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Abstract

Background: Gingival tissue attachment is known to be important for long term prognosis of
implants. This in vitro study evaluated the gingival attachment to zirconia implants and zirconia

implants modified with sol-gel derived TiO, coatings.

Materials and methods: Zirconia endodontic posts (n=23) were used to function as implants that
were inserted into the center of full thickness porcine gingival explants (n=31). The tissue/implant
specimens were then individually placed at an air/liquid interface on a stainless-steel grid in cell
culture wells containing a nutrient solution. The tissue cultures were incubated at 372Cina 5% CO,
environment and at days 7 and 14, the specimens were harvested and analyzed by dynamic
mechanical analysis (DMA) measurements under dynamic loading conditions mimicking natural
mastication. Specimens were also analyzed by immunohistochemical staining identifying the laminin
(Ln) y2 chainspecificfor Ln-332, which is known to be a crucial molecule for the proper attachment

of epithelium to tooth/implant surface.
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Results: Tissue attachment to TiO, coated zirconia demonstrated higher dynamic modulus of
elasticity and highercreep modulus, meaning that the attachment is stronger and more resistant to
damage during function overtime. Laminin y2 was identified in the attachment of epitheliumto TiO,

coated zirconia.

Conclusion: Both DMA and histological analysis support each other, that the gingival tissue is more
strongly attached to sol-gel derived TiO, coated zirconia than wuncoated zirconia.
Immunohistochemical staining showed that TiO, coating may enhance the synthesis and deposition

of Ln-332 in the epithelial attachment to the implant surface.
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1. Introduction

Success of a dental implant depends on a sound osseointegration and a stable attachment to the
surrounding tissue.’™ The establishment of a healthy permucosal seal protects the underlying
tissues from the harshintraoral environments.' The ability of an implant abutment to form a firm
bond with its surrounding gingival tissue is highly dependent on its biocompatibility, surface
topography, and surface free energy.”* These properties are key influencing factors in adhesion,
proliferation and colonization of cells involved in the wound healing process around the abutment
and the subsequent attachment to the surrounding tissue.’ Despite the plenty of research
conducted on the interface of implants and bone, till date, our knowledge of soft-tissue/implant
interface is limited > and further research evaluating the interface with differentimplant materials is
necessary. Furthermore, developing new implant materials or optimizing current materials to truly
bond with surrounding soft-tissueisimportant. The structure responsible for the attachment of soft-
tissue to implants is the peri-implant epithelium (PIE) and several studies have shown that this
attachmentoccurs in the presence of several attachment structures.® An important component of
the basal lamina that attaches the PIE and the junctional epithelium (JE) to implants and teeth
respectively, is laminin (Ln)-332.>" Laminins are glycoproteins that are an integral part of the

6,10,11
F

structure of basement membranes that attach epithelial cells to the connective tissue. or

example, Ln-332isa majorcomponentinvolvedinthis process and in vitro studies have shown that

11-13

itiscritical for gingival epithelial cellattachment. Also, Ln-332is secreted by keratinocytes after

an injury toinitiate migration of epithelial cells and to repair the basement membrane and re-create

141 Therefore, the presence of Ln-332

the anchorage of epithelial cells to the basement membrane.
at soft-tissue/implantinterface identifies an established attachment and a bond between epithelial
cells and the biomaterial. Furthermore, Ln-332 is composed of three chains, a3, 3, and y2.11

Antibodies targeting the y2 chain are specific for Ln-332. Most research on soft-tissue/implant

interface have focused ontitanium substrates, whileimplant dentistry is facing a rapid introduction
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of alternative materials with different surface optimizations. An increasingly used material is zirconia

1217220 pasearch

that is claimed to have superior biological, esthetic, and optical properties.
evaluating soft-tissue/zirconiainterfaceis still limited and data on surface optimizations of zirconia
are scarce. Sol-gel derived TiO, surface treatments are one example of implant surface optimization
that can be applied on zirconia to improve the soft tissue attachment. The potentials of these
coatings to optimize zirconia for better soft-tissue attachment have been previously demonstrated
by the authors where the coatings enhanced fibroblast proliferation and induced a faster blood

21,22

coagulation. Furthermore, in vivo studies with experimental animals utilizing sol-gel derived TiO,

coatings on titanium substrates have shown good epithelial attachment, decreased gingival

inflammation and less marginal bone loss upon histological examination.**°

Consequently, the aim of this study was to evaluate the attachment of gingival tissue on zirconia
implant and zirconia provided with sol-gel derived nanostructured coating. This was done in
conjunction with anon-destructive mechanical bonding analysis. The aim was set based on the lack
of research on both soft-tissue/zirconia interface, and the lack of efforts towards optimization of
zirconiafor better biological properties. It was hypothesized that sol-gel derived coatings enhance
the attachment. Furthermore, the interface between the materials and the soft-tissue was analyzed
using special dynamic mechanical analysis (DMA) to evaluate the quality of the attachment
apparatus in both groups. The present study is a part of a series of studies attempting to improve

the biological properties of zirconia implant abutments.
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2. Materials and Method

2.1. Implant preparation

Zirconia endodontic posts” obtained from a local supplier were used to function as implants that
were inserted in porcine gingival tissue, mimicking the clinical attachment of abutments to soft-
tissue intraorally. Each endodontic post was cut in half using a surgical saw to yield implantable
materials with length of 9 mm and diameters of 1.90+0.02 mm (n=23). The implants were then
cleanedinultrasonicbaths of acetone and ethanol subsequently for 5 min each. Two experimental
groups were made, zirconia coated with sol-gel derived TiO,, and uncoated zirconia as control. The
sol-gel solution was made by dissolving tetraisopropylorthotitanate [Ti(OCH(CH3),)4] in 95% ethanol
and mixingit with a solution of ethanol, nitric acid and ultrapure water. The resultant solution was
lefttoage at room temperature for 24 h. The TiO, coatings were prepared by dippingthe specimens
into the solution and then withdrawing them at a speed of 0.3mm/s. Finally, the coated specimens

were heated at 500°C for 1 h and were again cleaned ultrasonically as described before.

2.2. Implantation and tissue culture

For immunohistochemical studies, fullthickness gingival explants were dissected from mandible of a
freshly slaughtered pig usinga 6 mm biopsy punch (n=19) and then rinsed in PBS supplemented with
penicillin, streptomycin and amphotericin B. The explants were pierced using an 18-gauge needle to
mimic the surgical wound created clinically during implant placement. Each of the implants was
autoclaved for20 min at 1212C and theninsertedintothe center of the explants so that the implant
penetrated the gingival explant. A total of 15 tissue/implant specimens were then individually placed
at an air/liquid interface on a stainless steel grid, in 6-well plates containing culture medium’

supplemented with 10 % fetal bovine serum (FBS), 100 U/Ig penicillin, streptomycin 100 lg/mL, and
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200 mM L-glutamine (Figure 1). The specimens were incubated at 372C ina 5% CO, environment
with the culture medium changed every 24 hours up to 7 (4 samples with a non-coated implant, 4
samples with acoated implant) and 14 days (3 samples with a non-coated implant, 4 samples with a
coatedimplant)in culture. Atthe end of each tissue culture period, the specimens were fixed in 10%
buffered formalin for 1 day at room temperature, after which they were sent for
immunohistochemical analysis. Gingival explants with no implants were also cultured to serve as

baseline controls for general tissue morphology (n=2/time-point).

For DMA measurements, a total of 8 tissue/implant specimens were obtained from the mandible of
a second pig and they were cultured according the same protocol at the same time points (n=2 for
coated and normal specimens/time-point). Gingival explants with no implants were also cultured to

serve as baseline controls (n=2/time-point).

2.3. Biomechanical measurement with DMA

The dynamic modulus and creeping modulus of the interface between the gingival tissue and the
implantsin shear mode were measured using a novel protocolin a dynamic mechanical analyzer®.
The specimens (i.e. gingival explants attached to the implants) were placed on the specimen holder
of the analyser (n=2 for coated and uncoated implants in both time points). The setup applies
oscillating sinusoidal force to the implants as shown in Figure 2, straining them and creating
displacement amplitude of 30um. The forces were applied at a constant frequency of 1 Hz at 37°C,
mimicking the cyclic masticatory rhythm and human body temperature.” For this specific setup and

geometry, the geometric factor k, was experimentally determined as:*®
r.\3
a
k, = 0.7386 (1— (—) )
)
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where 1, is the radius of the specimen holder, 7, is the radius of the implant.”®

Thus, the dynamic elastic modulus can be expressed as:*®

Egvn=k Fayn 73
D T2 (ho+ dL)3| A

and the tangential (creeping) elastic modulus as:*®

E — Fstat 7”22
stat 2(h0)3|dL|

where Fayn is the dynamicforce amplitude on the specimen, F,; is the static acting force, hyis the
initial height of the tissue, dL is the change of the height during the measurement, and A;is the
displacementamplitude of a specimen.’® The dimensions of each specimen were measured using a

laser micrometer prior to their placementin the analyzer with a tolerance of 1 um.

For assessment of realisticstresses and displacements a 2D-axyisymmetricmodel was set up using a
software to estimate the distribution of the deformation inside the soft tissue attached to the
implant, assumingthe latterto be arigid solid. This model was served as a visual guidance as exact
properties of the soft tissue are notknowninthese conditions. Figure 2 (right) shows maximal total
displacements (colorscale), surface traction forces (vector arrows) and von Mises stresses (contours)

indicating that most of the traction forces are indeed localized at the tissue/implant interface.
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2.3.1. Embedding of tissue culture samples
A modification of the previously shown embedding method using a novel polymerization system”

d.”*° The polymerization system” is based on polymethyl metacrylate (PMMA).

was use
Polymerization occurs inthe absence of oxygen and atlow temperatures (-2to-20°C) and enablesto
performimmunohistochemical staining for hard tissues.” It is especially suitable for the studies of
implant-tissue interface.”” The embedding procedure involves four major steps; (i) fixation and
dehydration, (ii) pre-infiltration, (iii) infiltration, and (iv) polymerization. Each of these steps require

the use of different solutions that were prepared by mixing different chemicals in different ratios as

summarized in Figure 3, a modification of the manufacturer’s protocol.

After fixation, the specimens were washed for several hours with running tap water, and then
dehydrated by placingthem overnightin a series of alcohol and xylene at room temperature in the
following steps; 70% alcohol, 96% alcohol, twice 100% alcohol, twice xylene. Following dehydration,
the specimens were placed overnight in pre-infiltration solution 1 and then overnight in pre-
infiltration solution 2, both at room temperature. Consequently, the samples were placed in pre -
infiltration solution 3and thenin the infiltration solution, while incubated at +4°C overnight during

both steps.

For polymerization of the tissue, 45 mL of stock A solution and 5 mL of stock B solution were
carefully mixed. Each tissue sample was placed on the bottom of a precooled Teflon mold stored at
+°4C with plasticforceps and the polymerization solution was added into the mold. Then, the tissue

samples were placed into avacuum desiccator cooled down to -4°C. The samples were evacuated in
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-4°C in 200-400mbar around 30 min or as long as any gas bubbles were detected. The pressure was
let out of the vacuum desiccator and the molds were closed with their covers. The desiccator was
closed and storedin -4°C for polymerization for 2 days. The hardened tissue blocks were pulled out

of the molds.

2.3.2. Sectioning

The tissue blocks were first glued on plasticslides using a photocuring adhesive”. The surfaces of the
blocks were ground using K400 and polished with K1000 diamond discs . A second glass slide was
roughened usingasilicon carbide P5S00 paper . The glass slide was washed in distilled water and the
surface was cleaned with 100% alcohol and then one drop of primer' was put in the middle of the
glass slide and the slide was let to dry for 1 minute. A drop of adhesive® was placed on top of the
tissue block and the glass slide was glued onto the tissue block-plastic slide complex using a gluing
machine” utilizing UV light for 15 minutes. The tissue block was hence sandwiched between two
slides. Sample sandwich was clamped onto a diamond band saw "~ and 100pm thick sections were
cut. After that, the sections were ground using K400, K1000 diamond discs” and then P1200, P2500

and P4000 silicon carbide papers” until the thickness of 20 um was achieved.

2.3.3. Immunohistological analysis

Before immunohistochemical staining, deplastination of the methyl methacrylate-embedded
sections was performed. The slides were incubated twice in xylene, twice in methoxy methyl
acetate, twice in acetone and twice in distilled water. The sections were then rinsed by Phosphate
Buffer Saline (PBS) and incubated in 0.05% trypsin for 15 minutes at room temperature. Sections
were washed again in PBS, (3 times, 5 min each). This washing procedure was re peated between

each step. Afterthe washin PBS, the sections were incubated at room temperature in a bath of 3%

This article is protected by copyright. All rights reserved.



Accepted Article

hydrogen peroxide for 30 minutes. Moving on, the PBS wash was repeated, and the sections were
incubated at room temperature in 10% bovine serum albumin for 30 minutes. The sections were
washed again with PBS and incubated overnight at 4°C in a 1:100 dilution of goat polyclonal I1gG

laminin y2 antibody. *

PBS wash was repeated, and the sections were incubated at room temperature in a dilution of
secondary antibody anti-goat® (3 anti-goat:4 diluent) for 30 minutes, washed again in PBS and finally
with diaminobenzidine (DAB). After the wash in PBS, the sections were counterstained by placing
them in hematoxylin for 1 minute at room temperature, dried, and covered with a rapid drying
medium .Allsections were analyzed underalight microscope ™and the images were captured using

. . . . *kk
a digital camera™and an imaging software.

3. Results

Figures 4A and 4B display the mean values and standard deviations of the calculated dynamic elastic
moduli and creep moduli, respectively. Coated zirconia implants showed substantially higher
dynamic modulus compared to uncoated control at both days 7 (+88% vs. control) and 14 (+109%)
(Figure 4A). Similarly, under creeping conditions (pseudo-static) the modulus of adhesion was also
higherforthe coated specimens atboth days 7 (+5%) and 14 (+55%) (Figure 4B). Figure 5 shows how

the differences were calculated.

As a positive control, laminin y2 chain appeared as an immunoreactive band in the basement
membrane zone of the porcine gingival tissue cultured in vitro (Figure 6A). The epithelial cells of the
gingival explants were seen to have migrated in order to cover the exposed connective tissue,

provingthatthe explants were vitalthroughout the culture period (data not shown). In the sections

This article is protected by copyright. All rights reserved.



Accepted Article

harvested atthe 7 days of culture, both epithelialand connective tissue were firmly attached to the
implant surface (Figures 6B, 6C, 6D). Laminin y2 chain stained positively in the most apical cells of
the epithelium in contact with the coated implant surface and also in the basement membrane

facing the connective tissue (Figure 6C).

There was no staining of laminin y2 detected at the contact of epithelium with non-coated zirconia
at day 7 (Figure 6D). Sections from day 14 of culture also revealed a firm attachment of epithelium
and connective tissueto the coated implant surfaces (Figure s 6E, 6G, 6H). Laminin y2 was presentin
the innermost cells of the apical two thirds of the epithelium attached to the implant (Figures 6E,
6G). Although sloughing of gingival epithelial cells appeared (a phenomenon that happened in the
epithelium of all tissue explants), the attachment of the epithelium to the coated implant seemed to
be firm (Figure 6H). After 2 weeks culture with non-coated implants, the tissue detached from the
implant surface during cutting the sections. There were a few spots of faint positive staining of
lamininy2detected at the epithelial cells that had been attached to the implant (Figure 6F). In both
non-coated and coated zirconiaimplants, the epithelium did not show apical migration between the

explant and the implant surface, which allows maturation of connective tissue attachment.

4. Discussion

The term “peri-implant mucosa” is given to the soft tissue collar that surrounds the transmucosal
part of a dental implant and thereby separates the peri-implant bone from the oral cavity.>
Attachment of the peri-implant mucosa to the implant creates a seal that potentially prevents the
development of peri-implant mucositis and peri-implantitis, contributing to the long term survival of
the implant.*’ This attachment is provided by the PIE, which is the implant-counterpart of the JE

present with natural dentition. The peri-implant mucosa forms after the closure of the
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mucoperiosteal flapina one-stage or two-stage implant surgery through the healing of the wound
created during the surgical placementof animplant.* The process of wound healing around implant
starts immediately during the surgery by protein adsorption on implant or abutment surface,
followed by the formation of ablood clot at the site of surgical wound. The wound is rapidly sealed
off by the blood clot and later on, this fibrin clot induces an inflammatory process that leads to

125 The potentials of sol-gel derived TiO, to enhance blood

tissue formation and remodeling.
coagulation and hence hasten wound healing process have been previously demonstrated by the
authors.” This study attempted to investigate the formation of the soft tissue attachment in contact
with the coated zirconia and to test the strength of the attachment. Wong et al. 2009 demonstrated
that porcine and human oral mucosal wounds are similar in terms of molecular composition and
clinical and histological characteristics.*® Hence, porcine gingival mucoperiosteal explants were used
inthis study. Furthermore, in orderto resemble the wound and mucoperiosteal flap created during
one-stage or two-stage implant surgery in human oral mucosa, the explants were pierced with a
needle priortothe placement of the sample implants. In addition, Abdulmajeed et al. 2015 reported
that this experimental setting has the advantages of being cost effective, time efficient, and easy to
control the setup since delicate biological processes are not disrupted by animal movements.*’ The
literature agrees that the peri-implant mucosa resembles scar tissue, having fewer fibroblasts and
more collagen fibers when compared to tissue around teeth.*** Moreover, because of a lack of the
cementum layerwith implants, the collagen fibers in the peri-implant mucosa are oriented parallel

3139 Reports on soft-tissue contact with zirconia are limited

or parallel-obliqueto the implant surface.
and although some reports state the presence of no difference between the tissue in contact with

zirconia and titanium, others report a better biocompatibility of zirconia. ™
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Immunohistochemical analyses were utilized to identify the y2 chain of Ln-332 as an indication of
gingival epithelial attachmentto uncoated and coated zirconia. An advanced embedding technique
has been previously shown to be applicable forimmunohistoche mical studies with non-calcified

941 The works of Atsuta et. al. have previously identified the presence of Ln-332

teethandimplants.
inthe peri-implant epithelium in contact with titanium.*'° They reported the distribution of Ln-332
inthe basal cells of the PIE already 3 days after implantation."® Two weeks afterimplantation Ln-332
was strongly expressed at the PIE-implantinterface despitethe upperportion of the epithelium. The
results of this study and the distribution of Ln-332in the PIE around zirconia coated with TiO, are in
agreement with the works of Atsuta et. al.® *° TiO, coating seems to enhance the synthesis and
deposition of Ln-332in the epithelial attachmentto the implant surface. Also the connective tissue
attachment to the implant surface is firm and tight. The results of the dynamic modulus analyses
also support the histological findings. It may be inferred that tissue attachment to zirconia
abutmentsisinferiorto that of titanium and that zirconia abutments require further optimization to

achieve soft-tissue attachment. This optimization was attempted in this study through sol-gel

derived TiO, coatings.

It isunknown and difficult to estimate how much attachmentis needed clinically in orderto resist an
inflammatory breakdown of the seal. However, this was attempted in another experiment by Atsuta

1.** where horseradish peroxidase (HPR) test was used to mimic bacterial ingression into the

et. a
gingiva surrounding zirconia and titanium. HPR was found in the connective tissue under the PIE

around zirconiaand it was concluded that zirconiaimplants had a weaker seal with epithelial tissue

and were at higher risk of infection compared to titanium counterparts.
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It is noteworthy that keeping the tissue explant alive and dynamic for a long culture period is
obviously achallenge in this tissue culture model, and some changes seenin the histological images
of 14 days cultures may partly be explained by beginning loss of tissue cohesion.’” Moreover,
preservation of both the morphology and immunogenity of the implant-soft tissue attachmentis a
challenge forthe histological protocol. Hard and soft tissues would demand different modifications
of histological working procedures. However, the presented method has its advantages compared to
mechanical removal of the gingival tissue from the implant surface, when all cell adhesion molecules
may not be preserved. Sawing and grinding the implant samples causes friction which may lead to
artefacts like tissue rupturing and detachment of soft and hard tissues. In this study, it was
concluded that detachment of gingival soft tissue from the uncoated implant surface was also due to
less favorable cell adhesion compared to coated samples. With coated samples, the epithelial tissue
seemed to be tightly attached to the implant surface although there were ruptures within the
connective tissue. Bettertissue morphology could possibly be achieved by grinding the sections by
hand with diamond discs. In addition, cutting very thin sections of zirconiais not technically possible
which may cause problems for immunohistochemical studies and microscopic examination of the

sections.

Softtissues, including the gingival tissue, and the attachmentapparatus formed betweenthem and a

43-45

dental implant abutment, are viscoelastic in nature. A viscoelastic material is a material that

exhibits both elasticand viscous characteristics, i.e., its behavior contains both elasticand dissipative

647 Elastic materials deform under stress and return to their original

components of deformation.
state when the stressisremoved, whileviscous materials return overtime to a state similar, but not

identical, to the original state.”’ In addition, teeth, gingival tissue and dental materials including

implants, are constantly subject to repetitive forces of mastication. For such materials, dynamictests
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such as dynamicmechanical analysis provide more relevantinformation about their properties than
traditional static tests. During dynamic testing, a specimen undergoes a load of sinusoidal
deformation (strain) at a frequency and the corresponding forces or deformations are measured.*
With viscoelastic materials, the strain lags behind the stress, with the material undergoing
deformation and reformation back to the original state simultaneously as the next round of cyclic
loads are applied.® This study involved the application of oscillating forces in shear, similar to that of
mastication at the physiological frequency (1 Hz), to the specimens and the response of the
attachment apparatus to deformation was analyzed. Most research in the literature testing
mechanical properties of dental materials and implants traditionally implement static methods of

evaluation.>***°

The information provided by these tests are associated with a longer time scale
than that of mastication and can be a source of misleading results.* Dynamic methods are preferred
and are more clinically relevant because they mimicthe cyclicmasticatory loading to which materials
are subjected. The higher dynamic modulus reported with TiO, coated zirconia specimens, together
with the immunohistochemical analyses, translates to a proof of stronger attachment with the
surrounding tissue. Similarly, under pseudo-static (creeping) conditions, a higher force will be
required to cause sliding of TiO, coated zirconia implants to the same arbitrary deformation when
compared to uncoated implant/tissue complexes. Although the low sample number utilized in the

study might be regarded as a limitation, the differences observed are the result of comparison of

several data sets obtained from each sample and are substantial enough to draw conclusions. *°

Conclusively, the clinical implication of this study is that the coated zirconia abutments have a
stronger attachment to the surrounding gingiva and hence resist trauma and bacterial attack for a
longer time. The coatings help in providing a separation of the intraoral and peri-implant

environments, and theirattachmentto the surrounding soft tissue undergoes less deformation over
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time whenthe implantsare infunction. Even with the presented limitations, this study indicates the
benefits of the coated zirconiaabutments and enables their application for more research in clinical
environments to further understand their properties and the mechanism by which their bond forms

with the surrounding gingiva.

5. Conclusion

This study shows the distribution of Ln y2 chain in the developing epithelial attachment with
zirconia. The early synthesis and deposition of Ln-332 in the epithelial bond with sol-gelderived TiO,
coatings on zirconia may enhance soft tissue attachment. Under physiological dynamicloading, a

stronger attachment was observed with TiO, coated zirconia compared with uncoated zirconia.
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Figure 1. Schematicview of the culture model. Tissue/implant specimenis suspended in the culture

medium atan air/liquid interface.
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Figure 2. (A) Schematicview of the dynamic mechanical analysis test set-up and (B) computer model.

Tissue holdingimplants are supported on a holder and dynamic loads are exerted on the top of the

@ implant creating distortionin the tissue. The model (B) shows symmetric part of the tissue and the
ﬁ support with displacements, stresses and traction forces (see text for details).
o
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Figure 3. Steps, solutions and incubation times used in this study’s modification of the novel

embeddingsystem . RT: Room temperature, BS: base solution.
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Figure 4. (A) Initial dynamic modulus of the tissue attachment apparatus calculated in both test
groups at day 7 and 14 of culture (mean * standard deviation). (B) Tangent creep modulus of the

tissue attachment apparatus calculated in both test groups at day 7 and 14 of culture (mean %

standard deviation). For both groups n=2/time-point.
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Figure 5. The mean difference between creeping modulus in dynamics (1 Hz) of one coated (No. 4)
and uncoated (No. 6) samples are reported as Gardner-Altman estimation plot. Every measurement
istaken at the same sample butat a different deformation amplitude (from 1to 25 um). Both groups
are plotted on the left axis; the mean difference is plotted on a floating axis on the right as a
bootstrap sampling distribution. The mean difference is depicted as a dot; the 95% confidence
interval isindicated by the ends of the vertical errorbar. The paired mean difference between No. 4

and No. 6 is -81.8 MPa [95.0%Cl -146, -29.7]. The two-sided P value of the Mann-Whitney test is
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0.0376. The effect sizes and Cls are reported above as: effect size [Cl width - lower bound; upper
bound] 5000 bootstrap samples were taken; the confidence interval is bias-corrected and

accelerated. The P value reportedis the likelihood of observing the effectsize, if the null hypothesis

of zero difference is true.
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Figure 6. Light microscopy images of distribution of laminin y2 in porcine gingival tissue and
implant/tissue complexes cultured in vitro. E: epithelium, CT: connective tissue. |: implant.

Hematoxylin counterstaining.
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A. Porcine gingival tissue cultured at the air-liquid interface for 7 days and stained with laminin y2
chainantibody specificfor Ln-332. A clear staining can be detected at the basement membrane zone
between the epitheliumand the connectivetissue (black arrow heads). The superficial layers of the
gingival epithelium are sloughing off from the basal compartment of the epithelium, which is a

phenomenon seenin all tissue cultures included the study.

B. A coated zirconia implant inserted in the middle of the tissue explant and cultured for 7 days in

vitro. The epithelial and connective tissue are firmly attached to the implant surface.

C. A coated implant/tissue complex at day 7 of culture. A delicate lamininy2 positive staining can be
detected atthe basal epithelial cells adjacent to the implant surface and at the basement membrane
facingthe gingival connectivetissue (black arrow heads), but notinthe cells attached to the implant

surface.

D. A non-coated implant/tissue complex at day 7 of culture. Epithelial and connective tissue are
attached to the implant surface, but laminin y2 cannot be detected at the implant-epithelium

interface.

E. A coated implant/tissue complex at day 14 of culture. Laminin y2 is strongly expressed along the

innermostlayerof the epithelium with the coated implant surface (black arrow heads) despite the

most coronal part of the epithelial attachment.

F. Porcine gingival tissue cultured for 14 days attached to the non-coated implant. The tissue has
totally detached from the implant surface during cutting the tissue specimen (visual inspection) and
the implant can not be seen in the figure. There are a few delicate spots of positive laminin y2
staining detected at the surface of the epithelium that has been attached to the implant surface

(black arrow heads).
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G. A coated implant/tissue complex at day 14. The rupturing of the connective tissue (white arrow)
in coated implant/tissue samples is seen 50-200um away from the connective tissue-implant

interface.

H. A coated implant/tissue complex at day 14 of culture. Despite sloughing of the uppermost
epithelial celllayers (top white arrow), the upper part of the epithelium was still tightly attached to
the body of the implant. Also, a thin layer of connective tissue is firmly attached to the implant

(bottom white arrow).
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