics were borne by Avances en Salud
Oral Group (Salamanca, Spain).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Ethics Committee of University of Salamanca
(June 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Buser, D.; Janner, S.F.M.; Wittneben, J.-G.; Brägger, U.; Ramseier, C.A.; Salvi, G.E. 10-Year Survival and Success Rates of 511

Titanium Implants with a Sandblasted and Acid-Etched Surface: A Retrospective Study in 303 Partially Edentulous Patients. Clin.
Implant Dent. Relat. Res. 2012, 14, 839–851. [CrossRef] [PubMed]

2. Gotfredsen, K. A 10-Year Prospective Study of Single Tooth Implants Placed in the Anterior Maxilla. Clin. Implant Dent. Relat. Res.
2009, 14, 80–87. [CrossRef] [PubMed]

3. Valente, N.A.; Andreana, S. Peri-implant disease: What we know and what we need to know. J. Periodontal Implant Sci. 2016, 46,
136–151. [CrossRef] [PubMed]

4. Karoussis, I.K.; Salvi, G.E.; Heitz-Mayfield, L.J.; Brägger, U.; Hämmerle, C.H.; Lang, N.P. Long-term implant prognosis in patients
with and without a history of chronic periodontitis: A 10-year prospective cohort study of the ITI® Dental Implant System. Clin.
Oral Implant. Res. 2003, 14, 329–339. [CrossRef] [PubMed]

5. Abrahamsson, I.; Berglundh, T.; Wennström, J.; Lindhe, J. The peri-implant hard and soft tissues at different implant systems. A
comparative study in the dog. Clin. Oral Implant. Res. 1996, 7, 212–219. [CrossRef]

6. Abrahamsson, I.; Zitzmann, N.U.; Berglundh, T.; Linder, E.; Wennerberg, A.; Lindhe, J. The mucosal attachment to titanium
implants with different surface characteristics: An experimental study in dogs. J. Clin. Periodontol. 2002, 29, 448–455. [CrossRef]

7. Schwarz, F.; Hegewald, A.; Becker, J. Impact of implant–abutment connection and positioning of the machined collar/microgap
on crestal bone level changes: A systematic review. Clin. Oral Implant. Res. 2013, 25, 417–425. [CrossRef]

http://doi.org/10.1111/j.1708-8208.2012.00456.x
http://www.ncbi.nlm.nih.gov/pubmed/22897683
http://doi.org/10.1111/j.1708-8208.2009.00231.x
http://www.ncbi.nlm.nih.gov/pubmed/19673954
http://doi.org/10.5051/jpis.2016.46.3.136
http://www.ncbi.nlm.nih.gov/pubmed/27382503
http://doi.org/10.1034/j.1600-0501.000.00934.x
http://www.ncbi.nlm.nih.gov/pubmed/12755783
http://doi.org/10.1034/j.1600-0501.1996.070303.x
http://doi.org/10.1034/j.1600-051X.2002.290510.x
http://doi.org/10.1111/clr.12215


Materials 2022, 15, 4422 14 of 16

8. Schwarz, F.; Sahm, N.; Becker, J. Impact of the outcome of guided bone regeneration in dehiscence-type defects on the long-term
stability of peri-implant health: Clinical observations at 4 years. Clin. Oral Implant. Res. 2011, 23, 191–196. [CrossRef]

9. Weinländer, M.; Lekovic, V.; Spadijer-Gostovic, S.; Milicic, B.; Wegscheider, W.A.; Piehslinger, E. Soft tissue development around
abutments with a circular macro-groove in healed sites of partially edentulous posterior maxillae and mandibles: A clinical pilot
study. Clin. Oral Implant. Res. 2010, 22, 743–752. [CrossRef]

10. Iglhaut, G.; Golubovic, V.; Becker, K.; Schliephake, H.; Mihatovic, I. The impact of dis-/reconnection of laser microgrooved and
machined implant abutments on soft-and hard-tissue healing. Clin. Oral Implant. Res. 2012, 24, 391–397. [CrossRef]

11. Rompen, E. The impact of the type and configuration of abutments and their (repeated) removal on the attachment level and
marginal bone. Eur. J. Oral Implant. 2012, 5, S83–S90.

12. Berglundh, T.; Abrahamsson, I.; Welander, M.; Lang, N.P.; Lindhe, J. Morphogenesis of the peri-implant mucosa: An experimental
study in dogs. Clin. Oral Implant. Res. 2007, 18, 1–8. [CrossRef] [PubMed]

13. Salvi, G.E.; Bosshardt, D.D.; Lang, N.P.; Abrahamsson, I.; Berglundh, T.; Lindhe, J.; Ivanovski, S.; Donos, N. Temporal sequence of
hard and soft tissue healing around titanium dental implants. Periodontology 2015, 68, 135–152. [CrossRef] [PubMed]

14. Sculean, A.; Gruber, R.; Bosshardt, D.D. Soft tissue wound healing around teeth and dental implants. J. Clin. Periodontol. 2014, 41
(Suppl. 15), S6–S22. [CrossRef]

15. Piattelli, A.; Pontes, A.E.; Degidi, M.; Iezzi, G. Histologic studies on osseointegration: Soft tissues response to implant surfaces
and components. A review. Dent. Mater. 2011, 27, 53–60. [CrossRef]

16. Canullo, L.; Genova, T.; Tallarico, M.; Gautier, G.; Mussano, F.; Botticelli, D. Plasma of Argon Affects the Earliest Biological
Response of Different Implant Surfaces: An In Vitro Comparative Study. J. Dent. Res. 2016, 95, 566–573. [CrossRef]

17. Susin, C.; Fiorini, T.; Lee, J.; De Stefano, J.A.; Dickinson, D.P.; Wikesjö, U.M.E. Wound healing following surgical and regenerative
periodontal therapy. Periodontology 2000 2015, 68, 83–98. [CrossRef]

18. Neoh, K.G.; Hu, X.; Zheng, D.; Kang, E.-T. Balancing osteoblast functions and bacterial adhesion on functionalized titanium
surfaces. Biomaterials 2012, 33, 2813–2822. [CrossRef]

19. Nevins, M.; Camelo, M.; Nevins, M.L.; Schupbach, P.; Kim, D.M. Reattachment of connective tissue fibers to a laser-microgrooved
abutment surface. Int. J. Periodontics Restor. Dent. 2012, 32, 131–134.

20. Shapoff, C.A.; Babushkin, J.A.; Wohl, D.J. Clinical Use of Laser-Microtextured Abutments: A Case Series. Int. J. Periodontics Restor.
Dent. 2016, 39, 655–662. [CrossRef]

21. Mariotti, A.; Hefti, A.F. Defining periodontal health. BMC Oral Health 2015, 15 (Suppl. 1), S6. [CrossRef] [PubMed]
22. Wennerberg, A.; Sennerby, L.; Kultje, C.; Lekholm, U. Some soft tissue characteristics at implant abutments with different surface

topography. J. Clin. Periodontol. 2003, 30, 88–94. [CrossRef] [PubMed]
23. Mangano, C.; Mangano, F.G.; Shibli, J.A.; Roth, L.A.; Addazio, G.D.; Piattelli, A.; Iezzi, G. Immunohistochemical Evaluation

of Peri-Implant Soft Tissues around Machined and Direct Metal Laser Sintered (DMLS) Healing Abutments in Humans. Int. J.
Environ. Res. Public Health 2018, 15, 1611. [CrossRef]

24. Singh, A.V.; Vyas, V.; Salve, T.S.; Cortelli, D.; Dellasega, D.; Podesta, A.; Milani, P.; Gade, W.N. Biofilm formation on nanostructured
titanium oxide surfaces and a micro/nanofabrication-based preventive strategy using colloidal lithography. Biofabrication 2012,
4, 025001. [CrossRef] [PubMed]

25. Chrcanovic, B.R.; Albrektsson, T.; Wennerberg, A. Reasons for failures of oral implants. J. Oral Rehabil. 2014, 41, 443–476.
[CrossRef] [PubMed]

26. Mishra, K.; Mds, C.P. Evaluation of change in implant abutment after teeth surface modifications. Bioinformation 2021, 17, 157–161.
[CrossRef]

27. Canullo, L.; Menini, M.; Santori, G.; Rakic, M.; Sculean, A.; Pesce, P. Titanium abutment surface modifications and peri-implant
tissue behavior: A systematic review and meta-analysis. Clin. Oral Investig. 2020, 24, 1113–1124. [CrossRef]

28. Maniatopoulos, C.; Rodriguez, A.; Deporter, D.A.; Melcher, A.H. An improved method for preparing histological sections of
metallic implants. Int. J. Oral Maxillofac. Implant. 1986, 1, 31–37.

29. Teughels, W.; Van Assche, N.; Sliepen, I.; Quirynen, M. Effect of material characteristics and/or surface topography on biofilm
development. Clin. Oral Implants Res. 2006, 17 (Suppl. 2), 68–81. [CrossRef]

30. Menini, M.; Dellepiane, E.; Baldi, D.; Longobardi, M.G.; Pera, P.; Izzotti, A. Microarray expression in peri-implant tissue next to
different titanium implant surfaces predicts clinical outcomes: A split-mouth study. Clin. Oral Implant. Res. 2016, 28, e121–e134.
[CrossRef]

31. Baldi, D.; Menini, M.; Pera, F.; Ravera, G.; Pera, P. Plaque accumulation on exposed titanium surfaces and peri-implant tissue
behavior. A preliminary 1-year clinical study. Int. J. Prosthodont. 2010, 22, 447–455.

32. Hall, J.; Neilands, J.; Davies, J.R.; Ekestubbe, A.; Friberg, B. A randomized, controlled, clinical study on a new titanium oxide
abutment surface for improved healing and soft tissue health. Clin. Implant Dent. Relat. Res. 2019, 21 (Suppl. 1), 55–68. [CrossRef]

33. Göthberg, C.; Gröndahl, K.; Omar, O.; Thomsen, P.; Slotte, C. Bone and soft tissue outcomes, risk factors, and complications of
implant-supported prostheses: 5-Years RCT with different abutment types and loading protocols. Clin. Implant Dent. Relat. Res.
2018, 20, 313–321. [CrossRef] [PubMed]

34. Raes, M.; D’Hondt, R.; Teughels, W.; Coucke, W.; Quirynen, M. A 5-year randomized clinical trial comparing minimally with
moderately rough implants in patients with severe periodontitis. J. Clin. Periodontol. 2018, 45, 711–720. [CrossRef] [PubMed]

http://doi.org/10.1111/j.1600-0501.2011.02214.x
http://doi.org/10.1111/j.1600-0501.2010.02054.x
http://doi.org/10.1111/clr.12040
http://doi.org/10.1111/j.1600-0501.2006.01380.x
http://www.ncbi.nlm.nih.gov/pubmed/17224016
http://doi.org/10.1111/prd.12054
http://www.ncbi.nlm.nih.gov/pubmed/25867984
http://doi.org/10.1111/jcpe.12206
http://doi.org/10.1016/j.dental.2010.10.019
http://doi.org/10.1177/0022034516629119
http://doi.org/10.1111/prd.12057
http://doi.org/10.1016/j.biomaterials.2012.01.018
http://doi.org/10.11607/prd.2854
http://doi.org/10.1186/1472-6831-15-S1-S6
http://www.ncbi.nlm.nih.gov/pubmed/26390888
http://doi.org/10.1034/j.1600-051X.2003.10026.x
http://www.ncbi.nlm.nih.gov/pubmed/12702116
http://doi.org/10.3390/ijerph15081611
http://doi.org/10.1088/1758-5082/4/2/025001
http://www.ncbi.nlm.nih.gov/pubmed/22406493
http://doi.org/10.1111/joor.12157
http://www.ncbi.nlm.nih.gov/pubmed/24612346
http://doi.org/10.6026/97320630017157
http://doi.org/10.1007/s00784-020-03210-x
http://doi.org/10.1111/j.1600-0501.2006.01353.x
http://doi.org/10.1111/clr.12943
http://doi.org/10.1111/cid.12749
http://doi.org/10.1111/cid.12587
http://www.ncbi.nlm.nih.gov/pubmed/29380510
http://doi.org/10.1111/jcpe.12901
http://www.ncbi.nlm.nih.gov/pubmed/29611221


Materials 2022, 15, 4422 15 of 16

35. Schwarz, F.; Becker, J.; Civale, S.; Hazar, D.; Iglhaut, T.; Iglhaut, G.; Sara, C. Onset, progression and resolution of experimental
peri-implant mucositis at different abutment surfaces: A randomized controlled two-centre study. J. Clin. Periodontol. 2018, 45,
471–483. [CrossRef]

36. Garcia, B.; Camacho, F.; Peñarrocha, D.; Tallarico, M.; Perez, S.; Canullo, L. Influence of plasma cleaning procedure on the
interaction between soft tissue and abutments: A randomized controlled histologic study. Clin. Oral Implant. Res. 2016, 28,
1269–1277. [CrossRef]

37. Canullo, L.; Tallarico, M.; Peñarrocha-Oltra, D.; Monje, A.; Wang, H.-L.; Peñarrocha-Diago, M. Implant Abutment Cleaning by
Plasma of Argon: 5-Year Follow-Up of a Randomized Controlled Trial. J. Periodontol. 2016, 87, 434–442. [CrossRef]

38. Canullo, L.; Tallarico, M.; Penarrocha, M.; Corrente, G.; Fiorellini, J.; Penarrocha, D. Plasma of Argon Cleaning Treatment on
Implant Abutments in Periodontally Healthy Patients: Six Years Postloading Results of a Randomized Controlled Trial. Int. J.
Periodontics Restor. Dent. 2017, 37, 683–690. [CrossRef]

39. Mehl, C.; Gaβling, V.; Schultz-Langerhans, S.; Açil, Y.; Bähr, T.; Wiltfang, J.; Kern, M. Influence of Four Different Abutment
Materials and the Adhesive Joint of Two-Piece Abutments on Cervical Implant Bone and Soft Tissue. Int. J. Oral Maxillofac.
Implant. 2016, 31, 1264–1272. [CrossRef]

40. Chien, H.-H.; Schroering, R.L.; Prasad, H.S.; Tatakis, D.N. Effects of a New Implant Abutment Design on Peri-Implant Soft
Tissues. J. Oral Implant. 2014, 40, 581–588. [CrossRef]

41. Neiva, R.; Tovar, N.; Jimbo, R.; Gil, L.F.; Goldberg, P.; Barbosa, J.P.; Lilin, T.; Coelho, P.G. The Effect of Laser-Etched Surface Design
on Soft Tissue Healing of Two Different Implant Abutment Systems: An Experimental Study in Dogs. Int. J. Periodontics Restor.
Dent. 2016, 36, 673–679. [CrossRef] [PubMed]

42. Nevins, M.; Kim, D.M.; Jun, S.-H.; Guze, K.; Schupbach, P.; Nevins, M.L. Histologic evidence of a connective tissue attachment to
laser microgrooved abutments: A canine study. Int. J. Periodontics Restor. Dent. 2010, 30, 245–255.

43. Liñares, A.; Munoz, F.; Permuy, M.; Dard, M.; Blanco, J. Soft tissue histomorphology at implants with a transmucosal modified
surface. A study in minipigs. Clin. Oral Implant. Res. 2015, 26, 996–1005. [CrossRef]

44. Teng, F.; Chen, H.; Xu, Y.; Liu, Y.; Ou, G. Polydopamine deposition with anodic oxidation for better connective tissue attachment
to transmucosal implants. J. Periodontal Res. 2018, 53, 222–231. [CrossRef]

45. Gehrke, S.A.; Neto, U.T.D.S. Evaluation of the Surface Treatment on Bone Healing in a Transmucosal 1-mm Area of Implant
Abutment: An Experimental Study in the Rabbit Tibia. Clin. Implant Dent. Relat. Res. 2015, 18, 489–497. [CrossRef]

46. Bhardwaj, G.; Webster, T.J. Reduced bacterial growth and increased osteoblast proliferation on titanium with a nanophase TiO2
surface treatment. Int. J. Nanomed. 2017, 12, 363–369. [CrossRef]

47. Khudhair, D.; Bhatti, A.; Li, Y.; Hamedani, H.A.; Garmestani, H.; Hodgson, P.; Nahavandi, S. Anodization parameters influencing
the morphology and electrical properties of TiO 2 nanotubes for living cell interfacing and investigations. Mater. Sci. Eng. C 2016,
59, 1125–1142. [CrossRef]

48. Chiang, C.-Y.; Chiou, S.-H.; Yang, W.-E.; Hsu, M.-L.; Yung, M.-C.; Tsai, M.-L.; Chen, L.-K.; Huang, H.-H. Formation of TiO2
nano-network on titanium surface increases the human cell growth. Dent. Mater. 2009, 25, 1022–1029. [CrossRef]

49. Sun, L.; Zhang, S.; Sun, X.; He, X. Effect of the geometry of the anodized titania nanotube array on the performance of
dye-sensitized solar cells. J. Nanosci. Nanotechnol. 2010, 10, 4551–4561. [CrossRef]

50. Pu, P.; Cachet, H.; Ngaboyamahina, E.; Sutter, E.M.M. Relation between morphology and conductivity in TiO2 nanotube arrays:
An electrochemical impedance spectrometric investigation. J. Solid State Electrochem. 2012, 17, 817–828. [CrossRef]

51. Sorkin, J.A.; Hughes, S.; Soares, P.; Popat, K.C. Titania nanotube arrays as interfaces for neural prostheses. Mater. Sci. Eng. C 2015,
49, 735–745. [CrossRef] [PubMed]

52. Sanz-Martín, I.; Sanz-Sánchez, I.; Carrillo de Albornoz, A.; Figuero, E.; Sanz, M. Effects of modified abutment characteristics on
peri-implant soft tissue health: A systematic review and meta-analysis. Clin. Oral Implant. Res. 2018, 29, 118–129. [CrossRef]

53. Iglhaut, G.; Schwarz, F.; Winter, R.R.; Mihatovic, I.; Stimmelmayr, M.; Schliephake, H. Epithelial Attachment and Downgrowth on
Dental Implant Abutments-A Comprehensive Review. J. Esthet. Restor. Dent. 2014, 26, 324–331. [CrossRef]

54. Schwarz, F.; Mihatovic, I.; Becker, J.; Bormann, K.H.; Keeve, P.L.; Friedmann, A. Histological evaluation of different abutments in
the posterior maxilla and mandible: An experimental study in humans. J. Clin. Periodontol. 2013, 40, 807–815. [CrossRef]

55. Kim, S.; Oh, K.-C.; Han, D.-H.; Heo, S.-J.; Ryu, I.-C.; Kwon, J.-H.; Han, C.-H. Influence of transmucosal designs of three one-piece
implant systems on early tissue responses: A histometric study in beagle dogs. Int. J. Oral Maxillofac. Implant. 2010, 25, 309–314.

56. Patil, R.C.; Hartog, L.D.; Van Heereveld, C.; Jagdale, A.; Dilbaghi, A.; Cune, M.S. Comparison of Two Different Abutment Designs
on Marginal Bone Loss and Soft Tissue Development. Int. J. Oral Maxillofac. Implant. 2014, 29, 675–681. [CrossRef]

57. Nothdurft, F.P.; Fontana, D.; Ruppenthal, S.; May, A.; Aktas, C.; Mehraein, Y.; Lipp, P.; Kaestner, L. Differential Behavior of
Fibroblasts and Epithelial Cells on Structured Implant Abutment Materials: A Comparison of Materials and Surface Topographies.
Clin. Implant Dent. Relat. Res. 2014, 17, 1237–1249. [CrossRef]

58. Calderini, A.; Pantaleo, G.; Rossi, A.; Gazzolo, D.; Polizzi, E. Adjunctive effect of chlorhexidine antiseptics in mechanical
periodontal treatment: First results of a preliminary case series. Int. J. Dent. Hyg. 2012, 11, 180–185. [CrossRef]

59. Galindo-Moreno, P.; León-Cano, A.; Ortega-Oller, I.; Monje, A.; Suárez, F.; Óvalle, F.; Spinato, S.; Catena, A. Prosthetic Abutment
Height is a Key Factor in Peri-implant Marginal Bone Loss. J. Dent. Res. 2014, 93 (Suppl. 7), 80S–85S. [CrossRef]

60. Qian, J.; Wennerberg, A.; Albrektsson, T. Reasons for Marginal Bone Loss around Oral Implants. Clin. Implant Dent. Relat. Res.
2012, 14, 792–807. [CrossRef]

http://doi.org/10.1111/jcpe.12868
http://doi.org/10.1111/clr.12953
http://doi.org/10.1902/jop.2015.150549
http://doi.org/10.11607/prd.3079
http://doi.org/10.11607/jomi.5321
http://doi.org/10.1563/AAID-JOI-D-12-00313
http://doi.org/10.11607/prd.2940
http://www.ncbi.nlm.nih.gov/pubmed/27560671
http://doi.org/10.1111/clr.12417
http://doi.org/10.1111/jre.12509
http://doi.org/10.1111/cid.12332
http://doi.org/10.2147/IJN.S116105
http://doi.org/10.1016/j.msec.2015.10.042
http://doi.org/10.1016/j.dental.2009.03.001
http://doi.org/10.1166/jnn.2010.1695
http://doi.org/10.1007/s10008-012-1931-0
http://doi.org/10.1016/j.msec.2015.01.077
http://www.ncbi.nlm.nih.gov/pubmed/25687003
http://doi.org/10.1111/clr.13097
http://doi.org/10.1111/jerd.12097
http://doi.org/10.1111/jcpe.12115
http://doi.org/10.11607/jomi.3363
http://doi.org/10.1111/cid.12253
http://doi.org/10.1111/idh.12009
http://doi.org/10.1177/0022034513519800
http://doi.org/10.1111/cid.12014


Materials 2022, 15, 4422 16 of 16

61. Vervaeke, S.; Dierens, M.; Besseler, J.; De Bruyn, H. The Influence of Initial Soft Tissue Thickness on Peri-Implant Bone Remodeling.
Clin. Implant Dent. Relat. Res. 2012, 16, 238–247. [CrossRef]

62. Moraschini, V.; Luz, D.; Velloso, G.; Barboza, E. Quality assessment of systematic reviews of the significance of keratinized
mucosa on implant health. Int. J. Oral Maxillofac. Surg. 2017, 46, 774–781. [CrossRef] [PubMed]

63. Geurs, N.C.; Geisinger, M.L.; Vassilopoulos, P.J.; O’Neal, S.J.; Haigh, S.J.; Reddy, M.S. Optimizing Connective Tissue Integration
on Laser-Ablated Implant Abutments. Clin. Adv. Periodontics 2016, 6, 153–159. [CrossRef] [PubMed]

64. López-Valverde, N.; Flores-Fraile, J.; Ramírez, J.M.; De Sousa, B.M.; Herrero-Hernández, S.; López-Valverde, A. Bioactive Surfaces
vs. Conventional Surfaces in Titanium Dental Implants: A Comparative Systematic Review. J. Clin. Med. 2020, 9, 2047. [CrossRef]
[PubMed]

65. Casula, L.; Gillone, A.; Musu, D. Peri-Implant Tissue Adaptation after Implant Rehabilitation with Shoulderless Abutments with
24 Months of Follow-Up. Case Rep. Dent. 2021, 2021, 6689446. [CrossRef] [PubMed]

66. Montemezzi, P.; Ferrini, F.; Pantaleo, G.; Gherlone, E.; Capparè, P. Dental Implants with Different Neck Design: A Prospective
Clinical Comparative Study with 2-Year Follow-Up. Materials 2020, 13, 1029. [CrossRef]

67. Kim, Y.-S.; Shin, S.-Y.; Moon, S.-K.; Yang, S.-M. Surface properties correlated with the human gingival fibroblasts attachment on
various materials for implant abutments: A multiple regression analysis. Acta Odontol. Scand. 2014, 73, 38–47. [CrossRef]

68. Assaf, A.; Saad, M.; Hijawi, S. Use of narrow-diameter implants in the posterior segments of the jaws: A retrospective observational
study of 2 to 11 years. J. Prosthet. Dent. 2022. [CrossRef]

69. Xing, R.; Salou, L.; Taxt-Lamolle, S.; Reseland, J.E.; Lyngstadaas, S.P.; Haugen, H.J. Surface hydride on titanium by cathodic
polarization promotes human gingival fibroblast growth. J. Biomed. Mater. Res. Part A 2013, 102, 1389–1398. [CrossRef]

http://doi.org/10.1111/j.1708-8208.2012.00474.x
http://doi.org/10.1016/j.ijom.2017.02.1274
http://www.ncbi.nlm.nih.gov/pubmed/28292550
http://doi.org/10.1902/cap.2016.150068
http://www.ncbi.nlm.nih.gov/pubmed/31535464
http://doi.org/10.3390/jcm9072047
http://www.ncbi.nlm.nih.gov/pubmed/32610687
http://doi.org/10.1155/2021/6689446
http://www.ncbi.nlm.nih.gov/pubmed/33505732
http://doi.org/10.3390/ma13051029
http://doi.org/10.3109/00016357.2014.949845
http://doi.org/10.1016/j.prosdent.2022.01.017
http://doi.org/10.1002/jbm.a.34819

	Introduction 
	Materials and Methods 
	Patients and Subgroups 
	Protocol 
	Variables/Data Acquisition 
	Histological Processing 
	Acquisition of Histological and Histomorphometric Variables/Data 

	Results 
	Discussion 
	Conclusions 
	References

