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Background and Objective: Studies of peri-implant soft tissue on in vivo models

are commonly based on histological sections prepared using undecalcified or

‘fracture’ techniques. These techniques require the cutting or removal of implant

during the specimen preparation process. The aim of this study is to explore a

new impression technique that does not require any cutting or removal of

implant for contour analysis of soft tissue around four types of titanium (Ti)

surface roughness using an in vitro three-dimensional oral mucosal model

(3D OMM).

Methods: The 3D OMM was constructed by co-culturing a keratinocyte cell line

TR146 and human oral fibroblasts on to an acellular dermis scaffold. On the

fourth day, a Ti disk was placed into the model. Four types of Ti surface topog-

raphies, i.e. polished, machined, sandblasted and anodized were tested. After

10 d of culture, the specimens were processed based on undecalcified (ground

sectioning), electropolishing and impression techniques for contour analysis of

the implant–soft tissue interface.

Results: Under light microscopic examination of the ground and electropolish-

ing sections, it was found that the cell line-based oral mucosa formed a

peri-implant-like epithelium attachment on to all four types of Ti surfaces. In

contour analysis, the most common contour observed between the cell line-

based oral mucosa and Ti surface was at an angle ranging between 45° and 90°.

Conclusion: The in vitro cell line-based 3D OMM formed a peri-implant-like

epithelium at the implant–soft tissue interface. The contour of the implant–soft

tissue interface for the four types of Ti surface was not significantly different.
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The peri-implant tissue responses

especially in relation to the osseointe-

gration of various dental implant sur-

faces have been widely reported. As

important as the hard tissue response,

the soft tissue around the implant

plays an important role in determin-

ing the long-term success of dental

implant treatment (1–3). It forms a

biological seal around the implant to

protect the underlying tissue from the

invasion of microorganism.

The soft tissue component of

implants consists of peri-implant epi-

thelium and fiber connective tissue at

the coronal and apical part of the

implant, respectively (1,3–5). Studies

have shown that the soft tissue

response was influenced by various

factors such as implant surface

topography (6), abutment materials

(7,8), implant systems (9,10) and sur-

gical techniques (11,12). These types

of studies were usually carried out

on animal models, in which the peri-

implant mucosa, or its biologic

width has been widely reported. The

sample preparation for the histomor-

phometric analysis of the implant–
tissue interface is mainly based on

two methods (13), i.e. undecalcified/

ground sectioning techniques (12) or

‘fracture’ techniques (14). In undecal-

cified/ground sectioning technique,

the whole specimens containing the

implant metal were embedded, cut
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and grounded into thin ground sec-

tions. Hence, the implant metal

remained intact in the final ground

sections, which provides an intact

implant–tissue relationship at the

interface for analysis. However, it is

a technical demanding procedure as

the specimens contain different types

of ‘materials’, i.e. the hard metal

implant (titanium, Ti) and soft tissue.

The soft tissues would be grounded

more than the metal surface, resulting

in an uneven histological section. In

contrast, the ‘fracture’ technique sepa-

rates the implant (Ti) from the speci-

men before being processed for

histological sections. An example of

this technique is by dissolving the

bulk of the Ti implant using an elec-

tropolishing technique. However, the

disadvantage of implant removal is

that it leaves a ‘space’ in histological

sections. Hence, evaluation of the

direct relationship of the tissue to the

implant surface at the interface may

be compromised. Thus, both tech-

niques have their limitations. A more

detailed discussion of the advantages

and disadvantages of the sample

preparation techniques for the

implant–soft tissue interface analysis

have been reported (13).

In this paper, we would like to

report a simple technique, which is

without any involvement of cutting

or separation of the implant, for the

implant–soft tissue interface investi-

gation. In our previous study (15),

an in vitro primary cell-based oral

mucosa model has been developed

and showed a peri-implant-like epi-

thelium (PILE) attached to the Ti

surfaces as seen in animal models.

In this study, a cell line-based three-

dimensional oral mucosal model (3D

OMM) was constructed. The aim of

this study was to explore a new

impression technique to analyze the

contour between the cell line-based

oral mucosa and Ti surfaces of four

different types of Ti surface topog-

raphies. Three sample preparation

techniques for the implant–soft
tissue interface analysis were

reported, including ground section-

ing, electropolishing and impression

techniques.

Material and methods

Construction of a cell line-based

three-dimensional oral mucosal

model

In this study, a cell line-based 3D

OMM was constructed using modifi-

cation of a previous oral mucosal

model (15). Ethical approval was

obtained from the North Sheffield

Research Ethics Committee. An acel-

lular human cadaveric dermis

(Alloderm, LifeCell, Branchburg, NJ,

USA) of 0.9 mm thickness was cut

into a 12 mm diameter disk before

rehydrated in culture medium for

about 15 min. The rehydrated dermis

was then placed into 12 mm diameter

inserts, which have 0.4 lm pore size

and 1 9 108 pore density/cm2 (Costar

12 mm Snapwell Insert, Corning Life

Sciences, Corning, NY, USA). An epi-

thelial cell line TR146 (a gift from

Cancer Research UK) and human

oral fibroblasts (passages 2–5) from

frozen stocks were de-frozen and cul-

tured in Dulbecco’s modified Eagle’s

medium containing 50 U/mL penicil-

lin, 50 U/mL streptomycin and

625 ng/mL fungizone (the agents men-

tioned above were purchased from

Sigma-Aldrich, Dorset, UK), supple-

mented with 10% fetal calf serum

(Biowest, East Sussex, UK). When the

cells reached confluence, a 150 lL of

cell suspension with a mixture of

TR146 and human oral fibroblasts at

a density of 0.5 9 106 each was pre-

pared and inoculated on to the base-

ment membrane side of the acellular

dermis. Each well was then filled with

5.5 mL of culture medium in a six-

well plate. These models were incu-

bated in an incubator at 37°C in an

atmosphere of 95% air/5% carbon

dioxide (Galaxy R�, Scientific Labo-

ratory Supplies Ltd. East Riding of

Yorkshire, UK) for 3 d. On the fourth

day of culture, a 4 mm diameter hole

was prepared using a sterile disposable

tissue biopsy punch (Stiefel Laborato-

ries, Bucks, UK). A Ti disk (5 mm

diameter 9 2.5 mm height) was then

placed into the punched hole. Four

types of Ti surfaces were tested, in

which the polished, machined (turned)

and sandblasted surfaces were pre-

pared from a commercially pure

grade-4 Ti rod (grant 2008-757, Nobel

Biocare) using in-house equipment,

and the anodized disks (TiUnite�)

were prepared by Nobel Biocare

(Gothenburg, Sweden). The 3D OMM

was further cultured in submerged

position in the medium (as above),

and gradually reduced to near air–
liquid interface over a period of 6 d.

Characterization of the three-

dimensional oral mucosa

The 4 mm punched oral mucosal

equivalent (OME) obtained during the

4 mm hole preparation was cultured

parallel with the 3D OMM. At the end

of the culture, the punched tissue was

characterized using immunohistochem-

istry staining based on the avidin–
biotin complex method (15). A human

gingival buccal mucosa biopsy was

used as the control. Briefly, the forma-

lin-fixed, wax-embedded sections were

dewaxed in xylene and rehydrated

through a graded alcohol series. The

sections were then treated with 0.3%

hydrogen peroxide in methanol to inhi-

bit endogenous peroxidase. The anti-

gens were then retrieved by incubating

in 0.1% trypsin at 37°C for 20 min.

Mouse monoclonal primary antibodies

(Vector Labs, Burlingame, CA, USA)

of CK10 and CK13 at a concentration

of 1 : 50 and 1 : 200 respectively were

used to stain the keratinocyte antigens

in the epithelium. Following that, the

sections were treated with biotinylated

antimouse secondary antibodies

(Vector Labs). The reactions were visu-

alized by staining with 0.05% diam-

inobenzidine and then counterstained

with hematoxylin for light microscopy

(LM) examination.

Interface examination

Three sample preparation techniques

were employed for interface examina-

tion, i.e. ground sectioning (undecalci-

fied), electropolishing and impression

techniques.

Ground sectioning technique— At the

end of the 10 d culture period, the 3D

664 Chai et al.



OMM was fixed with 2.5% glutaralde-

hyde in 0.05 M sodium cacodylate buf-

fer at pH 7.15 for 2–3 d, and post-fixed

with 1% OSO4 for 2 h. It was then

dehydrated in a series of ascending con-

centrations of ethanol, i.e. 50%, 70%,

90%, 95% and 100% and 1,2-propyl-

ene oxide for 60 min each, in which

two changes of solution for each

concentration were carried out. The

specimens were then pre-infiltrated in a

mixture of 1,2-propylene oxide/epoxy

resin (1 : 1) for 2 h followed by infiltra-

tion in pure epoxy resin (Agar Scientific

Ltd., Stansted, Essex, UK) overnight.

Following that, the specimens were

embedded in new epoxy resin and poly-

merized at 40°C for 15 h and finally at

60°C for 48 h. The embedded speci-

mens were then cut in half using a dia-

mond band saw (0.1 mm D32) on a

cutting machine (Exakt 300, Exakt Ap-

paratebau, Norderstedt, Germany).

One-half of the block was prepared

using the ground sectioning technique,

while the other half was prepared using

the electropolishing technique.

For ground sectioning, the half

block was re-embedded in acrylic

resin (LR White, London Resin Com-

pany, London, UK) with the cut sur-

face exposed for polishing. Under

constant pressure, the cut surface of

the re-embedded block was polished

on a grinding machine (Exakt 400CS,

Exakt Apparatebau) using waterproof

silicon carbide papers of grit P1200

(Struers, Gothenburg, Sweden). After

achieving a satisfactory polished

surface, the cut surface was glued on

to a plastic slide with Technovit 7210

VLC resin (Heraeus Kulzer GmbH,

Wehrhelm, Germany) and polymer-

ized with a light source (Exakt-

precision adhesive system, Kulzer,

Norderstedt, Germany). Subsequently,

the glued block was cut into a

100–150 lm thick section using a dia-

mond band saw on a cutting machine

(Exakt 300, Exakt Apparatebau). The

thickness of the thin section was

further reduced to 25–30 lm by

grinding and polishing on silicon car-

bide papers under a constant pressure

on the grinding machine. Lastly, the

ground sections were stained in 10%

hydrogen peroxide (H2O2) for 10 min

followed by Richardson solution

(equal parts of 1% azure II and 1%

methylene blue in 1% borax) (16) for

30 min before LM examination.

Electropolishing technique— The other

half of the epoxy resin block was pro-

cessed with the electropolishing tech-

nique (15). Briefly, the bulk of the Ti

metal was dissolved in an electrolytic

solution, consisting of 5% perchloric

acid, 35% n-butanol and 60% metha-

nol at �30°C. In the setup, the speci-

mens served as cathode, while a

platinum ring around the specimens

served as the anode. The electropo-

lishing process was performed at

200 mA/cm2 and 24V for about

4–5 h. The dissolved blocks were then

cut into semithin sections (1–1.5 lm
thick) using glass knives on a micro-

tome (Ultracut Reichert-Jung, ISS

Group Services, Manchester, UK).

Following that, the semithin sections

were stained with toluidine blue and

then examined under LM.

Impression technique— For contour

analysis of the interface, the 3D

OMM was duplicated into a silicone

model using two different colored

light-bodied silicone impression mate-

rials (Aquasil Ultra LV, Smart Wet-

ting� Impression Material, Dentsply

Caulk International Inc., Milford,

DE, USA). Briefly, at the end of the

10 d culture period, an orange-col-

ored light-bodied silicone impression

material was carefully injected onto

each 3D OMM to record the contour

of the interface of the cell line OME

and the Ti surface. After setting, the

orange silicone was separated from

the models. Following that, a blue

light-bodied silicone was injected into

the set orange impression materials

(Fig. 1A). Subsequently, the dupli-

cated silicone models were cut with a

scalpel blade at north to south, east

to west, northeast to southwest and

northwest to southeast directions

(Fig. 1A). Hence, eight sites for each

sample could be examined under a

stereomicroscope (Discovery V8, Carl

Zeiss, Jena, Germany). The angle

between the OME and the Ti disk at

the interface (see inset in Fig. 1A)

was categorized into the following

three scores: (i) score 1 : < 45°

(Fig. 1B); (ii) score 2 : 45°� 9 �
90° (Fig. 1C); and (iii) score 3 : > 90°
(Fig. 1D).

A total of ten 3D OMMs (n = 10)

in which two samples for each Ti

surface (polished, machined, sand-

blasted and anodized surfaces) and a

negative control group (i.e. an acel-

lular dermis without any cells) were

prepared. The percentage of the

frequency of each score in each

group was calculated. The compari-

son among the four Ti surfaces and

negative control group was analyzed

using a non-parametric Kruskal–
Wallis test.

Results

Characterization of the oral mucosal

equivalent

The cell line-based OME (Fig. 2A) has

shown some mimicking features such

as a well formed stratified squamous

epithelium as seen in the normal oral

mucosa (Fig. 2D). In the immunohis-

tochemistry analysis, the cell line OME

showed a strong expression of CK10 (a

keratinized epithelial marker; Fig. 2B),

but a weak expression of the CK13 (a

non-keratinized epithelial marker;

Fig. 2C) at the suprabasal layer. Fig-

ure 2E and 2F represent the positive

control for the CK10 and CK13 in

normal oral mucosa respectively. This

observation suggests that the cell line

OME has a closer feature to a kerati-

nized oral epithelium.

Interface examination— Figure 3 rep-

resents the results of the LM exami-

nation of the interface for the four

types of Ti surfaces in ground

(Fig. 3A–G) and semithin sections

(Fig. 3H–O). During the ground sec-

tion preparation for the machined

group, one side of the tissue was dis-

lodged from the slide, while the Ti

disk on the other side was detached

from the section during the grinding

procedure, leaving a Ti ‘space’ at the

interface area (Fig. 3C). While in the

semithin sections, the bulk of the Ti

had been removed during the elec-

tropolishing technique leaving a

‘space’ at the interface. However, a

thin Ti oxide layer still remained

Contour of implant–soft tissue interface 665



intact at the interface in sandblasted

(Fig. 3L,3M) and anodized groups

(Fig. 3N,3O) even though the bulk of

the Ti metal had been removed. This

feature provides an advantage for an

intact interface examination. It showed

that both the sandblasted (Fig. 3L,3M)

and anodized (Fig. 3N,3O) surfaces

appeared to be more irregular than the

polished (Fig. 3H,3I) and machined

surfaces (Fig. 3J,3K). In addition, the

semithin sections (Fig. 3H–O) showed

more detailed structures compared to

the corresponded ground sections

(Fig. 3A–G).

Antibody Cell line OM
(TR146 & HF)

Normal oral mucosa (NOM)

Negative control

CK10

CK 13

A

B

C

D

E

F

Fig. 2. Immunohistochemistry staining of the oral mucosa. (A,D) Negative control for cell line and normal oral mucosa respectively. It

was noticed that the cell line oral mucosal model shows strong expression of CK10 at the suprabasal layer (B), but weak expression of

CK13 (C). Both epithelial markers were well detected at the suprabasal epithelial layer of the normal oral mucosa (E,F). Scale

bar = 100 lm.

A B C D

Fig. 1. (A) An impression technique was used to duplicate the three-dimensional oral mucosal model to a silicone model. The dashed lines

indicate the slices made with a scalpel on the silicone model to expose the contour of the interface. The angle between the oral mucosa

(OME) and the titanium (Ti) disk (arrows in the insert) were classified into three scores, i.e.: (B) score 1, < 45; (C) score 2,

45°� 9 � 90; and (D) score 3, > 90°. Scale bar = 50 lm.
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Ti disk Ground sections Semi-thin sections

Polished

Machined (No figure in 

this cell)

This section 

was dislodged 

during 

grinding. 

Sandblasted

Anodized

A H IB

J KC

D L ME

F N OG

Fig. 3. A comparison of ground and semithin sections of the 3D OMMs for polished, machined, sandblasted and anodized groups. (A,B)

Ground sections of the left and right sides of the interface in the polished group. The titanium (Ti) disk of the machine group was dis-

lodged in the ground section, left a Ti space (C). (D–G) Ground sections of both side of the interface in the sandblasted and anodized

groups respectively. (H–O) Semithin sections on both sides of the interface in the polished, machined, sandblasted and anodized groups

respectively. In all sections, it was noted that peri-implant-like epithelium attached to the Ti surfaces at the interface. Scale bar = 100 lm.
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On examination of the OME struc-

ture at the interface area, it was

observed that the OME formed PILE

next to the Ti surfaces. A ‘non-pocket’

type of epithelial attachment, which

refers to the absence of gap between

the epithelium and the Ti surface, was

noticed in all sections (Fig. 3). Interest-

ingly, it was also noticed that PILE

appeared to migrate upward on to the

Ti surfaces forming a ‘slope’ contour at

the interface (see Fig. 3C–L,3N,3O).

The contour at the interface was

evaluated in the impression technique.

From the silicone models, the fre-

quency of each score of the interface

for the four Ti groups and a negative

control was obtained. The frequency

of each score is presented as percent-

age of scores for each group as shown

in Fig. 4.

It was found that score 2, i.e. an

OME attached to the Ti disk at an

angle ranged from 45° to 90°, was the
most frequently observed contour

(p < 0.05). This contour was observed

in 75%, 81%, 81% and 75% in pol-

ished, machines, sandblasted and

anodized groups, respectively. The

percentage of score 2 was not signifi-

cantly different within the Ti groups

but was significantly higher than the

negative control group (47%).

In contrast, compared with the Ti

groups, the negative control group

had a significant highest percentage of

score 1, which has an acute angle of

< 45° (p < 0.05).

Score 3, which has an angle of soft

tissue attachment at an angle of more

than 90°, is the least observed contour

in all the test groups. No statistical

difference was observed in the test

groups.

Contour analysis suggests that

regardless of the different Ti surface

topographies (polished, machined,

sandblasted or anodized), the OME

attached to the Ti surfaces in a rather

similar contour, i.e. usually at an

angle ranging from 45° to 90°.

Discussion

The OME constructed by co-culturing

keratinocyte cell line TR146 and

human oral fibroblasts on the acellular

dermis has shown features mimicking

normal oral mucosa (Fig. 2D). There

were three to four layers of epithelial

cells formed on the epithelium of the

OME (Fig. 2A–C). These features

were similar to that seen in our previ-

ous study using primary cells for the

construction of OME (15). Both

primary and cell line OMEs revealed

well formed stratified squamous

epithelium. Hence, both the primary

and cell line 3D OMMs are more rep-

resentative of an in vivo model com-

pared to a 2D monolayer cell culture

model.

However, there are several disad-

vantages when using primary cells for

OME construction, such as a limited

source of biopsies, variation of the

donors and short lifetime of the cells

(17). As an alternative in this study,

epithelial cell line TR146 (18) was

used for the construction of an

in vitro model. The advantage of

using cell line OMEs is that a larger

number of samples could be produced

in a more consistent and controlled

manner compared to the use of pri-

mary cells. Several investigators have

used cell line OMEs for various in vi-

tro studies (17,19–21). Figure 3 sug-

gested that cell line-based OME also

formed PILE at the interface as seen

in our previous primary oral mucosal

model (15), in which it had been used

in the implant–soft tissue interface

investigation.

In this study, the interface between

the OME and the Ti surfaces were

examined using three different sample

preparation techniques, i.e. ground

sectioning, electropolishing and

impression techniques. The first two

techniques provide descriptive features

of the interface, while the latter tech-

nique allows a quantitative analysis of

the contour by comparison of the

angle between the OME and Ti at the

interface region.

In the ground sectioning technique,

one of the merits of this technique is

that it preserves a direct relationship

between soft tissue and the Ti surface

at the interface (Fig. 3A–G). How-

ever, the disadvantage of the ground

sectioning technique is that it is a

demanding procedure (13). The speci-

mens containing both metal and soft

tissue pose difficulty in obtaining a flat

surface during the grinding procedure,

as the soft tissue was usually ground

faster than the metal implant, and

resulted occasionally in loss of the sec-

tion during preparation as seen in one

of our samples (see Fig. 3C). Thus,

one has to be aware that some speci-

mens will be lost during the ground

sectioning preparation technique.

While in the electropolishing tech-

nique, the bulk of Ti was removed

leaving a Ti space at the interface area,

it may result in difficulty in determin-

ing the direct relationship of PILE to

the Ti surface at the interface (Fig. 3H

–O). However, it was noticed that in

both the sandblasted (Fig. 3L,3M) and

anodized (Fig. 3N,3O) semithin

Fig. 4. A comparison of the percentage of scores of four titanium groups and a negative

control group based on the silicone model in contour analysis. #A significant higher

percentage of score 1 in negative control group than the titanium groups. *A significant

higher percentage of score 2 observed in titanium groups compared to negative control

group.
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sections, a very thin residual Ti oxide

layer remained intact at the interface.

Hence, this allowed evaluation of the

relationship of PILE to the Ti surfaces

in these two groups.

In this study, the same specimen

was embedded before cutting in half,

in which one half was prepared for

ground sections and the other half for

semithin section preparation. Hence,

a comparison of a histological section

that contained Ti (ground sections,

Fig. 3A–G), and without Ti (semithin

sections, Fig. 3H–O) of the same

specimen could be made under LM

examination. Another interesting find-

ing in this study is that semithin

sections revealed more detailed struc-

tures compared to the corresponding

ground sections. This could be attrib-

uted to the fact that after removal of

Ti bulk, a very thin semithin section,

i.e. 1.5 lm could be achieved com-

pared to a ground section (30 lm).

Nevertheless, under LM examination,

both ground and semithin sections

showed that the OME epithelium

proliferated and differentiated into

PILE, as similar to the peri-implant

epithelium structure seen in animal

models. The PILE attached to the Ti

surfaces regardless of the different

types of surface roughness. In other

words, the surface topography does

not have a significant influence on the

soft tissue attachment. This finding is

consistent with an animal study,

which had reported that there is no

significant histomorphometric analysis

between the turned (smooth) and

acid-etched (rough) implants (3).

Lastly, in this study, a new method

was explored using an impression

technique for contour analysis of the

Ti–OME interface. To our knowl-

edge, this is the first time that a con-

tour between the soft tissue and Ti

surface at the interface is being evalu-

ated using an in vitro 3D OMM. A

low viscosity of silicon impression

material was used, as it is able to

flow into the gap at the interface and

records the fine details of the contour

adjacent to the Ti surface. The 3D

OMM was then duplicated into sili-

cone polymer models. With a very

simple way of cutting through sili-

cone polymer models by scalpel, the

contour of the OME at the interface

can be assessed. Besides the easy

preparation technique, the silicone

polymer model provides eight sites of

interface per sample for analysis pos-

sibly minimizing the loss of sections

as seen with other techniques such as

ground sectioning or electropolishing

preparations.

In contour analysis, the score 1

(< 45°) was commonly found in the

negative control group, which does

not contain any cell attachment to the

Ti surfaces, thus forming an acute

angle at the interface. In contrast, the

score 2, with an angle ranges from

45° to 90° between the OME and Ti

surface, was the most commonly

observed contour in the Ti groups.

This may suggest that the cells from

the OME attached to the Ti surfaces

forming a seal around them. How-

ever, these cells may not be able to

migrate/‘climb’ upward to the Ti sur-

face to form an angle of > 90° as seen
in score 3.

In our previous study (15), we have

reported two types of soft tissue

attachments, i.e. ‘pocket’ and ‘non-

pocket’ on the Ti surfaces in 3D

OMM. Clinically, the ‘non-pocket’

type of attachment could be related to

a more favorable attachment than the

‘pocket’ type, as the latter has a

higher risk of plaque retention, which

may result in peri-implantitis. In this

study, only a ‘non-pocket’ type of soft

tissue attachment was present in the

cell line-based 3D OMM. However,

when compared to the result of con-

tour analysis in silicone models, where

more areas of interface could be

examined, it revealed that both ‘non-

pocket’ (corresponding to scores 2

and 3) and ‘pocket’ (score 1) type of

epithelial attachments were actually

present in the cell line-based models.

In summary, the cell line-based 3D

OME, which has shown formation of

PILE attachment to the Ti surfaces,

allowedquantitative investigationof the

soft tissue response to implant surfaces.

However, this in vitro model still lacks

some other connective tissue compo-

nentsoftheperi-implanttissueaspresent

in the animal and humanmodels, which

could not be verified in this cell line-

based 3D OMM. This could be a major

drawbackofthismodel.Thenewmethod

described inthis studyforcontouranaly-

sis of the soft tissue–implant interface

provides useful informationon the types

of favorable implant surfaces for soft

tissueattachment.

Conclusion

The cell line-based 3D OMM formed

PILE on to the Ti surface. Contour

analysis of the silicone model pro-

vided useful quantitative information

on the contour of the OME attach-

ment on the Ti surfaces. The contour

of the soft tissue attachment on four

types of Ti surface topographies

tested in this study was not signifi-

cantly different.
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