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Biocompatibility and bioadhesiveness at the
implant-tissue interface are critical in establish-

ing a successful dental implant. Many investigations
have focused on the osseointegration of bone tissue
adhesion/ankylosis to dental implants. However, few
studies have investigated the biologic seal of soft tis-
sue adhesion/attachment to the abutment post of the
implant. Because the biologic seal is considered a

dominant factor in the success of dental implants,
light and electron microscopy analyses were per-
formed in this study to verify the actual state of gingi-
val soft tissue adhesion to the abutment post in vivo.

Materials and Methods

The implants used in this study were blade-type poly-
capillary titanium implants (PCI)1 (Toho-Titanium,
Chigasaki, Kanagawa, Japan) that have been
approved for clinical use in Japan. These implants are
made of commercially pure titanium (JIS, TP-35) and
are of a size suitable for the mandible of a Japanese
monkey. The abutment post was polished to a mirror-
like surface (RZ = 0.5 µm), and the implants were
cleaned with acetone and sterilized using ultraviolet
irradiation (Fig 1).1–3 The blade-type abutment post
was selected for this study because of its ease for
scanning electron microscopic (SEM) investigations.

Institutional Review Board’s approval for the use of
monkeys in this study was obtained prior to the begin-
ning of the experiment. Appropriate consideration
was given to the policies, standards, and guidelines for
the proper use, care, handling, and treatment of ani-
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mals. Six months after the extraction of the first molar
from each side of the monkey’s mandible, one implant
was placed on each side. A total of six implants were
used in three monkeys. At 12 weeks after placement,
the superstructure of a single metal crown (type III
gold-palladium-silver alloy) was mounted.

Single-blinded clinical evaluations of gingival tis-
sue responses to the titanium implants were per-
formed by: (1) measuring the Gingival Indices of
probing depth (PD) with a modified Community
Periodontal Index of Treatment Needs (CPITN)
probe4 using less than 0.2 N probing force4; (2) mea-
suring the Bleeding Index (BI) using the BI method;
(3) measuring the Plaque Index (PI) with a percent-
age of the stained surfaces using 2% fuchsin solution;
(4) measuring the Periotron value (PV) (Ora Flow,
Amityville, NY)5; and (5) measuring the mobility
value (MV) of the implants using the Mobility
Checker (Toei Electric, Kawasaki, Kanagawa,

Japan).6 The results were statistically compared using
the analysis of variance (ANOVA). The alpha level for
data analysis was set at � = 0.05, and differences
were considered significant if P < .05.

After finishing all clinical investigations at 36
weeks postimplantation, the monkeys were sacrificed
under barbital anesthesia by perfusing 3% glutaralde-
hyde solution regulated with 0.2 mol/L cacodylate
buffer in pH 7.4 into the carotid artery. The mandi-
bles were sectioned into small blocks that included
the implant and adjacent gingival tissue after the
superstructure was removed.

The block was cut into two pieces with a diamond
saw under frozen conditions. One block was analyzed
under a light microscope and the other using SEM.
For SEM analyses, the gingival tissue was peeled
from the implant post surface and tied with pins. The
block specimen was refixed with 3% glutaraldehyde
solution for 24 hours. The geographic distribution of
bacterial flora and epithelial cell attachment/adhe-
sion were evaluated at the subgingival area of the
post surface.

Results

Clinical Investigations on Gingival Index. At 12
weeks after the mounting of the superstructure (24
weeks postimplantation), one implant was described
as unserviceable because of gingivitis and consider-
able mobility. The implant had an MV of 4.52, a PD of
12.5 mm, a BI of 100%, a PV of 60 or more, and a PI
of 100%. This unsuccessful implant was not included
in the statistical analysis of clinical measurements.

Normal range of the MV in a natural tooth is 0.5
to 2.5.5 At 4 weeks postimplantation, the mean MV
(± 1 SD) for the five implants testing in buccal and
lingual directions was 2.61 ± 0.67 (Table 1). The MV
significantly decreased to 1.15 ± 0.34, 1.32 ± 0.47,
and 1.06 ± 0.45 at 12, 24, and 36 weeks postimplanta-
tion, respectively.

Table 1 also shows the PD and PV at 4, 12, 24, and
36 weeks postimplantation. At 4 and 12 weeks

Fig 1 Titanium polycapillary implant placed in monkey
mandible. The abutment post on the implant has a mirror-like
surface, and the implant body (asterisk) is roughened by means
of a 4% hydrofluoric pickling acid solution.

Table 1 Clinical Investigations of Gingival Tissue Responses to the Successful
Implants

No. weeks postimplantation

Clinical measures* 4 12 24 36

Plaque Index (%) 10 20 80 80
Bleeding Index (%) 10 30 20 20
Probing depth (mm ± SD) 3.08 ± 1.61 2.50 ± 1.43 1.56 ± 1.29 1.56 ± 1.40
Periotron value (± SD) 6.50 ± 3.89 5.30 ± 3.00 4.10 ± 2.08 3.10 ± 1.66
Mobility value (± SD) 2.61 ± 0.67 1.15 ± 0.34 1.32 ± 0.47 1.06 ± 0.45

*All values were measured on the lingual and buccal sides of each implant.
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postimplantation (prior to the mounting of the super-
structure), the mean PD (± 1 SD) at the two sites of
each implant post (buccal and lingual) was 3.08 ±
1.61 mm and 2.50 ± 1.43 mm, respectively. At 24 and
36 weeks (after the mounting of the superstructure),
the mean PD (± 1 SD) significantly decreased to 1.56
± 1.29 mm and 1.56 ± 1.40 mm, respectively. As with
the PD, a statistically higher PV was observed at 4
and 12 weeks postimplantation. The mean PV (± 1
SD) at 4 and 12 weeks postimplantation (prior to the
mounting of the superstructure) was 6.50 ± 3.89 and
5.30 ± 3.00, respectively. However, at 24 and 36
weeks postimplantation, the mean PV (± 1 SD) sig-
nificantly decreased to 4.10 ± 2.08 and 3.10 ± 1.66.

Also shown in Table 1, the BI ranged from 10 to
30% throughout the study. The PI was at a low level
of 10 to 20% before the mounting of the super-
structure. After the superstructure was mounted, at
24 weeks, the PI increased to 80%. Plaque of bac-
terial flora was observed using the SEM analyses on
all surfaces of the six implants at 36 weeks postim-
plantation.

Light Microscopic Observation. The tooth neck
was covered with gingival tissues and was protected
from marginal contamination by the junctional
epithelium that was attached closely to the tooth sur-
face. The keratinized epithelium of the oral mucosa
continued to the oral sulcular epithelium and grew
downward between the junctional epithelium and the
prickle cell layer to the root apex. Small changes in
tissue response were observed at the titanium implant
as compared to the natural tooth. The keratinized
epithelial cells grew downward along the implant post
surface to the implant apex. However, their cellular

characteristics gradually changed to a more nonkera-
tinized state and had a more vital condition in the
deeper area, in which the keratinized cells trans-
formed to a junctional epithelial-like cell (JELC). The
flattened epithelial cell sheath followed the JELC
(Figs 2 and 3). Apical growth of epithelialization was
observed along the post surface. At the site of cervical
epithelialization, advanced epithelial cells came into
contact with the fibrous tissue adhered/attached to
the implant post surface (Figs 2 and 3).

When pathologic symptoms were caused by
mechanical and chemical irritation as a result of set-
ting cement, plaque of bacterial flora, and debris
invasion, the epithelial cells showed degeneration
with swelling and karyorrhexis. As shown in Fig 4,
the degeneration of epithelial cells was accompanied
by an inflammatory reaction of round cell migration
and/or infiltration into the epithelial tissue layer from
the submucous connective tissue. Some of the
epithelial cells were agitated by pathogenic factors,
and the apical epithelialization developed actively
along the implant surface and was restrained with a
barrier of connective tissue attachment (Fig 5).

SEM Investigation. Figure 6 shows the surface
of a serviceable implant post after the gingival tissue
has been peeled off. From the SEM micrograph,
three zones (plaque, nude, and epithelial cell attach-
ment) were observed. The plaque zone (PZ) con-
sisted of bacterial flora and debris, which were
located in the area of the implant crevice. The nude
zone (NZ), a mucous substance, consisting of a sand-
wich layer of extracellular substance and oral and
body fluids, was observed in the area of indirect
epithelial cell adhesion. The epithelial cell attach-

Fig 2 (Left) Gingival tissue contact to
the successful implant 36 weeks postim-
plantation. Arrow indicates the cervical
epithelialization. (Bar = 200 µm.)

Fig 3 (Right) Epithelial cell adhesion to
the successful implant 36 weeks postim-
plantation. E = epithelium; CO = con-
nective tissue; K = keratinized epithe-
lium; ES = epithelial sheath; JEL =
junctional epithelial-like cell; asterisk =
gingival pocket. (Bar = 100 µm.)
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Fig 6 SEM of abutment post after
removal of gingival tissue. GT = gingival
tissue; PZ = plaque zone; NZ = nude
zone; ECAZ = epithelial cell attachment
zone; asterisk = cut surface. (White cir-
cle indicates the area enlarged in Fig
9a.)

Fig 7a SEM of plaque zone showing
micrococci in a fine filamentous net-
work.

Fig 7b Spirochete colony (arrows) in
the deep area of PZ.

Fig 7c Bacillus colony in the shallow
area of PZ.

Fig 4 (Left) Unfavorable implant 36
weeks postimplantation. E = epithelium;
RM = round cell migration; IS = implant
space.

Fig 5 (Right) Apical epithelialization
continues from Fig 4. IS = implant space;
CO = connective tissue; ES = epithelial
sheath; arrowhead = cervical epithelial-
ization at 8 mm probing depth.

Fig 7a

Fig 7b

Fig 7c
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ment zone (ECAZ) was located in the deepest area of
the implant/epithelial tissue interface.

In the PZ, many kinds of microorganisms, such as
bacillus, micrococcus, and fine filamentous network
(produced by hyphae of yeast), were commonly
observed. In addition, a spirochete colony was occa-
sionally observed. The habitats of these colonies were
ecologically segregated (Figs 7a to 7c). At the bottom
of the implant crevice, a mucous substance was
observed in the NZ. The mucous substance consisted
of mucin from the saliva and extracellular exudate 
from the epithelial cells. In addition, some bacterial
and/or cellular debris, which were rarely detected by
the SEM, were also observed in the NZ (Fig 8). The
ECAZ was located at the deepest area of the epithe-
lial cell layer, with the monolayer cell sheet of epithe-
lium strongly attached directly to the implant post
surface. Separating the gingival tissue from the
implant post did not cause the epithelial cell sheet to
detach from the post surface. The attached epithelial
cells represented an active living state of microvilli,
pseudopodia, and filopodia. Migration of leucocytes
was also observed in the intercellular spaces.

In the area of loose cell adhesion at the cell-
implant interface, part of the attached epithelial cell
sheet was removed from the post surface after the
separation (Figs 9a and 9b). An example of the bacte-
rial attack through the mucous area of the NZ to the
attached epithelial cell sheet was visible at the NZ-
ECAZ interface. The protective biologic mechanism
against such an attack was demonstrated by the
migration of leucocytes through the intercellular
space of the epithelium (Fig 9c).

An SEM micrograph of an unsuccessful implant is
shown in Fig 10a. Epithelialization of the unsuccess-
ful implant is exhibited by vigorous elongation of the
apical epithelialization along the post surfaces. The
epithelial tissue substratum was separated into two
layers. One layer was the attached epithelium (AE) to
the implant surface; the other layer was the main
epithelium (ME) attached to the underlining connec-
tive tissue. The separation at the implant-tissue inter-
face may have been caused by thermal shrinkage of
the tissue during the freezing process and/or chemical
shrinkage during the glutaraldehyde fixation. At a
higher magnification (Fig 10b), small gaps between
the attached AE and the implant surface and large
spaces between the layers of AE and ME were
observed. The AE layer was occasionally removed
from the implant surface because of the poor adhesive
strength at the cell-implant interface (Fig 10b).

Apical Epithelialization. In rejecting the implant
as a foreign body, epithelialization occurs naturally
along the dental implant surface. Protection against
apical epithelialization is necessary for retention of

the dental implant. It is known that physicochemical
irritation caused by bacterial invasion, food debris
ingress, and mechanical movement of the implant
promotes epithelialization. In the serviceable implant,
epithelialization was prevented at the shallow area of
implant-tissue interface by a barrier of connective tis-
sue attachment/adhesion. However, in the case of the
unserviceable implant, epithelialization was pre-
vented at the deep area (Fig 10a) of the implant-
tissue interface. In addition, the Gingival Indices of
the unserviceable implant were higher than were
those for the serviceable implants (Table 1).

Discussion

This study demonstrated the morphologic protocol of
the biologic seal that acts as a barrier against bacterial
invasion and food debris ingress into the implant-
tissue interface.7 Before discussing the biologic seal,
the terminology for tissue/cell attachment or adhe-
sion must be addressed to clear up misunderstand-
ings and to avoid further confusion. For example,
“tissue attachment” has been referred to as fibrous
tissue intrusion into the dentin and/or cementum of
the natural tooth. There is no tissue attachment sys-
tem for dental implants, except in a very rare case as
reported by Buser et al8 and by Nishihara.9 Thus, a
new technical terminology for dental implantology
should be considered.

Based on this report and on previous in vitro,10–14

in vivo,15–20 and clinical investigations21–25 on the
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Fig 8 SEM of the nude zone. The upper
white line indicates the border between
the PZ and the NZ, and the lower white
line indicates the border between the NZ
and the ECAZ.
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Fig 10a (Left) Tissue-implant interface
of unfavorable implant. ME = main
epithelium; AE = attached epithelium to
titanium surface; CT = connective tissue;
B = bone. Detached epithelium from the
implant surface is indicated by double
arrows and the forefront of apical epithe-
lialization is indicated by an arrowhead.

Fig 10b (Right) Enlarged magnification
of the upper right corner of Fig 10a
showing the main epithelium (ME),
attached epithelium (AE), epithelial tis-
sue bridge caused by the separation of
epithelium (arrows), and the removed
flap of epithelial cell sheet (asterisk).

Fig 9b (Left) Enlarged magnification of
the upper right corner of Fig 9a showing
the presence of a leucocyte (arrow) in
the intercellular space.

Fig 9c (Right) Enlarged magnification
of the NZ/ECAZ border in Fig 8 showing
the presence of leucocytes (arrow) in the
intercellular space and epithelial cells
(ECA) on the titanium surface.

Fig 9a Enlarged magnification of the
white circle found in the nude zone in
Fig 6. Asterisk = cell sheet flap removed
from the implant surface.
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interfacial reaction between the tissue/cell and
implant post, it is suggested that the following terms
may be appropriate.

The term “cell/tissue attachment to implant”
refers to cell/tissue that has direct contact with the
implant surface and an interfacial space of basal lam-
ina less than about 200 nm thickness (including
hemidesmosome, focal contact,10,11 and interfacial
fusion).12,19,20 The term “cell/tissue adhesion to
implant” indicates an indirect contact or a sandwich
layer of glue19 (about 200 nm or more) between the
cell/tissue and implant surfaces. The sandwich layer
of glue is composed of an extracellular matrix (exu-
date) and body/oral fluids. The gingival epithelium
may produce a greater bonding strength to the tita-
nium implant surface than that of cell-cell attach-
ment. This was apparent when the epithelial cell
sheet remained on the implant surface after the gin-
gival tissue was separated from it (Figs 9a and 10b).

Based on the SEM analyses of PZ, NZ, and ECAZ
in Figs 8 and 9c, the role of each zone in the biologic
seal may be seen in Fig 11:

1. Plaque zone, located at the shallow area of the
implant crevice, is the site for buildup of bacteria
that can attack the gingival tissue. Quirynen et al26

and Wu-Yuan et al27 reported that rough surfaces
accumulate up to 25 times more subgingival
plaque than smooth surfaces. Implants with a sur-
face roughness of less than 0.2 µm have no major
effect on the microbiologic composition subgingi-
vally or supragingivally.28 Abutment posts with
mirror-like surfaces (Rz value less than 0.5 µm)
demonstrated low bacterial compaction. Espe-

cially in the deep area of the implant crevice, bac-
terial adhesion together with the soft tissue may
be removed by separating the gingival tissue from
the post abutment, which may be closely related
to formation of the NZ.

2. Nude zone is formed by disturbing the epithelial
cell attachment/adhesion with bacterial lipopoly-
saccharides, which have a high affinity for tita-
nium surfaces and severe cytotoxicity.29 The post
surface may be covered with glue-like mucous
materials consisting of mucin from saliva, gluco-
proteins, and laminin. These mucous materials are
exuded by the epithelial tissues onto the epithelial
tissue–implant interface. The epithelial cells con-
tact the implant surface indirectly through a
mucous layer of 200 nm or more thickness. It is
suggested that this zone may play a defending role
against the physicochemical attack of bacteria and
food debris ingress.

3. Epithelial cell attached zone occurs at the epithe-
lial tissue–implant interface. It is less than 200 nm
thick and has a basal lamina with focal contacts,
hemidesmosomes, and/or interfacial fusion.

Two hypotheses on the biologic seal have been dis-
cussed during the last 10 years. The first, involving
epithelial cell attachment/adhesion to the implant sur-
face, has been supported with histologic research by
ten Cate,15 McKinney et al,7 Steflick et al,16 Warrer et
al,18 Kawahara,19 and Kawahara et al.20 The other
hypothesis was related to a tight band of keratinized
epithelium and circular collagen fibers without any
epithelial cell attachment. This hypothesis was sup-
ported with clinical investigations by Meffert,21,22

Plaque
zone

Nude
zone

Epithelial cell
attached zone

Plaque

Implant crevice

Keratinized layer

Squamous cell layer

Prickle cell layer

Basal cell layer

Cellular exudate and oral fluid

Junctional epithelial-like cell

Elongated squamous cell

Implant

Fig 11 Schematic drawing showing the three
different zones in the biologic seal.



Ruggeri,17 Wennstrom et al,24 and Kirisch.25 From
the SEM and histologic investigations in this study, it
is suggested that there are two methods of direct con-
tact with the epithelial cell attachment to the implant
surface at the ECAZ and indirect contact with epithe-
lium cell adhesion through the mucous substance of
glue at the NZ (Fig 11).

Histologically, the peri-implant gingival tissue was
similar to that of the natural tooth with some differ-
ences. For the titanium implant, keratinized epithe-
lium was seen to develop toward the implant apex. At
the implant crevice, the keratinized epithelium
changes its characteristics to a more nonkeratinized
condition and transformed to a junctional epithelial-
like cell (JELC) at the NZ. If the JELC continues in a
normal state, direct contact of cell attachment to the
implant surface may be observed by syneresis of the
sandwich layer.19 The JELCs were lined with a squa-
mous cell layer, which was in direct contact with the
implant surface at the deep area, and apical epithelial-
ization along the implant surface was prevented with
close attachment of a barrier of connective tissues.30

In the case of an unserviceable implant, pathologic
responses were induced and promoted primarily by
the physicochemical irritation of setting cement and
secondarily by the presence of cytotoxic elements
from plaque and food debris. Degeneration to
swelling and karyorrhexis in the keratinized and
squamous cell layer, and inflammatory responses with
lymphocytic infiltration were observed in the basal
and prickle cell layer. Active epithelialization devel-
oped toward the apex along the implant surface. At
the forefront of epithelialization, the advanced
epithelial cells encountered the connective tissues,
where both the epithelial and fibroblastic cells com-
peted for adhesion/attachment.

As observed from the SEM analyses (Figs 10a and
10b), the large space in the epithelium was possibly
the result of tissue shrinkage from chemical fixation
and freezing during SEM specimen preparation.
Separation of the epithelial tissue into two layers was
also observed. The AE layer was attached to the
implant surface and the ME layer was bonded to the
connective tissue (CT) layer (Fig 10b). Such findings
suggested that the epithelial cell attachment/adhe-
sion to the implant surface has a greater bond
strength than the cell-cell bonding within the epithe-
lial tissue layer. As shown in Fig 10b, removal of the
AE layer was possible at the poorly adhered portion
of the cell-implant interface. From these SEM inves-
tigations, it is possible to understand the true state of
epithelial attachment/adhesion and apical epithelial-
ization. Active multiplication of epithelial cell devel-
oped toward the implant apex and was arrested at the
front (Fig 10a) in the area where competition for

adhesion between the epithelial cells and connective
tissues occurred.

As for the rise and fall of Gingival Indices during
the animal study, the increase in PI from 12 weeks
postimplantation (prior to the mounting of the metal-
lic crown) to 24 weeks (12 weeks after the mounting
of the metallic crown) was possibly caused by poor
self-hygiene. The decrease in PD and PV from 12
weeks to 24 weeks was possibly caused by the
mounted crown protecting the implant crevice and
surrounding soft tissue from the traumatic presence
of hard food debris during functional mastication. In
this study, there was no relationship between each
Gingival Index. Furthermore, the morphologic
observations in the light and SEM investigations
(degree of apical epithelialization, depth of implant
crevice, width of epithelial cell attachment/adhesion,
and inflammatory reactions) did not always agree
with the Gingival Indices among the five serviceable
implants. However, it must be noted that distinct dif-
ferences between the Gingival Indices of the five ser-
viceable implants (Table 1) and the unserviceable
implant were observed, and these differences were
confirmed by the light and SEM investigations. It
was also revealed that the upper limits of Gingival
Indices for serviceable implants were in the vicinity
of 3 mm for PD, 30% for BI, 7 for PV, 3 for MV, and
80% for PI. However, taking into account individual
differences between each animal, these Gingival
Index data should be reevaluated with a larger sam-
ple size in future studies.

Conclusion

Clinical measurements of Gingival Indices and mor-
phologic observations using light and SEM investiga-
tions were performed to verify the defending mecha-
nism of gingival soft tissue against the attack of
foreign invasions from the standpoint of epithelial
cell adhesion/attachment to the abutment post in
vivo. Six commercially pure titanium implants were
placed in three monkey mandibles. The following
zones were observed using SEM analyses: (1) plaque
zone; (2) nude zone; and (3) epithelial cell attached
zone at the epithelial tissue–implant post interface.
Large concentrations of bacterial organisms were
observed in the PZ, suggesting susceptibility of the
gingival tissues to bacterial invasion. In the NZ, indi-
rect adhesion of epithelial cells to the implant surface
through a mucous layer was observed, and this zone
may play a role in defending against physicochemical
irritation as a result of bacterial invasion and food
debris ingress. Direct attachment of epithelial cells to
the implant surface was observed in the ECAZ. A
stronger bond strength at the cell-implant interface
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was indicated when compared to the cell-cell bond-
ing within the epithelial cell layer.

For the serviceable implants, no significant rela-
tionship was observed between the morphologic
observations and each Gingival Index. However, dis-
tinct differences in the Gingival Indices and morpho-
logic observations were observed between service-
able and unserviceable implants. Gingival Index
measurements for serviceable implants indicated an
upper limit of 5 mm for the probing depth, 30% for
the Bleeding Index, 80% for the Plaque Index, 11 for
the Periotron value, and 3 for the mobility value (the
mobility value for a normal tooth is 0.5 to 2.5). This
study suggests that the epithelial cell attachment/
adhesion may play a dominant role in maintaining
dental implant integrity.
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