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Abstract: The study aimed to investigate the connective tissue seal and the spatial
organization of collagen fibers around long-term loaded implants in man. Block specimens
containing smooth titanium implant abutments and the surrounding supracrestal connective
tissue were obtained from patients rehabilitated for at least 1 year with implant-retained
overdentures or implant-supported fixed prostheses and were histologically investigated. The
histological features of the connective tissue around long-term loaded titanium abutments
were specific: the tissue was rich in collagen fibers, organized in bundles, presenting a
constant spatial arrangement, similar to that reported in animal studies. Circular fibers, the
most numerous, were located externally, and longitudinal fibers internally. Radial fibers
inserted on the abutment surface, similar to those of the periodontal system, were not
observed in any case. No histological differences were found between tissue sampled around
implants supporting a fixed restoration and those anchoring an overdenture.

It is now accepted that the biological seal
around oral implants consists of two prin-
cipal layers, the epithelial attachment and
the underlying connective tissue barrier.
Current knowledge of the histological and
cytological aspects of these tissues is based
on studies in dogs or nonhuman primates.
The epithelial component of the implant—
mucosa interface (IMI) has been demon-
strated to form a cuff-like barrier which
adheres to the surface of the titanium abut-
ment (Abrahamsson et al. 1998; Berglundh
etal. 1991; Berglundh etal. 1992; Ber-
glundh et al. 1994; Ericsson et al. 1992).
Histological studies suggest that peri-im-
plant epithelium is differentiated in a simi-
lar way to the junctional epithelium (JE)
around teeth and provides direct attach-
ment of the epithelium to the titanium via
hemidesmosomes (Arvidson et al. 1996;
Berglundh et al. 1991; Lindhe & Berglundh,
1998).

The morphology and structure of the
connective tissue barrier has also been in-
vestigated in animals (Berglundh & Lindhe,
1996; Moon et al. 1999). The connective
tissue immediately next to the implant
surface is characterized by an absence of
blood vessels and abundant fibroblasts,
which are interposed between thin colla-
gen fibers. The connective tissue at a dis-
tance from the implant contains more
abundant fibers, which may run in a var-
iety of directions and appear to be function-
ally organized.

It is accepted that implant-mucosal in-
terface-connective tissue (IMI-CT) is not
identical to periodontal mucosal connec-
tive tissue (Romanos et al. 1995), and that
IMI-CT may be formed as a scar-like re-
sponse to implant surgery (Buser et al.
1992; Cochran et al. 1997). Regarding colla-
gen fiber orientation, circular fibers have
frequently been reported around the abut-



ment. In a study on beagle dogs, Berglundh
and coworkers (Berglundh et al. 1991) also
reported collagen fibers running in an ap-
ico-coronal direction. Similar findings have
been reported by Listgarten (Listgarten
et al. 1991) and Chavrier (Chavrier et al.
1994). Experiments in monkeys (Schroeder
et al. 1981) suggest that when the abut-
ment surface contains porosities, for ex-
ample around titanium plasma-sprayed
abutments, radially oriented fibers resem-
bling dentogingival fibers will also form.

Few studies (Arvidson et al. 1996) have
investigated human peri-implant soft
tissue, in normal clinical condition of func-
tional loading, and they have not described
the organization of the collagen fibers.

The major objective of the present
study was to histologically evaluate the
human connective tissue around smooth
titanium abutments, using clinically
healthy implants that had been in func-
tion for at least 12months. Special con-
sideration was given to the spatial orien-
tation of the collagen bundles. A second-
ary aim was to evaluate whether the type
of loading (overdenture or fixed pros-
thesis) influenced the characteristics of
the implant-mucosal interface.

Material and methods

Seven adult patients (six women and one
man, age range S§2-75years, mean age
62years) were included in the study. Five
were totally edentulous patients rehabili-
tated with mandibular overdenture (OVD)
retained by two BranemarkO () implants
with ball attachments, and two patients
presented partial bilateral mandibular ed-
entulism in the molar region rehabilitated
with mandibular implants supporting fixed
prostheses. Tissue surrounding nine im-
plant abutments was investigated on one
side only of the five edentulous patients
and bilaterally in the fixed prosthesis
group. Seven out of nine implant abut-
ments were surrounded completely by
keratinized mucosa, while two implants
showed buccally mobile mucosa. All pa-
tients gave written informed consent to
the procedure, for which ethical approval
had been obtained.

At the time of biopsy, the clinical and
radiographic appearances of all implants
were normal with regard to osseointegr-
ation and correct prosthetic fit. Clinical
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evaluation, by evaluating pocket depth,
bleeding and plaque index (Silness et al.
1964), and morphology of peri-implant mu-
cosa revealed no signs of inflammation or
peri-implantitis in any case included in the
study.

With patients under local anesthesia
(Carbocainel] 3% without adrenalin) | a
cut, using a number 15 scalpel, was made
through the tissue down to the periosteal
layer all around the abutment at 2 mm; the
abutment screw was removed; the abut-
ment plus mucosa was carefully removed
en bloc using abutment pincers, an identi-
cal abutment was inserted to the implant
for continued prosthetic treatment. Local
anesthetic was administered in all cases at
least 1cm from the biopsy site so that re-
sults would not be compromised. Speci-
mens were fixed in 10% buffered formalde-
hyde, then washed in phosphate buffer, de-
hydrated in alcohol and included in acrylic
resin (Kulzer, Germany). Ground sections

(1oopm) were obtained by using of a cut-
ting-grinding apparatus (Exakt, , Germany),
oriented either transversally (4 specimens,
2 OVD + 2 fixed prosthesis) or longitudin-
ally (5 specimens, 3 OVD +2 fixed pros-
thesis) to the implant axis. Sections were
examined on a phase-contrast microscope
for evaluation of collagen bundles, then
stained with hematoxylin—eosin for rou-
tine microscopic observation.

Observation were performed on a Leitz
Dialux microscope (Leitz, ) connected
through a CCD camera to a PC-based im-
age analyzer.

The localization and spatial orientation
of collagen fiber bundles were analyzed on
the two clearest sections of each speci-
mens. For each section the evaluation be-
gan from the abutment surface along
1oooum for longitudinal cuts, and along
1200um for transversal cuts, using a grid
200 X 200um in size. The count was done
twice for each section, on opposite sides of

Fig. 1. (a) Normal keratinized epithelium (OM), a thin sulcular epithelium (SE) and inflammation-free junctional

epithelium (JE) around the titanium abutment (I). Phase contrast microscope, original magnification X ro. (b)

Connective tissue barrier (CT) below the level of the junctional epithelium (JE). Some vessels are present

(arrows). Phase contrast microscope, original magnification X 15. (c) In transversal sections, a dense network of
circular fibers (CF), the most frequently found fibers in all samples, may be observed 200-8copum from the
titanium surface. A cell-rich connective tissue (*) is present closer to the abutment surface. (d) Longitudinal

fibers (LF), in smaller numbers, observed in longitudinal sections in the first 200 um from the abutment surface.

Phase contrast microscope, original magnification X25.
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the abutment. The density of the struc-
tures identified was expressed by on semi-
quantitative scale (absence of fibers [—];
very occasional fibers [ + ]; occasional fibers
[+]; frequent fibers [+ +]; abundant
fibers[ + + +]).

Information on the spatial orientation of
collagen fibers bundles was used to con-
struct a 3D graphic model on a CAD sys-
tem (IBM-Intelli Station, Pro-Engineer
2000i program, ). The model reproduced
the localization and the relative distance
from the titanium surface of the variously
orientated collagen fibers bundles on the
basis of microscopic observations, while
the size of each collagen bundle was set
arbitrarily for optimal model visualization.

Results

A normal keratinized mucosa continuing
in a thin sulcular epithelium was observed
around the titanium abutment in all the
cases considered (Fig. 1a). No specimen pre-
sented histological signs of peri-implantitis
or gingival pocket formation (Fig. 1a,b).

The spatial distribution of collagen
bundles in the longitudinal and transverse
sections is reported in Table1.

Inflammatory cells were occasionally
observed, in small numbers below the epi-
thelium, inside the connective tissue
around the abutment. In all the specimens,
connective tissue (Fig. 1b) presented a high
density of cells in the first 200um adjacent
to the abutment and a lower density there-
after, while collagen bundles were abun-
dant all around the implant, with a maxi-
mum density of between 200 and 8ooum
from the abutment surface. A small num-
ber of blood vessels could be observed both
very close to the abutment surface and dis-
tant from the implant, but not in the area
dominated by collagen bundles.

Phase-contrast microscopy revealed that
the collagen bundles were not randomly
oriented but rather organized in three
major systems (Fig. 1c,d; Table1):

Fig. 2. (a) Three-dimensional graphic representation of the microscopic data relative to collagen fiber distri-
bution: (I) longitudinal fibers are observed in the inner 200um (yellow), (II) circular fibers between 200 and
8ooum (green), and (II) oblique bundles externally (blue). (b) Detail from Fig. 2a showing the speculative dispo-

sition of different collagen fiber systems.

1. circular fibers, the commonest type in
all samples, which were usually ob-
served in transversal sections 200-
8oopum from the titanium surface, and
only in some cases in close proximity to
the abutment surface;

2. longitudinal fibers, in smaller numbers,
observed in longitudinal sections in the
first 200pum from the abutment surface;

3. oblique fibers, in small separate bundles,
which could be observed externally to
the above systems, with variable orien-
tation and connecting the inner fibers
with the submucosa and periosteum.

Radially oriented fibres were never seen in
the inner area close to the abutment sur-
face. The computer graphic representation
of collagen bundles around the titanium
abutment is shown in Fig.2 (a,b).

No histological difference was detected
between abutments supporting fixed pros-
theses and those supporting MIR-OVD,
nor was there any difference related to the
presence or absence of attached gingiva.

Discussion
This study found that in healthy clinical

conditions of human beings, collagen fibers
of the peri-implant connective tissue bar-

Table 1. Spatial distribution of collagen fibers. Distances are expressed from the abutment surface.
The longitudinal and oblique fibers were observed only up to 1000pm (*). Absence of fibers (-); very
occasional fibers (+); occasional fibers (+); frequent fibers (+ +); abundant fibers (+ + +)

0-200 200-400 400-600 600-800 800-1000 1000-1200
pm pum um pm pum pum
Circular fibers + - 4 ++ + 4 4 _ _
Longitudinal fibers + + + + + + - _
Oblique fibers - - - + + + *
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rier are spatially oriented, with an inner
system dominated by longitudinal fibers
and a more extensive external circular sys-
tem. This collagen ‘cuff’ appears to be
linked to the periosteum and the submuco-
sa by means of oblique bundles. The mor-
phology is substantially constant, and was
similar in most tissue specimens; it did not
appear to depend on the type of prosthetic
rehabilitation, nor on the presence of at-
tached gingiva. The histological organiza-
tion is strictly comparable to that observed
in chronic beagle dog models (Berglundh et
al. 1991; Lindhe & Berglundh, 1998).

The presence of a dominant circular sys-
tem of collagen fibers around the abutment
isin accordance with the concept of peri-im-
plant ‘circular ligament’ proposed by Rug-
geri (Ruggeri et al. 1992), and confirmed by
Piattelli (Piattelli et al. 1997). The latter
study reported a limited number of circular
fibers, located coronally along the abut-
ment, with only longitudinal fibers in lower
strata. We observed a prevalence of circular
fibers at all levels, from the bone crest up to
the JE. As far as we have been able to deter-
mine, the type of prosthetic rehabilitation,
and thus of functional loading on the im-
plant itself and on the surrounding mucosa,
has never been taken into consideration in
investigating the connective tissue differen-
tiation around the implant. Nor has the
time of functional loading been evaluated,
although it may be an important determi-
nant. Indeed, the organization of collagen
fibers that we observed may be related to
the long period of functioning of the im-
plants. Thus differences between this and
other observations could be time-depend-
ent; the type of prosthesis does not seem to
be relevant.



The three-dimensional graphic represen-
tation of the microscopic data, though arbi-
trary and observer-dependent, suggests the
presence around titanium implant abut-
ments of a differentiated network of fibers,
which might be of clinical relevance as a
mechanical protection for the underlying
bone-implant interface. The organization
differs from that of the periodontal connec-
tive tissue, as radial fibers appear to be lack-
ing. The histological methods used may not
precisely detect the interface between the
titanium and the surrounding soft tissues,
nor may they detect small amounts of colla-
gen fibers. Thus the presence of some colla-
gen fibers radiating out from the abutment
surface cannot be excluded; if they exist,
however, their numbers must be very low,
as such bundles were never observed. The
presence of radial fibers has been described
(Schroeder et al. 1981) as specific to rough ti-
tanium surfaces. The present results do not
exclude this hypothesis, as only smooth ti-
tanium abutments were considered.

Résumé

Cette étude a eu pour but de vérifier le scellement du
tissu conjonctif et 'organisation spatiale des fibres colla-
gene autour des implants chargés depuis longtemps chez
1’étre humain. Les spécimens contenant le pilier en titane
lisse et le tissu conjonctif sus-crestal avoisinant ont été-
prélevés chez des patients qui avaient été traités depuis
au moins une année pour des prothéses amovibles sur
implants ou des protheses fixées sur implants, et analysés
histologiquement. Les caractéristiques histologiques du
tissu conjonctif le long des piliers en titane étaient spéci-
fiques : le tissu était riche en fibres collagene, organisé
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Zusammenfassung

Es war das Ziel dieser Studie, das Bindegewebssiegel und
die rdumliche Organisation der Kollagenfasern um lang-
zeitbelastete mplantate bei Menschen zu untersuchen.
Blockbiopsien, welche glatte Implantataufbauzylinder
aus Titan und das umgebende suprakrestale Bindegewebe
enthielten, wurden bei Patienten entnommen, welche
vor mindestens 1 Jahr mit implantatgetragenen Hybrid-
prothesen oder mit implantatgetragenen festsitzenden
Rekonstruktionen versorgt worden waren. Bie Biopsien
wurden histologisch untersucht.

Die histologischen Charakteristiken des Bindegewebes
um langzeitbelastete Titanaufbauzylinder waren spezi-
fisch: das Gewebe war reich an kollagenen Fasern, organi-
siert in Biindeln, welche eine konstante rdumliche An-
ordnung zeigten, dhnlich der in Tierstudien berichteten
Anordnung. Zirkulire Fasern, der Hauptanteil der Fasern,
waren extern lokalisiert. Longitudinale Fasern befanden
sich intern. Radiale Fasern, welche #hnlich wie Fasern
des parodontalen Systems an der Oberfliche der aufbau-
zylinder ansetzen, konnten in keinem Fall beobachtet
werden. Zwischen den Gewebeproben von fmplantaten
mit fixen Rekonstruktionen und von Implantaten, auf
welchen Hybridprothesen verankert waren, konnten kei-
ne histologischen Unterschiede gefunden werden.

Resumen

El studio intento investigar el sellado de tejido conectivo
y la organizacion espacial de fibras coldgenas alrededor de
implantes cargados a largo plazo en el hombre. Se obtu-
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vieron especimenes en bloque confeniendo pifares de tita-
nio liso de implantes y el tejido conectivo circundante
supracrestal de pacientes rehabilitados por lo menos un
ano con sobredentaduras implantorretenidas o protesis
fijas implantosoportadas y se investigaron histologica-
mente.

Las caracteristicas histologicas del tejido conectivo alre-
dedor de pilares de titanio cargados a largo plazo fueron
especificas: el tejido fue rico en fibras colagenas, organiza-
da en recimos, presentando una distribucion espacial
constante, similar a la reportada estudios animales. Se
localizaron fibras circulares, las mas numerosas, externa-
mente y las fibras longitudinales internamente. No se ob-
servaron en ninguin caso fibras radiales insertadas en la
superficie del pilar, similares a aquellas del sistema perio-
dontal. No se encontraron diferencias histologicas entre
el tejido muestreado alrededor de implantes soportando
una restauracion fija y aquellos anciando una sobredenta-
dura.
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