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ABSTRACT

Background: The peri-implant soft tissue integration is critical to maintain peri-implant health and the long-term success of
dental implant rehabilitations.

Aim: This comparative histomorphometry study aims to characterize the peri-implant soft tissues (PIST) around experimental
abutments made of titanium (Ti), dental resin (Re), and polyetheretherketone (PEEK).

Methods: Thirty bone-level implants were placed, each receiving an experimental transmucosal healing abutment made of one
of the three materials. After an 8-week healing period, the abutments and surrounding tissues were harvested and prepared for
histological and histomorphometric analyses. Dimensions of sulcus depth, epithelial and connective tissue adhesion were meas-
ured. In addition, the abutment surface characteristics, levels of inflammation, plaque accumulation, and peri-implant bone level
changes were evaluated.

Results: The dimensions of the different components of the PIST were comparable across the three experimental groups. The
mean overall dimensions of the PIST were 2.68 +0.51 mm for Ti, 2.66 +0.47mm for Re, and 2.32+0.55mm for PEEK. Mean
sulcus depth was 0.71+0.69mm for Ti, 0.74+0.50mm for Re, and 0.68 +0.63mm for PEEK. Mean junctional epithelium was
1.82+0.67mm for Ti, 1.56 +0.47mm for Re, and 1.53 +0.40mm for PEEK. Mean harvested connective tissue (until abutment
platform) was 0.30+£0.29 mm for Ti, 0.36+0.38 mm for Re, and 0.09+£0.10mm for PEEK. However, the resin group exhibited
significantly more supramucosal biofilm adhesion (p =0.026).

Conclusion: The PIST around abutments made of PEEK, resin, or titanium tend to develop in a similar pattern. However, longer
observation periods are required to evaluate the long-term effects.

© 2025 Wiley Periodicals LLC.
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1 | Introduction

Mucosal integration, the interface between soft tissues and
the transmucosal implant components, plays a critical role
in maintaining long-term implant health by providing a seal
against bacterial colonization [1-3]. The peri-implant supra-
crestal soft tissues consist of sulcus, junctional epithelium,
and connective tissue, with a typical total height of approxi-
mately 4 mm [4-6].

Complete soft tissue healing around the transmucosal compo-
nent is typically achieved within - 8 weeks following implant
placement [7-10]. In contrast to natural teeth, where collagen
Sharpey's fibers are anchored tightly and perpendicularly to
the root surface, the collagen fibers within the implant supra-
crestal complex are oriented parallel or circumferentially to the
implant surface and display a more fragile adhesion. This ana-
tomical arrangement renders the peri-implant soft tissue inter-
face more susceptible to bacterial infiltration and mechanical
disruption [3, 11].

Several factors influence the peri-implant soft tissue integra-
tion, including the amount of keratinized mucosa, mucosal
phenotype, and environmental factors such as smoking [12].
Other features of the transmucosal components, such as de-
sign [13-15], surface characteristics [16], and manipulations
[17], as well as material [18] were also suggested to influence
the peri-implant soft tissue interface [19]. In the era of imme-
diacy, an increasing number of temporary materials for pro-
visional crowns and/or anatomical abutments are used in the
transmucosal portion [20-22]. Particularly, resin is often used
for provisional crowns, and PEEK (polyetheretherketone) can
be used as provisional socket sealing abutments (SSA) [23, 24|
or definitive restorations [25]. The use of resin remains contro-
versial due to potential long-term cytotoxicity [26]. However,
some authors demonstrated that, in vitro, resin exhibits sim-
ilar fibroblast attachment and proliferation patterns to tita-
nium [27] as well as comparable fibroblast proliferation rates
reported on different types of resin BisGMA-TEGDMA /bioac-
tive glass (BAG) composites [28].

PEEK has been shown to promote higher fibroblast viabil-
ity, adhesion, and proliferation compared to titanium [29].
Preclinical studies have also observed similar histological
peri-implant soft tissue integration between resin-based and
titanium abutments [30, 31]. However, in these minipig mod-
els, a high proportion (>95%) of epithelial adhesion and less
connective tissue (CT) interface (less than 5%) was found
when compared to data reported in other preclinical studies
in which 30%-50% of the soft tissue interface was a CT inter-
face [32, 33]. In a preclinical study comparing PEEK to Ti, Rea
and coworkers observed comparable PIST dimensions, rang-
ing from 3.2 to 4.2mm, with a mean CT interface of 1.2mm
and 1.7 mm, respectively, for Ti and PEEK [18]. Nevertheless,
the authors suggest that preclinical models might be more bio-
tolerant than humans [31]. On the other side, Caballé-Serrano
identified multinucleated giant cells more frequently associ-
ated with PEEK abutments than on titanium [34].

In order to identify if this in vitro and preclinical data can be
translated into clinical practice, our group recently explored

the host-related response to titanium, resin, and PEEK.
Compared to the Ti and PEEK groups, Re abutments re-
vealed a higher infiltration of macrophages in the connective
tissue (p=0.04) and neutrophils in the adjacent epithelium
(p=0.03). In the Re abutments, peri-implant bone remodel-
ing was higher compared to the other groups (p=0.01) [35].
Milinkovic et al. observed greater inflammation with PEEK
abutments compared to titanium abutments [36]. In contrast,
in the study of Enkling, neutrophil cell counts on PEEK abut-
ments were slightly lower compared to titanium abutments
[37]. While the PIST dimension on humans has been explored
on titanium abutments [6, 38, 39], to our knowledge, it has
never been explored on resin or PEEK.

A recent EAO consensus report emphasized the need for further
research into the specific biological interaction between abut-
ment material and the soft tissues [19]. Particularly, a limited
number of studies have focused on the biological impact of tem-
porary materials such as resin and PEEK on their surrounding
soft tissues.

Thus, the primary aim of this study was to investigate, in hu-
mans, the peri-implant supra-crestal soft tissue characteristics
and their interface with different transmucosal materials (Ti,
Re, and PEEK) with histology. Additionally, peri-implant soft
tissue inflammation, plaque accumulation, and radiographic
peri-implant bone levels were assessed.

2 | Material and Methods
2.1 | Study Design

The study was approved by the Ethical Committee of
the University of Liege, Belgium under the number
N°B707201628072; was registered on clinicaltrials.gov under
number: NCT05843526; and was performed according to
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines and European Medicines Guidelines for Good Clinical
Practice.

This study was designed as an experimental human trial
aimed at studying the histological interface between peri-
implant soft tissue and three implant abutment materials:
grade 5 titanium (Ti), resin (Re) (Optibond FL, Kerr Dental),
and polyetheretherketone (PEEK). The primary endpoint was
the histometric measurements of the different components of
the peri-implant supra crestal soft tissue (sulcus, junctional
epithelium and connective interface). The secondary objective
was to investigate the presence of biofilm on the transmucosal
component and the level of inflammation in the supra crestal
peri-implant soft tissue.

Thirty bone-level implants (Institut Straumann AG, Basel,
Switzerland) were placed with abutments being randomly al-
located to the three materials (Ti, Re, or PEEK). Each patient
could receive a maximum of two experimental abutments of
different materials. Experimental abutments, together with
a biopsy of the surrounding tissues, were removed 8 weeks
after implant placement, allowing for PMMA histological
analyses. X-rays were performed at baseline and just before
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FIGURE1 | Study design flowchart.

abutment removal. The study design flowchart is represented
in Figure 1.

2.2 | Abutment Design and Manufacturing

Experimental CAD-CAM abutments were manufactured by the
Proscan company (Zonhoven, Belgium) according to a design
validated in a previous study [40]. Abutments were milled in
Titanium (grade 5 titanium) and PEEK (polyetheretherketone)
blocks (Figure 2). The resin experimental abutments were ob-
tained by sandblasting the Ti abutment and covering it with
resin (Optibond FL, Kerr Dental). The anatomical design of the
experimental abutments was specifically developed to allow gin-
gival tissue harvesting using a 4.5mm diameter biopsy punch,
resulting in a tissue ring approximately 1 mm in thickness. The
horizontal platform diameter of the abutments was 3.8 mm, and
the screw channel diameter was 2.7 mm.

2.3 | Abutment Surface Characterization

Surface morphology of the experimental abutments was eval-
uated on three components of each kind at the Oral Research
Laboratory, Institute of Clinical Dentistry, Faculty of Dentistry,
University of Oslo, Norway. Samples were mounted on alumi-
num stubs with conductive carbon tape and for PEEK and resin
coated with gold (Cressington 108 Auto, Cressington Scientific
Instruments, Watford, UK) and analyzed with an analytical
benchtop scanning electron microscope (TM3030, Hitachi
High-Technologies Europe GmbH, Krefeld, Germany). Images
were taken with an accelerating voltage of 15kV. An S Neox op-
tical profiler (Sensofar, Spain) controlled with the SensoSCAN
6.3 software (Sensofar, Spain) was used to perform the profilo-
metry. Samples were imaged with an EPI 50X objective using
the confocal mode at six random non-overlapping positions
with an area of 350.88x264.19um? (1360x 1024 px). Surface

Abutments removal & biopsies

I

Histology

parameters were obtained from image analysis and processing
was done using SensoMap Standard 7.3 (Sensofar, Digital Surf’s
Mountains Technology, Spain). Topographical assessment of the
abutments was performed by optical profilometry. The scanned
images were flattened by subtraction, and the cylindrical form
of the abutments was corrected before the images were numer-
ically processed and the topographical parameters were ob-
tained. The average surface roughness (S,), root mean square
roughness (S q), the kurtosis (S, ) equivalent to the sharpness of
the roughness profile, the skewness (S, ) representing the as-
perity, and the developed interfacial area ratio (S,,) associated
with the surface texture were measured. In addition, scanning
electron microscopy (SEM) (TM3030, Hitachi, Germany) exam-
ined the surface morphology. The acceleration voltage was set at
15kV, and images were taken at 5000 magnification.

2.4 | Inclusion and Exclusion Criteria

All patients scheduled for the placement of one or two implants
in the posterior area of the maxilla or the mandible from May
2019 to May 2021 were invited to participate in this study.
Patients signed an informed consent and were enrolled if they
met the following criteria: patients aged 18 or over, one or more
missing teeth in the maxillary or mandible area, seeking implant
therapy, in good systemic health (ASA I/1I), absence of contrain-
dications for oral surgical interventions, and a full mouth plaque
score (FMPT) lower than or equal to 25%.

The tooth at the implant site(s) must have been extracted at
least 12weeks prior to implantation. The bucco-lingual di-
mension of the keratinized mucosa must be at least 3mm. The
available bone volume must permit the placement of an im-
plant with a diameter of 4.1 mm. Patients were not enrolled
in case of any of the following exclusion criteria: autoimmune
disease requiring medical treatment, medical conditions re-
quiring prolonged use of steroids, use of bisphosphonates and
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FIGURE2 | Experimental abutments. titanium (a), resin (b), and PEEK (c), anatomy of the experimental abutment (d), occlusal view after 8 weeks
of healing (e), peri-implant mucosal biopsy after the use of punch device (f), screw-retained abutment in place (g), harvested biopsy on experimental

abutment (h).

denosumab intravenously or in oral use, current pregnancy or
breastfeeding women, alcoholism or chronic drug abuse, im-
munocompromised patients, uncontrolled diabetes, smokers,
implant diameter under 4mm (narrow implant), or local or
systemic infection. The site was excluded if it was previously
treated with socket preservation techniques, presented un-
treated local inflammation, mucosal diseases, or oral lesions,
had a history of local irradiation therapy, or had a persistent
intraoral infection.

2.5 | Surgical Procedure

After local anesthesia (Articaine, Septanest 40 mg/mL adrena-
line 1/100,000), incision for a miniflap and flap elevation was
performed in the treatment site. The decision for the flap ele-
vation technique was related to the surgeon's preference and
site condition. The implantation procedure was performed ac-
cording to the protocol provided by the manufacturer. A bone-
level implant of 4.1 mm or 4.8 mm in diameter (Bone level SLA,
Roxolid, Straumann Group, Basel, Switzerland) was placed one
millimeter under bone level with an insertion torque of at least
15N/cm. An experimental abutment was randomly allocated,
placed in a non-submerged approach, and tightened at 10 Ncm.
When needed, a simple interrupted suture with resorbable

materials was performed directly after abutment placement, and
the abutment screw channel was filled with Teflon and closed
with composite (Telio, Ivoclar Vivadent, Ellwangen, Germany).
A standard periapical x-ray was taken using the parallel tech-
nique. Regarding post-surgical care, patients were advised to
use a mouthwash with 0.2% chlorhexidine for 10days and an-
algesics (ibuprofen 400mg, up to 4/d) if necessary. They were
instructed to avoid brushing on the implant site for 1 week after
surgery and to start standard hygiene procedures at 10days
when sutures were removed.

2.6 | Harvesting Procedure

After a healing period of 8 weeks, composite and Teflon were
removed to access the screw channel, then a custom-made
guide was placed on the experimental abutment. A local an-
esthesia was performed, and a punch biopsy device of 4.5 mm
in diameter was used to harvest a mucosal ring of about 1 mm
in thickness around the experimental abutment. The custom-
made guide was unscrewed, and a burr was used to mark
the buccal aspect of the abutment. The abutment and the
surrounding soft tissues were then harvested together. The
abutment and the attached peri-implant soft tissue were then
harvested as a single unit. The punch device was designed
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to cut precisely to the bone crest level, minimizing trauma
to deeper tissues, and a microblade was used to cut the re-
maining tissue adherent to the bone. Samples in which the
gingival ring detached during harvesting were excluded. It
was directly placed in a 4% formaldehyde solution and trans-
ferred to a PBS solution after 24h. The implant screw chan-
nel was rinsed with a saline solution, and a transmucosal
abutment (SRA, Straumann Group, Basel, Switzerland) or a
conventional healing abutment was placed. No sutures were
performed (Figure 2).

2.7 | Sample Preparation

The samples were processed for histology and histomorphom-
etry using the fracture technique, which allows the analyses
of implant/soft interface at the Robert K. Schenk Laboratory of
Oral Histology, School of Dental Medicine, University of Bern,
Switzerland. The samples were dehydrated in graded series of
ethanol followed by xylene. They were then embedded with
polymethylmethacrylate.

The abutments were cut with a diamond-coated saw (VC-50,
Leco) in the apico-coronal direction from mesial to distal di-
rection, and a second cut was performed from vestibular to
lingual direction. A total of 120 ground sections (4 per abut-
ment) were available for analyses. The sections were ground to
a final thickness of 150 um (Pedemax-2, Struers) and stained
with Toluidine Blue-Fuchsin (Figure 3). The sections were
scanned at high resolution with a Zeiss microscope (Axio
Imager. M2, Zeiss).

2.8 | Histomorphometric Analyses

Histometric measurements were performed to determine the
dimensions of each structure of the PIST. The total height of
the PIST was defined as: the sulcus, the junctional epithelium,
and the connective tissue. The sulcus depth (S) was measured
as the distance between the peri-implant mucosal margin
(PIM) to the coronal end of junctional epithelium (cJE); the
epithelial adhesion (EA) was measured as the distance be-
tween cJE and aJE (apical end of the visible epithelium) and
the connective tissue attachment was measured as the dis-
tance between the APF (abutment platform) to aJE (Figure 4).
Due to the harvesting method, a missing part of the connec-
tive tissue apical to the abutment shoulder and adherent to the
bone was not reported. The measure of the connective tissue
concerned only the portion adherent to the abutment. These
measurements were carried out by using image analysis soft-
ware (ZEN pro 2012, Zeiss).

2.9 | Descriptive and Semi-Quantitative
Histological Analysis

Descriptive histological examination of each sample was per-
formed to assess supra and/or submucosal biofilm on the mesial,
distal, vestibular, and lingual surfaces. Quantification of biofilm

FIGURE 3 | Ground sections of the three experimental abutments.
(a) Titanium, (al) magnification of epithelial adhesion (x4120), (a2)
magnification of the apical part of the abutment x4120. (b) Resin (notice
the supra layer of resin) (b1) magnification of epithelial adhesion x3990,
(b2) magnification of the apical part of the abutment x3990. (c) PEEK,
(c1) magnification of epithelial adhesion x3990, (c2) magnification of
the apical part of the abutment x3290.

adhesion in a binary manner was conducted using image anal-
ysis software (ZEN pro 2012, Zeiss). The degree of inflamma-
tion was evaluated based on the appearance of peri-implant
soft tissues observed in the sample images. The assessment was
performed according to the following scale (index): 0 =normal,
1=Ilow local infiltration of inflammatory cells, 2=1Iarger infil-
tration area and/or more pronounced infiltration, 3=Iarge in-
filtration area, severe inflammatory signs, and advanced tissue
damage and/or pus.
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FIGURE 5 | Standardized radiography procedure: (a) after surgery and placement of the experimental abutment, (b) at the 8 weeks control, and

(c) at the 3months control after crown placement.

2.10 | Radiographic Analyses

The evaluation of peri-implant bone levels was conducted at
baseline and 8weeks later, based on periapical radiography
(Figure 5). This assessment was carried out by two independent
evaluators (postgraduate students in Periodontology). Prior to
conducting the radiographic evaluations, these evaluators en-
gaged in two calibration sessions spaced 1 week apart, with the
resultant measurements subsequently undergoing thorough dis-
cussion. The radiographic images were acquired using the non-
standardized parallel technique and a phosphor plate receptor.
Subsequent calibration of these radiographs was achieved by
employing the software Image FIJI [41], utilizing the known
distance between implant threads for reference. Using the same
software, the linear distance from the implant shoulder to the
initial point of bone-to-implant contact (DIB, in millimeters)
was measured on both the mesial and distal sides of bone-level
implants [42]. The average of these mesial and distal measure-
ments was then recorded as the final DIB value. Additionally, the
radiographic measurements of peri-implant bone changes were
evaluated using the Intraclass Correlation Coefficient (ICC).

2.11 | Statistics

A power calculation (PASS 2019) showed that, with 10 implants in
each material group (total 30 implants), an effect size of 0.60 for the
length of the PIST could be discerned between groups by applying
one-way analysis of variance; and assuming homogeneity of the
group variances, a significance level of 5% and a power of 80%.

The 30 implants were randomized to the three materials (Ti,
Re and PEEK) by 10 permuted blocks of size 3, assuming one
implant per patient. At the end, there were 10 implants Ti, 10
implants Re, and 10 implants PEEK. The randomization was
performed with R. Since a couple of patients had two implants,
the two implants were necessarily allocated to different mate-
rials. This might have induced some correlation between mea-
surements of the implants within the same patient.

Results were expressed as mean + standard deviation (SD) for
quantitative variables and as frequency tables for categorical
findings. Group mean values were compared by one-way anal-
ysis of variance followed by Tukey's multiple comparisons
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TABLE1 | Profilometry characteristics.

Total Titanium Resin Peek 4]
Number of implants 9 3 3 3
Sa (um) 0.39+£0.12 0.20£0.06 0.54+0.08 <0.0001
Sq (um) 0.49+£0.15 0.25+£0.07 0.67+0.10 <0.0001
Sku 2.54+0.37 5.22+1.21 3.22+0.40 <0.0001
Ssk 0.36x0.26 0.69+0.23 —-0.20x£0.24 <0.0001
Sdr (%) 2.06+1.47 1.78+0.87 2.18+0.73 <0.0001
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FIGURE 6 | SEM analyses (5.0k) and comparative profilometry representing mean data of 6 analyzed points on each experimental abutment (3

Titanium, 3 Resin, and 3 PEEK) in terms of Sq, Sy S and S

considering all implants as independent. For proportions,
comparisons were done by the classical chi-squared test. All
results were considered significant at the 5% critical level
(p<0.05). Calculations were performed with SAS version 9.4
and R version 4.1.0 (R Foundation for Statistical Computing,
Vienna) programs.7.

3 | Results
3.1 | Abutment Surface Characterization

Analysis of the different abutments revealed statistical dif-
ferences for all examined surface parameters. PEEK and tita-
nium surfaces were rougher (S,=0.54um and S, =0.39 um and
8,=0.67um and 0.39 um respectively), sharper (S, ,=3.22) and
with more texture (S, =2.19% and 2.06%, respectively) compared
to resin, presenting a smoother (S,=0.20um and Sq =0.25um),
sharper (S|, =5.22) surface and less texture (S, =1.78%). These
features are also visible in the high-resolution SEM images.

The complete data set is summarized in Table 1 and Figure 6.

3.2 | Demographics and Site-Related Data

During the inclusion phase, two implants (in two patients) failed
to integrate; therefore, in order to include 10 abutments per
group, 2 additional implants were included. Thus, a total of 30
samples in 28 patients were collected for analysis. Age, gender,
implant position, and flap designs were homogenous between
the different groups (Table 2).

3.3 | Histomorphometric Analyses

Out of the 120 sections, 3 were damaged or incomplete and were
not analyzed (one section in each of the three experimental
groups). In 11 sections, the apical portion was turned away or
partially damaged (one in Ti group, four in Re group, and six in
PEEK group) but measurements could be performed.

Clinical Implant Dentistry and Related Research, 2025
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The mean overall dimensions of the supra crestal peri-implant soft
tissue were 2.68+0.51mm, 2.66+0.47mm, and 2.32+0.55mm,
respectively, for Ti, Re, and PEEK; no significant difference was

TABLE 2 | Patients and site-related characteristics.

Total Titanium Resin Peek

Number of 30 10 10 10
implants

Age

(years)

Mean+SD  57+10 57+12 54+9 60+9
Gender
(M/F)

Male 13 5 4 8

Female 17 5 6 2
Implant
position

Maxilla 17 6 6 5

Mandible 13 4 4 5
Flap design

Flap 24 9 9 6

Mini-flap 6 1 1 4

observed between the materials regarding the total length of the
peri-implant supra crestal soft tissue (p=0.22).

The mean sulcus depth yielded respectively 0.71+0.69mm,
0.74+0.50mm, and 0.68 +0.63mm for Ti, Re, and PEEK; non-
significant differences were found (p=0.97).

The mean length of the epithelial interfaces was also not signif-
icant between the groups, with mean values of 1.82+0.67 mm,
1.56 £0.47mm, and 1.53 +0.40 mm, respectively, for Ti, Re, and
PEEK (p=0.41).

Finally, the mean connective tissue interface was 0.30+0.29 mm
for Ti, 0.36£0.38mm for Re, and 0.09+0.10mm for PEEK.
Even though a significant difference was not demonstrated, a
tendency for a shorter connective tissue portion on PEEK abut-
ments was observed (p=0.09). With the PEEK material, the
CT interface represents only 3.9% of the overall PIST, while it
reached 11.2% and 13.5%, respectively, for the Ti and Re abut-
ments. Results are reported in Table 3, Figures 3 and 6.

3.4 | Descriptive Histology

After 8weeks, the interface between the experimental abut-
ments and the peri-implant soft tissue was characterized from
coronal to apical by the sulcus, the junctional epithelium, and
the connective tissue (Figures 3 and 4). This configuration was
observed in all samples, but each component's length seemed to

TABLE 3 | Experimental abutments-related data (histological-histomorphometric analyses).

Titanium Resin Peek P
Number of implants 10 10 10
Sulcus depth (mm)
Mean+SD 0.71+0.60 0.74+0.50 0.68+0.63 0.97
% of total length 26.5% 27.8% 29.3%
Range 0.08-2.41 0.23-1.87 0.10-2.01
Epithelial adhesion (mm)
Mean+SD 1.82+0.67 1.56+0.47 1.53+0.40 0.41
% of total length 68.0% 58.6% 66.0%
Range 0.52-2.89 0.48-2.03 1.00-2.25
Connective tissue (mm)
Mean+SD 0.30+0.29 0.36+0.38 0.09+0.10 0.09
% of total length 11.2% 13.5% 3.9%
Range 0.00-0.69 0.00-1.05 0.00-0.30
Total length of the PIST excluding
sulcus (mm)
Mean+SD 1.97+0.77 1.91+0.36 1.63+£0.44 0.33
Range 0.52-2.89 1.52-2.53 1.00_2.25
Total length of the PIST including sulcus
(mm)
Mean+SD 2.68+0.51 2.66+0.47 2.32+00.55 0.22
Range 1.58-3.20 1.65-3.12 1.58-3.40
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vary, especially for the connective tissue portion. In 11 sections,
an epithelial interface was found all the way apically to the im-
plant neck (four in Ti group, three in Re group, and four in PEEK
group). Inclusion of bone fragments was also observed in three
sections (one in Re group, two in PEEK group).

3.5 | Semi-Quantitative Histological Analyses
Submucosal biofilm was found in half of the sections for the
Ti and Re groups and in a third of the sections for the PEEK

group. However, no statistical differences between the three
groups were observed. Supramucosal biofilm was found in

TABLE 4 | Biofilm and inflammation.

Titanium Resin  Peek P
Submucosal
biofilm, plaque
presence per
Total of 20/39 18/39 13/39 0.26
surfaces
Percentage 51.2% 20.6% 33.3%
of covered
surface
Mesial sites 5/10 5/9 3/10 0.52
Distal sites 5/10 6/10 2/10 0.18
Vestibular 6/9 3/10 4/10 0.28
sites
Lingual sites 4/10 4/10 4/9 0.67
Supragingival
Biofilm, Plaque
presence per:
Total of 26/39 35/39 26/39 0.026
surfaces
Percentage 66.6% 89.6% 66.6%
of covered
surface
Mesial sites 7/10 8/9 8/10 0.62
Distal sites 8/10 10/10 5/10 0.029
Vestibular 6/9 8/10 8/10 0.76
sites
Lingual sites 5/10 9/10 5/9 0.14
Mean grade of
inflammation
(scoring 0-3)
Mean 0.33 0.56 0.52 0.12
Score 0 51.3% 30.8% 41.0%
Score 1 48.7% 64.1% 53.9%
Score 2 0% 5.1% 5.1%
Score 3 0% 0% 0%

most of the sections in the Re groups (86.6%), which was sig-
nificant (p =0.026) compared to the two other groups (66.6%)
(Table 4). Inflammation scores did not differ significantly
among the three materials studied (Table 4). Nevertheless, the
level of inflammation remained low, with most of the abut-
ments displaying a score of 0 or 1. Only 5% of the PEEK and Re
sections presented a score of 2.

3.6 | Radiographic Analyses

The radiographical peri-implant bone loss measurements were
assessed by the ICC and 95% confidence interval, with respec-
tively 0.995(95% CI:0.992-0.997) and 0.991 (95% CI: 0.987-0.996)
at baseline and 8 weeks. Analysis of the radiographs did not re-
veal any difference between the groups at the time of implant
placement. After 8 weeks of healing, the average peri-implant
bone loss was similar between groups (p=0.29). The complete
data set is summarized in Table 5.

4 | Discussion

In this comparative histological study in humans, we aimed
to characterize the peri-implant supracrestal soft tissue (PIST)
interface in response to different abutment materials (tita-
nium, resin, and PEEK). Integration of the peri-implant soft
tissue was observed for all tested materials, with no statisti-
cally significant differences in the dimensions of the sulcus,
junctional epithelium, and connective tissue interface across
the groups.

Despite limited evidence on the interactions between abutment
materials and peri-implant soft tissue, this interface remains a
critical topic in implant dentistry [19]. To our knowledge, this is
the first study to explore the human histomorphology of the in-
terface between peri-implant soft tissue and resin transmucosal
components.

4.1 | Histomorphometry

The mean dimension of the harvested PIST was 2.6mm,
comprising a sulcus depth of 0.81 mm, epithelial adhesion
of 1.63mm, and a connective tissue compartment of 0.2 mm.
These values are below the commonly accepted range of
3-4mm described for peri-implant supracrestal soft tissue

TABLE 5 | Peri-implant bone level changes from baseline to
abutment removal (8 weeks).

Titanium Resin Peek 4]
Bone level
changes
(mm)
Number of 10 10 10
implants
Mean+SD 0.46+0.33 0.27+£0.37 0.25+0.35 0.29

Clinical Implant Dentistry and Related Research, 2025

90f13

85U801 SUOWILLOD BA 118810 B|qedl [dde Ly Aq peusenob ae o1 O ‘88N Jo S8|ni o Akeid8ulUO A8]IM UO (SUONIPUOD-PUR-SLUIB)/LIO" A3 IM"Ae.q Ul UO//SdNL) SUONIPUOD PUe SWIB | 8U1 88S *[9202/20/0T] uo Ariqiaulluo fe|im ‘9b9178a 915:AUN A £8002 PIO/TTTT OT/I0P/M0D A8 1M AReuq 18Ul UO//SANY Woiy pepeojumod ‘S ‘5202 ‘802880LT



[4, 7, 43]. However, the existing data on PIST dimensions is
primarily based on animal models, with limited human data
available.

In human, Tomasi et al. reported a supracrestal soft tissue length
of approximately 3.6 mm at 8 weeks around titanium abutments,
with a connective tissue interface of 1.7mm, aligning with
preclinical data [6, 44]. While the mean junctional epithelium
length in our study aligns with their findings, the connective tis-
sue portion was significantly shorter than the values reported by
Tomasi et al. This discrepancy may stem from partial harvest-
ing during biopsy, as tissues were collected above the implant
neck of bone-level implants, avoiding complete extension to the
bone for ethical considerations. Additionally, the measurements
did not include horizontal portions of the soft tissue around the
abutments. The missing part of the connective tissue portion
should be considered one major factor in underestimating PIST
and connective tissue dimensions.

Schwarz et al. reported PIST lengths ranging from 2.35 to
2.51mm, predominantly composed of junctional epithelium
(1.88-1.96mm) with a minimal connective tissue portion
(0.43-0.55mm) using a similar experimental model and biopsy
method [45]. Glauser et al. also noted a predominance of epi-
thelial junctions, with a connective tissue interface of approxi-
mately 0.6 mm [44]. Differences in connective tissue dimensions
across studies may reflect variations in measurement methods,
biopsy techniques, and abutment designs. Narrow abutments,
for instance, enhance soft tissue dimensions compared to wider
abutments [14]. Convergent abutment profiles also encourage
axial development of peri-implant connective tissue [38]. The
narrow design of the experimental abutments in this study may
partially explain the observed variations in the supracrestal
structure.

4.2 | Abutment Surface Characteristics

The experimental abutments used in this study displayed
distinct surface topographies. Titanium abutments had the
smoothest surfaces, with lower Sku values compared to PEEK
and resin. PEEK exhibited sharper peaks and deeper valleys,
while resin had the highest Sdr value (5.51%), reflecting a more
complex texture.

Surface topography variations can influence tissue responses.
Textured surfaces are associated with shorter epithelial attach-
ment and longer connective tissue zones [44, 46]. Recent studies
have also shown that anodized abutments result in a larger ep-
ithelial adhesion compared to other surfaces [47]. In this study,
the limited connective tissue portion observed with PEEK abut-
ments may be attributed to their smoother surface compared to
resin and titanium abutments.

4.3 | Biofilm Adhesion and Inflammation

Semi-quantitative analysis revealed higher supragingival plaque
accumulation on resin abutments compared to titanium and
PEEK. However, this did not affect PIST inflammation grading
or health within the short observation period. Textured surfaces

are known to facilitate plaque accumulation and increase the
risk of peri-implant diseases, whereas polished surfaces aggre-
gate less plaque [3, 48]. Surface roughness Sa has previously
showed to be positively correlated with oral biofilm adhesion,
and less pronounced on flat and grooved than on irregular
surface [46].

Although no significant differences in inflammation levels were
observed between the materials in this study, resin-based ma-
terials have been associated with monomer release and related
cytotoxicity, potentially intensifying inflammation [49, 50]. A
previous study using a similar model demonstrated greater mac-
rophage recruitment and an intensified inflammatory response
around resin abutments [35]. The lack of observed differences
here may relate to the type of histology (ground section) and
evaluation method (subjective scoring).

One more limitation could be related to the short time of fol-
low-up in the present study for the establishment of stable PIST.
Early time points provide valuable information on healing and
tissue attachment but might not reflect long-term soft tissue
adaptation.

4.4 | Radiographic Data

No significant differences in bone remodeling were observed
across the tested materials. Despite the shorter PIST height
at 8weeks, marginal bone levels remained stable, suggest-
ing that early bone remodeling may depend on factors be-
yond PIST dimensions. This finding contrasts with previous
observations [35].

4.5 | Study Limitations

The study has a few limitations. The interpretation of radio-
graphic data suffers from a lack of standardized imaging, which
may have affected accuracy. Calculations were done as if im-
plants were independent (one implant per patient) but a couple
of patients had two implants, inducing a correlation of measure-
ments within these patients and potentially overlooking patient
clustering effects [51]. Given that only two patients (6.7%) had
two implants of different materials, the impact on the final
outcomes was considered negligible. With respect to the total
sample size and the number of hypotheses tested on the same
material, p values should be considered with caution. Finally, it
should be acknowledged that the study may be underpowered
for some of the secondary outcomes, and that a lack of statisti-
cally significant differences does not establish equivalence.

5 | Conclusion

Within the limitations of this study, the composition and struc-
ture of peri-implant soft tissue at 8weeks were comparable
across the tested materials. The peri-implant supracrestal soft
tissue was predominantly epithelial, with limited connective
tissue portions. Resin abutments demonstrated higher plaque
accumulation compared to titanium and PEEK, though without
impacting PIST health or inflammation in the short term. The
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long-term effects of these materials on peri-implant tissue war-
rant further investigation.

Author Contributions

Conceptualization: F.L., G.L., M.B. Data Curation: M.B., L.L., G.L.
Formal analysis: D.V.H., M.B. Funding acquisition: F.L. Investigation:
L.L., M.B., D.V.H. Methodology: F.L., DV.H., G.L. Project administra-
tion: F.L., D.V.H. Resources: F.L., DV.H., G.L. Software: DV.H., L.L.,
M.B. Supervision: F.L. Validation: F.L., D.V.H. Visualization: L.L., M.B.,
D.V.H. Writing - original draft: L.L., M.B., D.V.H., F.L. Writing, review
and editing: D.V.H., M.B., L.L., F.L.

Acknowledgments

Authors thank Dr. Bolette, Dr. Debaty, Dr. Hanozin, Dr. Lilet for their
contributions to patient inclusion and their clinical expertise. Prof.
Adelin Albert and Mrs. Laurence Seidel are acknowledged for their sta-
tistical analysis.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

References

1.1. Laleman, F. Lambert, M. Gahlert, M. Bacevic, H. Woelfler, and S.
Roehling, “The Effect of Different Abutment Materials on Peri-Implant
Tissues—A Systematic Review and Meta-Analysis,” Clinical Oral Im-
plants Research 34 (2023): 125-142, https://doi.org/10.1111/clr.14159.

2. E. Rompen, O. Domken, M. Degidi, A. E. Farias Pontes, and A. Piat-
telli, “The Effect of Material Characteristics, of Surface Topography and
of Implant Components and Connections on Soft Tissue Integration: A
Literature Review,” Clinical Oral Implants Research 17 (2006): 55-67,
https://doi.org/10.1111/.1600-0501.2006.01367.x.

3. F. Schwarz, J. Derks, A. Monje, and H.-L. Wang, “Peri-implantitis,”
Journal of Periodontology 89, no. Suppl 1 (2018): S267-S290, https://doi.
org/10.1002/JPER.16-0350.

4. 1. Abrahamsson, T. Berglundh, P. O. Glantz, and J. Lindhe, “The Mu-
cosal Attachment at Different Abutments. An Experimental Study in
Dogs,” Journal of Clinical Periodontology 25 (1998): 721-727.

5.T. Berglundh, J. Lindhe, I. Ericsson, C. P. Marinello, B. Liljenberg,
and P. Thomsen, “The Soft Tissue Barrier at Implants and Teeth,” Clin-
ical Oral Implants Research 2 (1991): 81-90, https://doi.org/10.1034/j.
1600-0501.1991.020206.x.

6. C. Tomasi, F. Tessarolo, I. Caola, J. Wennstrom, G. Nollo, and T. Ber-
glundh, “Morphogenesis of Peri-Implant Mucosa Revisited: An Exper-
imental Study in Humans,” Clinical Oral Implants Research 25 (2014):
997-1003, https://doi.org/10.1111/clr.12223.

7.T. Berglundh, I. Abrahamsson, M. Welander, N. P. Lang, and J.
Lindhe, “Morphogenesis of the Peri-Implant Mucosa: An Experimental
Study in Dogs,” Clinical Oral Implants Research 18 (2007): 1-8, https://
doi.org/10.1111/j.1600-0501.2006.01380.X.

8. G. E. Salvi, D. D. Bosshardt, N. P. Lang, et al., “Temporal Sequence
of Hard and Soft Tissue Healing Around Titanium Dental Implants,”
Periodontology 2000 68 (2015): 135-152, https://doi.org/10.1111/prd.
12054.

9. A. Sculean, R. Gruber, and D. D. Bosshardt, “1-Soft Tissue Wound
Healing Around Teeth and Dental Implants,” Journal of Clinical Peri-
odontology 41 (2014): S6-S22, https://doi.org/10.1111/jcpe.12206.

10. C. Tomasi, F. Tessarolo, I. Caola, et al., “Early Healing of Peri-
Implant Mucosa in Man,” Journal of Clinical Periodontology 43 (2016):
816-824, https://doi.org/10.1111/jcpe.12591.

11. N. Mattheos, M. Janda, A. Acharya, S. Pekarski, and C. Larsson,
“Impact of Design Elements of the Implant Supracrestal Complex (ISC)
on the Risk of Peri-Implant Mucositis and Peri-Implantitis: A Critical
Review,” Clinical Oral Implants Research 32 (2021): 181-202, https://doi.
org/10.1111/clr.13823.

12. A. Rokn, H. Aslroosta, S. Akbari, H. Najafi, F. Zayeri, and K. Hash-
emi, “Prevalence of Peri-Implantitis in Patients Not Participating in
Well-Designed Supportive Periodontal Treatments: A Cross-Sectional
Study,” Clinical Oral Implants Research 28 (2017): 314-319, https://doi.
org/10.1111/clr.12800.

13. E. Rompen, “The Impact of the Type and Configuration of Abut-
ments and Their (Repeated) Removal on the Attachment Level and
Marginal Bone,” European Journal of Oral Implantology 5, no. Suppl
(2012): S83-S90.

14. A. B. Souza, A. Alshihri, P. W. Kdmmerer, M. G. Aratjo, and G. O.
Gallucci, “Histological and Micro-CT Analysis of Peri-Implant Soft and
Hard Tissue Healing on Implants With Different Healing Abutments
Configurations,” Clinical Oral Implants Research 29 (2018): 1007-1015,
https://doi.org/10.1111/clr.13367.

15. F.J. Strauss, J.-Y. Park, J.-S. Lee, et al., “Wide Restorative Emergence
Angle Increases Marginal Bone Loss and Impairs Integrity of the Junc-
tional Epithelium of the Implant Supracrestal Complex: A Preclinical
Study,” Journal of Clinical Periodontology 51 (2024): 1677-1687, https://
doi.org/10.1111/jcpe.14070.

16. L. Canullo, J. F. Dehner, D. Penarrocha, V. Checchi, A. Mazzoni, and
L. Breschi, “Soft Tissue Response to Titanium Abutments With Differ-
ent Surface Treatment: Preliminary Histologic Report of a Randomized
Controlled Trial,” BioMed Research International 2016 (2016): 2952530,
https://doi.org/10.1155/2016/2952530.

17.1. Laleman, “Implant Connection and Abutment Selection as A
Predisposing and/or Precipitating Factor for PERI-Implant Disease:
A Review,” Clinical Implant Dentistry and Related Research 25 (2023):
723-733.

18. M. Rea, S. Ricci, P. Ghensi, N. P. Lang, D. Botticelli, and C. Soldini,
“Marginal Healing Using Polyetheretherketone as Healing Abutments:
An Experimental Study in Dogs,” Clinical Oral Implants Research 28
(2017): e46-€50, https://doi.org/10.1111/clr.12854.

19. M. Sanz, B. Klinge, G. Alcoforado, et al., “Biological Aspects: Sum-
mary and Consensus Statements of Group 2. The 5th EAO Consensus
Conference 2018,” Clinical Oral Implants Research 29, no. Suppl 18
(2018): 152-156, https://doi.org/10.1111/clr.13274.

20.S. J. Alzahrani, M. S. Hajjaj, A. A. Azhari, W. M. Ahmed, H.
E. Yeslam, and R. M. Carvalho, “Mechanical Properties of Three-
Dimensional Printed Provisional Resin Materials for Crown and Fixed
Dental Prosthesis: A Systematic Review,” Bioengineering (Basel) 10
(2023): 663, https://doi.org/10.3390/bioengineering10060663.

21. O. Gonzalez-Martin, E. Lee, A. Weisgold, M. Veltri, and H. Su, “Con-
tour Management of Implant Restorations for Optimal Emergence Pro-
files: Guidelines for Immediate and Delayed Provisional Restorations,”
International Journal of Periodontics and Restorative Dentistry 40
(2020): 61-70, https://doi.org/10.11607/prd.4422.

22.S.Jain, M. E. Sayed, M. Shetty, et al., “Physical and Mechanical Prop-
erties of 3D-Printed Provisional Crowns and Fixed Dental Prosthesis
Resins Compared to CAD/CAM Milled and Conventional Provisional
Resins: A Systematic Review and Meta-Analysis,” Polymers (Basel) 14
(2022): 2691, https://doi.org/10.3390/polym14132691.

Clinical Implant Dentistry and Related Research, 2025

11 of 13

85U801 SUOWILLOD BA 118810 B|qedl [dde Ly Aq peusenob ae o1 O ‘88N Jo S8|ni o Akeid8ulUO A8]IM UO (SUONIPUOD-PUR-SLUIB)/LIO" A3 IM"Ae.q Ul UO//SdNL) SUONIPUOD PUe SWIB | 8U1 88S *[9202/20/0T] uo Ariqiaulluo fe|im ‘9b9178a 915:AUN A £8002 PIO/TTTT OT/I0P/M0D A8 1M AReuq 18Ul UO//SANY Woiy pepeojumod ‘S ‘5202 ‘802880LT


https://doi.org/10.1111/clr.14159
https://doi.org/10.1111/j.1600-0501.2006.01367.x
https://doi.org/10.1002/JPER.16-0350
https://doi.org/10.1002/JPER.16-0350
https://doi.org/10.1034/j.1600-0501.1991.020206.x
https://doi.org/10.1034/j.1600-0501.1991.020206.x
https://doi.org/10.1111/clr.12223
https://doi.org/10.1111/j.1600-0501.2006.01380.x
https://doi.org/10.1111/j.1600-0501.2006.01380.x
https://doi.org/10.1111/prd.12054
https://doi.org/10.1111/prd.12054
https://doi.org/10.1111/jcpe.12206
https://doi.org/10.1111/jcpe.12591
https://doi.org/10.1111/clr.13823
https://doi.org/10.1111/clr.13823
https://doi.org/10.1111/clr.12800
https://doi.org/10.1111/clr.12800
https://doi.org/10.1111/clr.13367
https://doi.org/10.1111/jcpe.14070
https://doi.org/10.1111/jcpe.14070
https://doi.org/10.1155/2016/2952530
https://doi.org/10.1111/clr.12854
https://doi.org/10.1111/clr.13274
https://doi.org/10.3390/bioengineering10060663
https://doi.org/10.11607/prd.4422
https://doi.org/10.3390/polym14132691

23. G. Finelle, D. E. V. Papadimitriou, A. B. Souza, N. Katebi, G. O. Gal-
lucci, and M. G. Aratjo, “Peri-Implant Soft Tissue and Marginal Bone
Adaptation on Implant With Non-Matching Healing Abutments: Mi-
cro-CT Analysis,” Clinical Oral Implants Research 26 (2015): e42-e46,
https://doi.org/10.1111/clr.12328.

24. R. Lilet, M. Desiron, G. Finelle, G. Lecloux, L. Seidel, and F. Lam-
bert, “Immediate Implant Placement Combining Socket Seal Abutment
and Peri-Implant Socket Filling: A Prospective Case Series,” Clinical
Oral Implants Research 33 (2022): 33-44, https://doi.org/10.1111/clr.
13852.

25. 1. Papathanasiou, P. Kamposiora, G. Papavasiliou, and M. Ferrari,
“The Use of PEEK in Digital Prosthodontics: A Narrative Review,”
BMC Oral Health 20 (2020): 217, https://doi.org/10.1186/s12903-020-
01202-7.

26. K. Wiertelak-Makata, 1. Szymczak-Pajor, K. Bociong, and A. Sli-
winska, “Considerations About Cytotoxicity of Resin-Based Composite
Dental Materials: A Systematic Review,” International Journal of Molec-
ular Sciences 25 (2023): 152, https://doi.org/10.3390/ijms25010152.

27.Y.-S. Kim, Y. Ko, S.-B. Kye, and S.-M. Yang, “Human Gingival Fi-
broblast (HGF-1) Attachment and Proliferation on Several Abutment
Materials With Various Colors,” International Journal of Oral and
Maxillofacial Implants 29 (2014): 969-975, https://doi.org/10.11607/
jomi.3704.

28. A. A. Abdulmajeed, A. K. Kokkari, J. Kdpyld, et al., “In Vitro Blood
and Fibroblast Responses to BisGMA-TEGDMA/Bioactive Glass Com-
posite Implants,” Journal of Materials Science. Materials in Medicine 25
(2014): 151-162, https://doi.org/10.1007/s10856-013-5040-0.

29. M. da Cruz, J. Marques, G. Pefiarrieta-Juanito, et al., “Hard and Soft
Tissue Cell Behavior on Polyetheretherketone, Zirconia, and Titanium
Implant Materials,” International Journal of Oral & Maxillofacial Im-
plants 34 (2019): 39-46, https://doi.org/10.11607/jomi.6926.

30. M. Bacevic, F. Dethier, G. Lecloux, L. Seidel, E. Rompen, and F. Lam-
bert, “The Effects of Direct Polymethyl Methacrylate and Zirconia-On-
Ti-Base Abutments on Peri-Implant Soft Tissue Integration: A Study in
Minipigs,” International Journal of Prosthodontics 36 (2023): 704-711,
https://doi.org/10.11607/ijp.7346.

31. F. Dethier, M. Bacevic, G. Lecloux, L. Seidel, E. Rompen, and F.
Lambert, “The Effects of Abutment Materials on Peri-Implant Soft
Tissue Integration: A Study in Minipigs,” Journal of Prosthodontics 31
(2022): 585-592, https://doi.org/10.1111/jopr.13504.

32.D. Farronato, G. Santoro, L. Canullo, D. Botticelli, C. Maiorana,
and N. P. Lang, “Establishment of the Epithelial Attachment and Con-
nective Tissue Adaptation to Implants Installed Under the Concept of
‘Platform Switching”: A Histologic Study in Minipigs,” Clinical Oral Im-
plants Research 23 (2012): 90-94, https://doi.org/10.1111/j.1600-0501.
2011.02196.x.

33. A. Linares, O. Domken, M. Dard, and J. Blanco, “Peri-Implant Soft
Tissues Around Implants With a Modified Neck Surface. Part 1. Clin-
ical and Histometric Outcomes: A Pilot Study in Minipigs,” Journal of
Clinical Periodontology 40 (2013): 412-420, https://doi.org/10.1111/jcpe.
12068.

34.]. Caballé-Serrano, V. Chappuis, A. Monje, D. Buser, and D. D. Boss-
hardt, “Soft Tissue Response to Dental Implant Closure Caps Made of
Either Polyetheretherketone (PEEK) or Titanium,” Clinical Oral Im-
plants Research 30 (2019): 808-816, https://doi.org/10.1111/clr.13487.

35. L. Liegeois, M. Borie, G. Lecloux, D. Van Hede, and F. Lambert,
“Influence of Implant Component Materials on Peri-Implant Soft Tis-
sue Healing: A Comparative Histological and Immunohistochemical
Study in Humans,” Clinical Oral Implants Research 36 (2024): 397-409,
https://doi.org/10.1111/clr.14391.

36.1. Milinkovic, A. D. Krasavcevic, S. Jankovic, J. Sopta, and Z.
Aleksic, “Immunohistochemical Analysis of Soft Tissue Response to
Polyetheretherketone (PEEK) and Titanium Healing Abutments on

Dental Implants: A Randomized Pilot Clinical Study,” BMC Oral Health
22 (2022): 484, https://doi.org/10.1186/512903-022-02536-0.

37.N. Enkling, M. Marder, S. Bayer, W. Gotz, M. Stoilov, and D. Kraus,
“Soft Tissue Response to Different Abutment Materials: A Controlled and
Randomized Human Study Using an Experimental Model,” Clinical Oral
Implants Research 33 (2022): 667-679, https://doi.org/10.1111/clr.13932.

38. L. Canullo, A. Giuliani, M. Furlani, M. Menini, A. Piattelli, and G.
Iezzi, “Influence of Abutment Macro- and Micro-Geometry on Morpho-
logic and Morphometric Features of Peri-Implant Connective Tissue,”
Clinical Oral Implants Research 34 (2023): 920-933, https://doi.org/10.
1111/clr.14118.

39. C. Cinquini, V. Marchio, E. Di Donna, et al., “Histologic Evaluation
of Soft Tissues Around Dental Implant Abutments: A Narrative Re-
view,” Materials (Basel) 15 (2022): 3811, https://doi.org/10.3390/mal51
13811.

40. M. Borie, G. Lecloux, D. Bosshardt, et al., “Peri-Implant Soft Tissue
Integration in Humans—Influence of Materials: A Study Protocol for a
Randomised Controlled Trial and a Pilot Study Results,” Contemporary
Clinical Trials Communications 19 (2020): 100643, https://doi.org/10.
1016/j.conctc.2020.100643.

41. C. A. Schneider, W. S. Rasband, and K. W. Eliceiri, “NIH Image to
Imagel: 25 Years of Image Analysis,” Nature Methods 9 (2012): 671-675,
https://doi.org/10.1038/nmeth.2089.

42.D. Buser, S. Halbritter, C. Hart, et al., “Early Implant Placement
With Simultaneous Guided Bone Regeneration Following Single-Tooth
Extraction in the Esthetic Zone: 12-Month Results of a Prospective
Study With 20 Consecutive Patients,” Journal of Periodontology 80
(2009): 152-162, https://doi.org/10.1902/jop.2009.080360.

43.T. Linkevicius and P. Apse, “Biologic Width Around Implants. An
Evidence-Based Review,” Stomatologija 10 (2008): 27-35.

44.R. Glauser, P. Schiipbach, J. Gottlow, and C. H. F. Himmerle,
“Periimplant Soft Tissue Barrier at Experimental One-Piece Mini-
Implants With Different Surface Topography in Humans: A Light-
Microscopic Overview and Histometric Analysis,” Clinical Implant
Dentistry and Related Research 7, no. Suppl 1 (2005): S44-S51, https://
doi.org/10.1111/j.1708-8208.2005.tb00074.x.

45. F. Schwarz, I. Mihatovic, J. Becker, K. H. Bormann, P. L. Keeve, and
A. Friedmann, “Histological Evaluation of Different Abutments in the
Posterior Maxilla and Mandible: An Experimental Study in Humans,”
Journal of Clinical Periodontology 40 (2013): 807-815, https://doi.org/
10.1111/jcpe.12115.

46.R. Xing, S. P. Lyngstadaas, J. E. Ellingsen, S. Taxt-Lamolle, and
H. J. Haugen, “The Influence of Surface Nanoroughness, Texture and
Chemistry of TiZr Implant Abutment on Oral Biofilm Accumulation,”
Clinical Oral Implants Research 26 (2015): 649-656, https://doi.org/10.
1111/clr.12354.

47.1. Dib-Zaitum, Y. Guadilla-Gonzdalez, J. Flores-Fraile, J. Dib-
Zakkour, L. Benito-Garzon, and J. Montero, “Effect Morphology and
Surface Treatment of the Abutments of Dental Implants on the Dimen-
sion and Health of Peri-Implant Biological Space,” Materials (Basel) 15
(2022): 4422, https://doi.org/10.3390/mal5134422.

48.R. Biirgers, T. Gerlach, S. Hahnel, F. Schwarz, G. Handel, and M.
Gosau, “In Vivo and in Vitro Biofilm Formation on Two Different Ti-
tanium Implant Surfaces,” Clinical Oral Implants Research 21 (2010):
156-164, https://doi.org/10.1111/j.1600-0501.2009.01815.x.

49. A. Schedle, A. Franz, X. Rausch-Fan, et al., “Cytotoxic Effects of
Dental Composites, Adhesive Substances, Compomers and Cements,”
Dental Materials 14 (1998): 429-440, https://doi.org/10.1016/s0300-
5712(99)00018-4.

50.J. C. Wataha, C. T. Hanks, S. E. Strawn, and J. C. Fat, “Cytotoxicity
of Components of Resins and Other Dental Restorative Materials,” Jour-
nal of Oral Rehabilitation 21 (1994): 453-462, https://doi.org/10.1111/j.
1365-2842.1994.tb01159.x.

12 of 13

Clinical Implant Dentistry and Related Research, 2025

85U801 SUOWILLOD BA 118810 B|qedl [dde Ly Aq peusenob ae o1 O ‘88N Jo S8|ni o Akeid8ulUO A8]IM UO (SUONIPUOD-PUR-SLUIB)/LIO" A3 IM"Ae.q Ul UO//SdNL) SUONIPUOD PUe SWIB | 8U1 88S *[9202/20/0T] uo Ariqiaulluo fe|im ‘9b9178a 915:AUN A £8002 PIO/TTTT OT/I0P/M0D A8 1M AReuq 18Ul UO//SANY Woiy pepeojumod ‘S ‘5202 ‘802880LT


https://doi.org/10.1111/clr.12328
https://doi.org/10.1111/clr.13852
https://doi.org/10.1111/clr.13852
https://doi.org/10.1186/s12903-020-01202-7
https://doi.org/10.1186/s12903-020-01202-7
https://doi.org/10.3390/ijms25010152
https://doi.org/10.11607/jomi.3704
https://doi.org/10.11607/jomi.3704
https://doi.org/10.1007/s10856-013-5040-0
https://doi.org/10.11607/jomi.6926
https://doi.org/10.11607/ijp.7346
https://doi.org/10.1111/jopr.13504
https://doi.org/10.1111/j.1600-0501.2011.02196.x
https://doi.org/10.1111/j.1600-0501.2011.02196.x
https://doi.org/10.1111/jcpe.12068
https://doi.org/10.1111/jcpe.12068
https://doi.org/10.1111/clr.13487
https://doi.org/10.1111/clr.14391
https://doi.org/10.1186/s12903-022-02536-0
https://doi.org/10.1111/clr.13932
https://doi.org/10.1111/clr.14118
https://doi.org/10.1111/clr.14118
https://doi.org/10.3390/ma15113811
https://doi.org/10.3390/ma15113811
https://doi.org/10.1016/j.conctc.2020.100643
https://doi.org/10.1016/j.conctc.2020.100643
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1902/jop.2009.080360
https://doi.org/10.1111/j.1708-8208.2005.tb00074.x
https://doi.org/10.1111/j.1708-8208.2005.tb00074.x
https://doi.org/10.1111/jcpe.12115
https://doi.org/10.1111/jcpe.12115
https://doi.org/10.1111/clr.12354
https://doi.org/10.1111/clr.12354
https://doi.org/10.3390/ma15134422
https://doi.org/10.1111/j.1600-0501.2009.01815.x
https://doi.org/10.1016/s0300-5712(99)00018-4
https://doi.org/10.1016/s0300-5712(99)00018-4
https://doi.org/10.1111/j.1365-2842.1994.tb01159.x
https://doi.org/10.1111/j.1365-2842.1994.tb01159.x

51.B. R. Chrcanovic, J. Kisch, T. Albrektsson, and A. Wennerberg,
“Analysis of Risk Factors for Cluster Behavior of Dental Implant Fail-
ures,” Clinical Implant Dentistry and Related Research 19 (2017): 632-
642, https://doi.org/10.1111/cid.12485.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: CONSORT-2010-Checklist.

Clinical Implant Dentistry and Related Research, 2025

13 of 13

85U801 SUOWILLOD BA 118810 B|qedl [dde Ly Aq peusenob ae o1 O ‘88N Jo S8|ni o Akeid8ulUO A8]IM UO (SUONIPUOD-PUR-SLUIB)/LIO" A3 IM"Ae.q Ul UO//SdNL) SUONIPUOD PUe SWIB | 8U1 88S *[9202/20/0T] uo Ariqiaulluo fe|im ‘9b9178a 915:AUN A £8002 PIO/TTTT OT/I0P/M0D A8 1M AReuq 18Ul UO//SANY Woiy pepeojumod ‘S ‘5202 ‘802880LT


https://doi.org/10.1111/cid.12485

	Peri-Implant Supracrestal Tissue Characteristics Related to Abutment Materials: A Comparative Histomorphometry Study
	ABSTRACT
	1   |   Introduction
	2   |   Material and Methods
	2.1   |   Study Design
	2.2   |   Abutment Design and Manufacturing
	2.3   |   Abutment Surface Characterization
	2.4   |   Inclusion and Exclusion Criteria
	2.5   |   Surgical Procedure
	2.6   |   Harvesting Procedure
	2.7   |   Sample Preparation
	2.8   |   Histomorphometric Analyses
	2.9   |   Descriptive and Semi-Quantitative Histological Analysis
	2.10   |   Radiographic Analyses
	2.11   |   Statistics

	3   |   Results
	3.1   |   Abutment Surface Characterization
	3.2   |   Demographics and Site-Related Data
	3.3   |   Histomorphometric Analyses
	3.4   |   Descriptive Histology
	3.5   |   Semi-Quantitative Histological Analyses
	3.6   |   Radiographic Analyses

	4   |   Discussion
	4.1   |   Histomorphometry
	4.2   |   Abutment Surface Characteristics
	4.3   |   Biofilm Adhesion and Inflammation
	4.4   |   Radiographic Data
	4.5   |   Study Limitations

	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


