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Postrestorative bone levels surround-
ing dental implants are used as one of
the criteria for evaluating implant suc-
cess.1,2 Previous evidence demon-
strates that proximal bone levels are
influenced by the location of the
implant-abutment junction (IAJ) in rela-
tion to the alveolar crest and that the
crestal levels are located approxi-
mately 1.5 to 2.0 mm below the IAJ at
1 year after implant restoration. The
components and dimensions of the
implant soft tissue attachment corre-
late with those of the natural denti-
tion, with the exception being the lack
of attachment of connective tissue
fibers to the implant surface.3–6

This study was designed to eval-
uate whether the roughened surface of
an osseointegrated titanium implant
can be mechanically altered to result in
physical attachment of the supracrestal
connective tissue to the implant, emu-
lating the attachment apparatus of a
tooth. This supracrestal connective tis-
sue attachment to the implant would
prevent apical migration of the junc-
tional epithelium and preserve the
coronal level of bone.

This study also evaluated the
question of whether it is possible to
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have a physical connective tissue
attachment to the collar of a dental
implant. Laser-Lok microchannels
(BioHorizons) are formed by a com-
puter-controlled laser ablation tech-
nique that creates a series of
microgrooved surfaces to optimally
control the orientation of attached
cells. An implant with this collar has the
potential to achieve a connective tissue
attachment. If attachment is possible,
these microgrooved surfaces would
inhibit apical migration of the epithe-
lial attachment and prevent the loss of
crestal bone.7

The soft tissue attachment at an
implant differs from that of the peri-
odontium of a tooth in the orientation
of the connective tissue attachment.
The tooth demonstrates an attach-
ment apparatus with Sharpey fibers

embedded into the cementum and
covering the root surface at an oblique
angle, whereas implants have shown
firm bundles of connective tissue fibers
that parallel the implant surface.8 This
component of the biologic width is
associated with the crestal position of
the alveolar supporting bone.4,9–11

The prevailing contemporary evi-
dence suggests a “die-back effect,” or
loss of crestal bone when a two-piece
dental implant is placed. Preclinical
trials using a dog model confirmed a
3-mm dimension of soft tissues and a
1-mm loss of crestal bone to accom-
modate a position for the connective
tissue of the biologic width.1–3,12

There is evidence of an inflammatory
infiltrate (inflammatory connective tis-
sue [ICT]) associated with the IAJ that
drives the connective tissue element
apically, resulting in bone loss.12

This human histologic project
investigates the potential of creating a
connective tissue attachment to an
implant surface that would emulate
that of a tooth. Samples were exam-
ined using light microscopy, scanning
electron microscopy (SEM), and micro-
computerized tomography (µCT).

Method and materials

Four patients were selected to test the
hypothesis that implants with Laser-
Lok microchannels would create a con-
nective tissue attachment that would
prevent apical migration of the junc-
tional epithelium and prevent the “die-
back effect” of crestal bone. All were
presented with informed consent and
would receive enough implants so that
one could be harvested and the

remaining implants would allow
restoration of their dental arch.

Implant placement surgeries were
performed under local anesthesia with
an oral sedative. Traditional surgical
room preparation was accompanied
by standardized sterile procedures.
Full-thickness flaps were reflected and
the osteotomy sites were prepared
with a conventional sequence of rotary
instruments. Laser-Lok microchannels
have two laser dimensions to encour-
age bone and soft tissue attachment,
and every effort was made to deliver
the implant so that the portion to
receive the soft tissue attachment
would be supracrestal at the mesial
and distal interproximal levels. A visi-
ble line allows discrimination of the
two surfaces (Fig 1). Realistically, not all
bone surfaces are flat, and thus an indi-
vidualized approach may be required.
The healing abutments were delivered
at the time of implant placement,
immediately before flap closure, so
that the results could be compared to
existing preclinical and clinical data.

The patients were monitored at
1, 2, 3, 4, 8, 12, and 24 weeks for
supragingival plaque removal and oral
hygiene instruction. At 6 months, the
implants were harvested en bloc
together with the adjacent soft and
hard tissues so as to preserve the soft
tissue attachment and the ability to
identify the biologic width. The spec-
imens were placed in an appropriate
preservative and delivered for histo-
logic preparation and analysis.
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Fig 1 The Laser-Lok collar of
a dental implant. The red arrow
distinguishes the upper zone,
which consists of 8-µm
microchannels that are 6 µm
deep, from the lower zone,
which consists of 12-µm
microchannels that are 12 µm
deep.

Nevins.qxd  3/14/08  3:37 PM  Page 112



Specimen preparation and
analysis

Microcomputerized tomography
The specimens intended for µCT
examination were fixed in 4% for-
maldehyde and scanned with a Scanco
40 µCT machine without dehydration
or embedding. Approximately 600
horizontal scans per specimen were
evaluated with Scanco software on the
three-dimensional images and on
images demonstrating bone-to-
implant contact. 

Light microscopy
The specimens were prepared for light
microscopy as for nondemineralized
ground sections.13 Polymerized blocks
were initially ground to bring the tissue
components closer to the cutting sur-

nels. There were no signs of inflamma-
tion.The peri-implant tissues consisted
of a dense, collagenous lamina propria
covered with a stratified, squamous,
keratinizing oral epithelium. The latter
was continuous with the parakera-
tinized sulcular epithelium that lined
the lateral surface of the peri-implant
sulcus (Fig 2). Apically, the sulcular
epithelium overlapped the coronal
border of the junctional epithelium (Fig
3). The sulcular epithelium was contin-
uous with the junctional epithelium,
which provided epithelial union
between the implant and the sur-
rounding peri-implant mucosa.15–20

Between the apical termination of the
junctional epithelium and the alveolar
bone crest, connective tissue directly
apposed the implant surface.

face. The final thickness of approxi-
mately 50 µm was achieved by grind-
ing and final polishing according to
methods described. Sections were
stained with toluidine blue/Azur ll. 

Scanning electron microscopy
Specimens intended for SEM were
dehydrated through a graded series of
acetones and dried by the critical point
method14 using carbon dioxide as a
transitory fluid. Specimens were exam-
ined in an SEM.

Results 

The implants were osseointegrated
with histologic evidence of direct bone
contact. There was a connective tissue
attachment to the Laser-Lok microchan-

113

Volume 28, Number 2, 2008

Fig 2 SEM of the sulcular epithelium adjacent
to the upper surface and the healing abutment.
Note the desquamating cells at the level of the
gingival margin (red arrows). Bar = 40 µm.

Fig 3 SEM of the junctional epithelium. Note the
neutrophils located between the cells (red arrows).
Bar = 40 µm.

Sulcular epithelium

Junctional epithelium
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Light microscopic evaluation of
these specimens revealed intimate
contact of the junctional epithelial cells
with the implant surface (Figs 4 to 7).
The microgrooved area of the implants
was covered with connective tissue.
Polarized light microscopy of this area

revealed functionally oriented colla-
gen fibers running toward the grooves
of the implant surface (see Fig 7). SEM
of a corresponding area of the speci-
men confirmed the presence of
attached collagen fibers (Figs 8 to 10).
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Figs 5a and 5b Higher magnifications of Fig 4 showing the peri-implant tissues above the
alveolar bone crest. Note the keratinized oral epithelium and the junctional epithelium
tapering in the apical direction. The red arrows indicate the apical end of the junctional
epithelium. The white gap between the junctional epithelium and the implant surface is an
artifact created during histologic preparation. The implant surface between the apical exten-
sion of the functional epithelium and the alveolar bone is populated by a connective tissue
attachment that can be oserved in Figs 8 to 10.

Fig 4 Ground section of specimen stained
with toluidine blue/Azur ll.
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Fig 6 Still higher magnification of Fig 4 identifies the apical extent
of the junctional epithelium (red arrow). There is then a connective
tissue attachment to the laser microchannel surface that extends to
the point of bone attachment.

Fig 7a Higher magnification of Fig 4 with
polarized light showing the apical extent
(red arrow) of the junctional epithelium (JE).
Note the dense collagen fibers running
apicocoronally.

Figs 7b and 7c View of the connective tissue in contact with the laser grooves (Fig 4 at
higher magnification and with polarized light). Note the functional orientation of the colla-
gen fibers toward the implant surface (white arrows). AV = alveolar bone crest; red arrow =
apical extent of the junctional epithelium.

JE

AV

AV
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All specimens demonstrated a
high degree of bone-to-implant con-
tact (Fig 11) and intense remodeling
activity (Fig 12). In specimens that
showed collagen fibers functionally 
oriented toward the grooves on the
implant surface, remodeling of new
bone in the coronal direction was

observed (see Fig 12). SEM revealed
sulcular epithelium with the desqua-
mating activity of the cells and the
junctional epithelium (see Figs 2 and
3). It appears that the connective tissue
attachment is instrumental in preserv-
ing the alveolar bone crest and inhibit-
ing apical migration of the epithelium.
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Figs 8a and 8b SEMs showing collagen fibers attached to the rough implant surface (original magnification �3.81).

Fig 9 Higher magnification of area shown in Figs 8a and 8b (origi-
nal magnification �9.51).

Fig 10 Area shown in Fig 9 at still higher magnification (original
magnification �22.77).
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Discussion

This report presents human evidence
via SEM and histology of a supracrestal
connective tissue attachment to the
Laser-Lok microchannels. This discus-
sion focuses on two-piece dental
implants, since that is descriptive of
the implant system that was investi-
gated. The question to be answered is
whether a connective tissue attach-
ment to the collar of the implant would
prevent apical migration of the epithe-
lial attachment and thereby inhibit the
loss of crestal bone.

The soft tissue attachment around
a natural tooth demonstrates supra-
crestal attachment of collagen fibers
inserting into the surface of cemen-
tum (Sharpey fibers), with the junc-
tional epithelium immediately occlusal
to these fibers adhering to the tooth
via hemidesmosomes. Goldman
described the Sharpey fiber attach-
ment to cementum as the physiologic
factor that prevents the apical down-
growth of epithelium.7 Observations of
the biologic width in necroscopy sam-

connective tissue portion of the inside
aspect of the flap during abutment
connection.12 The dimensions of the
components of the soft tissue attach-
ment from the microgap to the crestal
bone correlated with the formation of
the biologic width around the natural
dentition, as established by Gargiulo et
al, and the biologic width around
implants is thought to be a physiolog-
ically formed structural unit.8,12

Hermann et al used a canine
model to examine the influence of the
location of the IAJ on the alveolar
crest.3 Two one-part and four two-part
implants were used to examine both
the effect of surgical technique (ie, one-
stage versus two-stage) and the loca-
tion of the rough/smooth interface. By
placing the IAJ (microgap) of two-part
implants in various apicocoronal posi-
tions relative to the bone crest, the
authors found that the bone will
remodel at the time of exposure to
the oral environment so that the IAJ
will be located approximately 2 mm
below the bone crest. This demon-
strated that the location of the IAJ in

ples1 and the healing phenomenon
after surgery challenge earlier thoughts
of bone loss to accommodate a more
apical location to populate new fibrous
attachment to cementum.8–10

The supracrestal soft tissues adja-
cent to an osseointegrated dental
implant include connective tissue and
epithelium that is similar to that around
a tooth, but the connective tissue dif-
fers in its orientation and attachment
because of a lack of cementum to 
provide Sharpey fiber attachment.
Because implants are exogenously
introduced rather than developed
along with the periodontal tissues, it is
expected that the oral mucosal tissues
adapt to the implant surface. Listgarten
et al have illustrated that, because of
the absence of the cementum layer,
most fibers in the region of the
supracrestal connective tissue–implant
interface run in a direction parallel to
the implant surface rather than being
perpendicular and embedded.4

A mucosal barrier, or biologic
width, exists around implants.
Berglundh and Lindhe excised the
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Fig 11 (left) µCT image showing an
overview of osseointegration and the bone-
to-implant contact (in red). Note that the
level of bone contact extends to cover all
threads of the implant and corresponds to
the histologic observations. This supports
the value of the connective tissue attach-
ment to prevent loss of crestal bone. 

Fig 12 (right) Ground section showing
intimate osseointegration of this implant.
Note the intense remodeling activity in the
area of newly formed bone (NB). OB = local
old bone. 

OB

NB
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relation to the alveolar crest has a direct
effect on bone remodeling around
implants and that remodeling is
dependent on the time of exposure to
the oral environment rather than on
surgical technique (ie, one-stage ver-
sus two-stage). In one-part implants,
the crestal bone followed the
rough/smooth interface.

Ericsson et al demonstrated the
presence of two distinct types of
inflammatory infiltrates using a dog
model that allowed plaque accumu-
lation.5 One type, the abutment ICT,
was associated with the IAJ, where the
area of the connective tissue that faced
the IAJ consistently harbored an
inflammatory cell infiltrate. This was
about 1.5 mm high and 0.5 mm wide,
and its apical border was about 1 mm
from the alveolar bone crest. This
resulted in the perceived need to cre-
ate a mucosal seal around implants to
protect the crestal bone from the oral
environment.

The peri-implant mucosa sur-
rounding implants is in many ways anal-
ogous to that surrounding the natural
dentition.3,12,21–28 A lamina propria
extends from the alveolar bone coro-
nally and is covered by keratinized oral
epithelium. In healthy periodontium, a
shallow sulcus forms that is lined by sul-
cular epithelium (see Fig 2). The junc-
tional epithelium most closely matches
the structures around a tooth (see Fig
3). A direct biologic attachment to the
implant or abutment surfaces via a
basal lamina and the formation of
hemidesmosomes has been described
for several implant materials.29–31 

A clinical study conducted by
Glauser et al32 evaluated the peri-
implant soft tissue barrier around

experimental one-piece mini-implants
in humans. The barrier was similar to
that described in animal studies. A 
follow-up study33 used combined light
and transmission electron microscopy
to show that the surface texture of
implants may affect the orientation of
collagen fibers of the connective tissue
at the implant surface.

The Laser-Lok microchannels 
consist of precise, three-dimensional
microstructures that are formed by a
computer-controlled laser ablation
technique. The explanation of this
approach to soft and hard tissue
around dental implants lies in the pre-
vious in vitro and in vivo studies that
were used to develop laser-micro-
grooved surfaces. In a previous series
of in vitro experiments, the effects of
microgrooved substrates with features
in the range of 2 to 12 µm were exam-
ined with respect to the attachment,
spreading, orientation, and growth of
fibroblast and osteoblast cell
types.14,34,35 The most important result
to arise from these studies was the
identification of an optimal series of
microgrooved surfaces with groove
widths and depths in the range of 6 to
12 µm. These surfaces were found to
optimally control orientation of
attached cells, prevent cell migration
perpendicular to the microgrooves,
and substantially inhibit fibroblast
growth by inhibiting cell spreading.
Specifically, 12-µm grooves showed
the best potential for inhibition of
fibrous tissue growth relative to bone
cell growth, and 8-µm grooves showed
the most effective inhibition of cell
migration across the grooves, in effect
acting as a migration barrier. 
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Other studies examined bone and
soft tissue responses to these experi-
mental surfaces as well as to blast-
roughened surfaces of the same metal
composition in a canine implantable
chamber model.13,36 The laser-
microgrooved surfaces exhibited less
fibrous encapsulation and more exten-
sive bone integration than their blast-
roughened counterparts, along with
bone attachments that were oriented
parallel to the microchannels. The sur-
face microgrooves exhibited interdig-
itation with bone, resulting in a
mechanical interlock, with strong resis-
tance to tensile testing.

These in vitro and in vivo studies
provide strong evidence that surface
microtexturing can be used to control
bone and soft tissue responses to
implant surfaces. In the case of smooth
implant surfaces, fibroblasts attach,
spread, and proliferate readily, result-
ing in the establishment of a fibrous
capsule that restricts bone forma-
tion.20,21 Ridge-groove widths on the
order of magnitude of the cells them-
selves guide cell migration and orien-
tation. On dental implants, the micro-
grooved surfaces act to significantly
restrict apical migration of gingival
epithelial cells and fibroblasts, allowing
the slower-growing osteoblasts and
new bone tissue to reach the surface
and establish attachment to the micro-
textured surface.

Conclusion

This paper addresses the topic of soft
tissue attachment to osseointegrated
implants. Contemporary evidence
from preclinical trials has identified that

the loss of 1.5 to 2 mm of the alveolar
crest of bone is caused by the pres-
ence of an inflammatory infiltrate at
the IAJ. This drives the connective 
tissue element of the biologic width
apically, and bone loss occurs to
accommodate its position as the
supracrestal portion of the attachment
apparatus.

One hypothesis as to how to
interfere with this process would be to
design the coronal portion of the
implant to attract a physical connec-
tive tissue attachment that would
inhibit epithelial downgrowth, estab-
lish a predetermined site for the con-
nective tissue, and thus preserve the
coronal level of bone.

This proof-of-principle investiga-
tion demonstrates that Laser-Lok
microchannels can accomplish this
goal with evidence of human histology.
The supracrestal connective tissue
attachment is evident when viewing
ground sections stained with toluidine
blue/AZUR II via light microscopy and
when viewing sections through polar-
ized light to confirm the oblique ori-
entation of the fibers and is further
confirmed with SEM examination.
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