
Daniel van Steenberghe
Carina Johansson
Marc Quirynen
Liene Molly
Tomas Albrektsson
Ignace Naert

Authors’ affiliations
Daniel van Steenberge, Marc Quirynen, Liene
Molly, Department of Periodontology, School of
Dentistry, Oral Pathology and Maxillo-Facial
Surgery, Faculty of Medicine, Catholic University
of Leuven, Leuven, Belgium.
Carina Johansson, Tomas Albrektsson,
Department of Biomaterials/Handicap
Research, University of Gothenburg,
Gothenburg, Sweden.
Ignace Naert, BIOMAT Research Group,
Department of Prosthetic Dentistry, School of
Dentistry, Oral Pathology and Maxillo-Facial
Surgery, Faculty of Medicine, Catholic University
of Leuven, Leuven, Belgium

Correspondence to:
Daniel van Steenberghe
Catholic University Leuven
Department of Periodontology
Kapucijnenvoer 7
B-3000 Leuven
Belgium
Fax: 3216332484

Date:
26 September 2002

To cite this article:
van Steenberghe D, Johansson C, Quirynen M, Molly
L, Albrektsson T, Naert I. Bone augmentation by
means of a stiff occlusive titanium barrier
Clin. Oral Impl. Res, 14, 2003; 63–71

Copyright C Blackwell Munksgaard 2003

ISSN 0905-7161

63

Bone augmentation by means of a stiff
occlusive titanium barrier
A study in rabbits and humans
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Abstract: It has already been shown that occlusive titanium barriers have osteoconductive
properties. These barriers, however, cover only a limited surface area and have only been
used in animal experiments. The aim of this study was to evaluate bone neogenesis under a
pre-shaped titanium barrier placed over the top of the rabbit skull and the top of highly
resorbed edentulous upper-jaw bone in patients. Computed tomography (CT) scans made it
possible to pre-shape the titanium barrier according to individual bone shape in human
experiments. On the rabbit skull, tissue augmentation of up to 6 mm 1 year after barrier
placement was observed, while the original thickness of skull bone was on average between
1.5 and 2.5 mm. The bone, which remained histologically immature for 1 year, grew
systematically along the titanium surface, illustrating its osteoconductivity. Even after removal
of the barrier, on average, 75.3 and 59.4% of the newly created tissue volume was maintained
after 3 and 9 months, respectively. Clinical observations on 10 consecutive patients showed
that, in those (5/10) in which the barrier remained unexposed for several months, an increase
of the jawbone height and width of up to 16 mm could be observed when the barrier was
removed after 12–18 months. As in the rabbits at barrier removal, the bone demonstrated a
limited degree of mineralization as ascertained from biopsies. This newly formed osteoid
tissue allowed the insertion of 33 screw-shaped titanium implants which in most cases (30/33)
successfully osseointegrated to support a fixed prosthesis. The surrounding marginal bone level
remained stable even up to 5 years after implant placement. Both animal and clinical data
demonstrate that guided bone neogenesis under a subperiosteally placed titanium barrier
can reach large volumes.

The possibility of increasing the volume of
alveolar bone by means of auto-, allo- and
xenografts has been tested since the begin-
ning of the 20th Century. Autografts ap-
plied in conjunction with the placement of
endosseous implants have been found to
have a higher success rate than other aug-
mentation materials, such as allogenic de-
mineralized or lyophilized bone, in retain-
ing their volume (Breine & Brånemark
1980; van Steenberghe et al. 1991; Pinholt
et al. 1994; Tolman 1995; van Steenberghe
et al. 1997). An alternative for increasing

the bone height is the placement of a sub-
periosteal barrier membrane to allow an
underlying blood clot to transform into
bone tissue. This principle is termed
‘guided bone regeneration/augmentation’
(GBR/GBA). Although it was generally as-
sumed that this kind of barrier must be
permeable to favour diffusion of nutrients
to the newly regenerated tissues, Schmid
et al. (1994) observed that the same
amount of bone augmentation could be
achieved under a hermetically closed ti-
tanium chamber, when compared with a
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chamber with a permeable roof. In the
same report, these authors indicated that
the degree of mineralization was superior
along the hermetically closed titanium
roof as compared with that along the per-
meable expanded Teflon barrier (Schmid
et al. 1994). Similar results have been re-
ported by Lundgren et al. (1995, 1998). It
has been claimed that non-resorbable bar-
riers with sufficient stiffness (e.g. re-
inforced expanded polytetrafluorethylene)
rather than bioabsorbable barriers (e.g.
polylactic acid) should be used to obtain
optimal bone width and height by the
guided bone regeneration procedure (Ko-
ichi et al. 1998). It was presumed that this
would facilitate predictable bone augmen-
tation beyond the original, genetically de-
termined bone surface, in other words
bone neogenesis. By achieving a close adap-
tation of the borders of the barriers, per-
meable or occlusive, to the underlying
bone, augmentation of the bone volume
has been achieved both in animals (Seib-
ert & Nyman 1990) and in humans (Buser
et al. 1990; Becker et al. 1994). In these
studies, however, the augmentation always
took place within the boundaries of the
genetically determined skeletal envelope.
Hat-like or dome-like occlusive titanium
barriers placed on the skulls of rabbits or
rats, however, became filled with bone and
expanded the cranium locally, i.e. beyond
the genetically predetermined skeletal en-
velope, up to 3 and even 4mm in height
(Schmid et al. 1994; Lundgren et al. 1995,
1998, 2000).

The aim of the present study was to
create bone formation on the rabbit skull,
under large stiff occlusive pure titanium
dome-shaped barriers of 6mm height
(these domes represent a volume of
340mm3, which is more than double that
previously reported; Lundgren et al. 2000),
and to examine whether the newly formed
bone outside the skeletal envelope would
be maintained over time, after removal of
the barrier.

In the light of successful results with the
titanium dome-shaped barriers in rabbits
(Schmid et al. 1994), it was decided in 1994
to start a clinical trial in patients with ad-
vanced resorption of the maxilla and who
were in need of endosseous implants. On
the basis of a computed tomography (CT)
scan images program, stereolithographic
models of the jaws were produced which
allowed the manufacture of stiff, custom-
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made barriers (Verstreken et al. 1996, 2000;
van Steenberghe et al. 2000). These were
installed subperiosteally on the upper jaw-
bone to allow bone neoformation. The aim
of the study in humans was to evaluate
whether this technique:

O could be applied under local anaesthesia;
O would allow an increase in bone volume

of at least 10mm to harbour oral im-
plants;

O would lead to newly formed bone which
was maintained after occlusal loading
transferred through endosseous im-
plants.

Material and methods

Animal study

Twelve New Zealand White rabbits, with
an average body weight of 3kg and aged 3–
3.5months, were used (three were used for
a pilot test and nine for the main investiga-
tion). The experimental protocol was
within the health guidelines for the use of
experimental animals and was approved by
the Animal Experiments Committee.
Surgery was performed under premedi-
cation consisting of an intramuscular neu-
roleptic analgesic (ThalamonalA, Janssen
Cilag, Berchem, Belgium), followed by in-
travenous anaesthesia with a pentobarbit-
urate (NembutalA, Ceva under licence
from Abbott Laboratories, Brussels, Bel-
gium).

Presurgically, dome-shaped pure ti-
tanium barriers with a diameter of 12mm
and a height of 6mm were moulded from
0.2-mm-thick commercially pure (c.p.) ti-
tanium foils (hydroforming technique). Ini-
tially, one dome was designed for a rabbit
skull, serving as the model for all other
domes. The barriers were cleaned in a
series of alcohol solutions in an ultrasonic
bath to remove possible contaminants and
were afterwards autoclaved. Auger electron
spectroscopy revealed components consist-
ent with those reported by other authors
(Ameen et al. 1993).

The scalps of the nine rabbits used in the
main experiment were shaved and thor-
oughly disinfected by scrubbing with hos-
pital antiseptic concentrate (HAC), 3.5% in
H2O, before a cutaneous flap was gently
raised by dissection. Thereafter a U-shaped
periosteal flap was prepared, lateral to the
incision of the skin flap. Two titanium
caps were placed, one on the os frontale

and one on the os parietale. The posterior
cap extended on both sides of the sagittal
suture. The transversal suture partially
covered by the anterior cap on the os fron-
tale is not as prominent as the sagittal su-
ture on the os parietale because the suture
in the os frontale closes at an earlier stage.

Prior to the placement, multiple trepa-
nations of the cortical bone with a small
round burr were performed to allow the
formation of a blood clot (Lundgren et al.
1995, 1998). The dome borders were glued
to the bone with HistoacrylA glue (Braun,
Melsungen, Germany). No further special
device was used to improve the adaptation
of the caps, which were filled with rabbit’s
blood collected with a syringe during
surgery. Both the periosteum and the skin
were carefully sutured with resorbable su-
tures (VicrylA rapide, Johnson & Johnson,
Brussels, Belgium). The rabbits were
allowed to eat and drink ad libitum.

In the main experiment, two rabbits
were killed after 3months with their two
domes in place (group 1). In three rabbits
the anterior dome was removed after
3months and they were killed after
6months (group 2). Three other rabbits also
had the anterior dome removed 3months
after surgery and were killed after
12months (group 3). When the anterior
barrier was removed, an impression of the
newly formed bone was gently taken with
customized trays by means of an irrevers-
ible hydrocolloid (Aroma-FineA, GC Cor-
poration, Tokyo, Japan). To evaluate the
volume of the ‘uncovered’ tissue mass 3
and 9months after removal of the titanium
dome, additional hydrocolloid impressions
were taken at these time points. All im-
pressions were immediately poured out in
stone (Fuji-RockA, GC Corporation), and
the dry weight was determined. The new
bony-like tissue volume was expressed as
a percentage, where 100% represents com-
plete filling of the titanium dome. Tissue
blocks were prepared after sacrifice and
fixed via immersion in 4% neutral buffered
formaldehyde, dehydrated and embedded
in light curing resin (Tecnovit 7200 VLCA,
Kulzer, Germany). Undecalcified ground
sections were prepared according to the
technique described by Donath & Breuner
(1982). First, thick sections of the order of
80–100mm were prepared and microradio-
graphed on special glass plates (Kälebo
1987) (Fig.1). The microradiographs
allowed a volumetric determination of the
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Fig.1. (a) Survey image of a light microscope view of
a histologically stained, cut and ground section from
a rabbit skull, demonstrating the bone-fill at
3months of the anterior (right) dome, while the pos-
terior (left) dome seems partly filled with (ingrown)
soft tissue. The gaps that seem to remain between
the edge of the titanium dome and the skull are in
fact filled by the acrylic glue. No stromal invasion
can be observed. (b) Microradiograph of the same two
domes.

area under the dome, the area occupied by
bone trabeculae and the percentage this
represents under the dome. This was done
with the aid of a computerized program
(Image AccessA, Göteborg, Sweden). Also,
a mean percentage of ‘bone neogenesis’
was calculated. After microradiography,
the thick ground sections were further
ground according to the above-mentioned
technique to a final thickness of about
10mm. The sections were stained with
either a modified von Gieson stain or with
toluidine blue in pyronine (Fig.1).

Another three rabbits were used for
some pilot tests. In one rabbit, two autopo-
lymerized occlusive methylmethacrylate
barriers were installed instead of titanium
domes. They were removed after 5months.
This pilot test examined whether a space
maintainer alone, without osteoconductive
properties of the barrier membrane, would
have the same ability to allow bone aug-
mentation as a titanium barrier. In the sec-
ond pilot-test rabbit, it was investigated
whether the hermetic isolation of the
space under the barrier with HistoacrylA

glue is a key factor in achieving predictably
significant bone augmentation. Therefore,
in that rabbit the two titanium domes
were installed without being fixed to the
calvarium bone by HistoacrylA glue. In the
third pilot-test rabbit, a titanium screw
(Brånemark SystemA, Nobel Biocare, Goth-
enburg, Sweden) was installed in the dome-
shaped barrier fixed with a cover screw
through a small opening on top of the bar-
rier, and the titanium screw did not have
any contact with the tabula externa of the
skull.
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Clinical trial

Ten patients volunteered for the clinical
trial. They were referred to the Depart-
ment of Periodontology at the University
Hospital of the Catholic University of
Leuven, for rehabilitation by means of im-
plants. The implants were needed to allow
a fixed rehabilitation of partial or total ed-
entulism in the upper jaw. Transsectional
radiographs, however, indicated too little
bone volume to harbour endosseous im-
plants. All the patients were first offered
the option of an autologous anterior iliac
graft for bone volume augmentation, but
refused this option and preferred that only
local surgery be performed. They were
thoroughly informed about its experimen-
tal nature. The protocol was approved by
the Ethical Committee for Clinical Trials
of the University Hospital. They under-
went a spiral CT scan of the upper jaw
with 1-mm cuts (Siemens Somatom Plus,
Erlangen, Germany). These data were ex-
ported for manufacture of a stereolitho-
graphic model of the maxilla (Materialise
Co., Haasrode, Belgium). On this model, an
augmentation procedure both in height
and width was mimicked by adding a
build-up of wax to the relevant areas. This
could achieve an increase in height of up
to 16mm and in width of 9mm. This
model was then replicated in a metal pow-
der reinforced epoxyresin cast, which was
used to manufacture (Ceka Company,
Antwerp, Belgium), by hydroforming, a
stiff (0.2mm thickness) titanium barrier
membrane on top of the cast. This barrier
was then cut so that its edges intimately
fitted the jawbone model. The barrier was
disinfected in a similar way as described
above in the rabbit study.

At surgery, the custom-made sterilized
barrier was installed under local anaes-
thesia, with the exception of one patient
who requested general anaesthesia. After
reflection of the mucoperiosteum, the an-
terior maxilla up to the molar areas was
uncovered. The envelope incision was high
up in the lip, to prevent the possibility of
communication after closure. All titanium
barriers fitted well with the jawbone, leav-
ing a space (set by the wax build-up on the
model) to be filled by blood after instal-
lation. The barrier was fixed using 6–8
small screws (MiniplateA Osteosynthesis
System, Martin, Tudlinge, Germany)
through preformed holes at the barrier bor-
ders. Monofilament sutures (EthilonA,

Johnson & Johnson) were used and re-
moved progressively after 10days. Post-op-
eratively, the patients received an anti-
biotic cover (amoxicilline 2g/day) for
5days. They were examined for wound
cleaning every second day for 2weeks. The
five totally edentulous patients were in-
structed not to wear any denture for at
least 6 and preferably 8weeks, and to keep
to a soft diet during this period. Subse-
quently, they were referred to the Depart-
ment of Prosthetic Dentistry to adapt the
removable prosthesis thoroughly by means
of a soft liner. The five partially edentulous
patients received temporary fixed pros-
theses only supported by the neighbouring
teeth.

After 9–17months, the barriers were re-
moved and implants were inserted (Bråne-
mark systemA, Mark II, Nobel Biocare)
into the augmented bone.

All patients were first treated by means
of temporary fixed prosthesis acrylic resin
reinforced by polyethylene fibres (Rib-
bondA, Switzerland) for 6–8months. Later,
fabrication of the final prosthesis was be-
gun (metal/composite or metal/porcelain).
The patients were followed up in a recall
programme every 6–12months. Some pa-
tients were followed up for up to 6years.
In the patients in whom the barrier became
exposed, it was removed prematurely.

Marginal bone levels were measured on
intraoral radiographs, using a paralleling
technique, taken at abutment surgery and
each following year. The distances be-
tween the marginal bone level and the im-
plant–abutment connection were assessed
on every radiograph.

Results

Animal study

All rabbits, except one who died and was
not replaced, recovered well from surgery
and remained in good health.

Under the autopolymerizing methacry-
late barrier in the first pilot-test rabbit, the
volume of the augmented tissue assessed
histologically was very low, representing
only 5 and 2% of the available space after
5months under the anterior and posterior
domes, respectively, compared with 32 and
17% under the titanium domes already
after 3months in the rabbits of the main
study (group 1). Under the methacrylate
dome, bone growth typically took place
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Fig.2. (a) A screw-shaped pure titanium implant
with a machined surface fixed through a hole in the
titanium barrier, which is not in contact with the
periosteum of the rabbit skull. This figure shows
typical osteoconductivity. (b) Higher magnification
illustrating the immature bone trabeculae.

from the centre rather than up along the
walls of the barrier. Above these bony tra-
beculae, an unidentified amorphous,
lightly staining tissue mass of 1mm was
observed.

In the second pilot-test rabbit, without
glue to fix the titanium dome, a gap was
visible between the latter and the cranium,
and bone growth was very limited.

In the third pilot-test rabbit, histology
showed that the machined surface of the
titanium screw also favoured osteoconduc-
tivity (Figs2a and b).

In the main experiment, under the bar-
riers removed after 3months, a whitish,
well vascularized, somewhat hard tissue
was discovered. This newly formed tissue
had a typical cup-like concave shape
(Fig.3). The bone augmentation observed
under light microscope on cut and ground
sections was characterized by mostly slen-
der trabeculae associated with osteoblasts
lining the osteoid surface. Osteoclasts,
often grouped within resorption lacunae,
were associated with the trabeculae (Figs4a
and b). The newly formed bone was often
surrounded by osteoid tissues and had sev-
eral characteristics of immaturity, as ascer-
tained by histological observations under
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Fig.3. Bone growth takes place along the titanium barrier, explaining the cup-like depression in the middle.
The outer layer seems highly vascularized and is soft.

polarized light. Giant cells were some-
times observed immediately under the ti-
tanium barrier. Small foci of bone forma-
tion were regularly seen at the outside of
the barrier, especially at the base of the
dome.

Growth of bone varied considerably

Fig.4. (a) High magnification of the augmented bone with a distinction between the mature cortical bone and
the newly formed woven immature bone. (b) Newly formed bone trabeculae with an active bone-remodelling
cavity. An osteoid layer, covered with osteoblasts (arrow heads), is visible on the bone surface and osteoclasts
indicating ongoing bone resorption can be seen (arrows).

among animals. As can be seen from
Table1, the area filled by tissue did not in-
crease over time in the posterior areas
where the domes remained in place until
sacrifice. Furthermore, the trabecular bone
fraction did not increase over time, while
this was clearly so on the anterior sites, al-
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Table 1. Computer-based quantifications performed on microradiographed cut and ground rabbit sections

Area of dome-shaped tissue (mm2) Area of trabeculae in dome (mm2) Mean percentage trabeculae in dome

Time anterior posterior anterior posterior anterior posterior

3 months (n Ω 2) 62 ∫ 5 60 ∫ 7 3 ∫ 0.4 2 ∫ 0.3 4 ∫ 0.4 3 ∫ 0.3
6 months (n Ω 3) 55 ∫ 3 56 ∫ 2 5 ∫ 3 2 ∫ 1 9 ∫ 5 4 ∫ 1
12 months (n Ω 3) 61 ∫ 3 62 ∫ 4 5 ∫ 1 3 ∫ 1 8 ∫ 1 4 ∫ 1

Mean numbers and standard deviations are shown.

though the domes had been removed after
3months. These results indicate a site
specificity for bone augmentation. It is
possible that the presence or the absence
of the sagittal suture may explain this site
specificity (Lundgren et al. 1998). The only
situation where augmented tissue (i.e. tra-
becular and marrow) filled the entire space
under the dome was at 3months under one
anterior cap.

At the sites where the barrier had been
removed 3 or 9months prior to sacrifice,
75 and 59%, respectively, tissue augmenta-
tion, as assessed by impression taking
(Fig.5), was maintained. This was con-
firmed histologically, as can be seen from
the stability over time of the surface occu-
pied under the dome (Table1).

Clinical trial

Five of the 10 patients had an early ex-
posure of the titanium barrier, ranging
from 1.5 to 4months post-operatively. In
a case of exposure, regular application of
chlorhexidine gel (CorsodylA, Beecham,
Oevel, Belgium) was recommended to
avoid bacterial colonization. Although a
significant inflammatory reaction could be

Fig.5. Tissue augmentation measured by impression taking in the anterior skull region after 3months (Ω
barrier removal) and after 6 and 12months.
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prevented, there was a spontaneous un-
covering of the barrier in five patients,
which led to the decision of premature re-
moval in four of them after 1 to 8months.
In two of these five patients, no significant
gain of bony tissue was achieved and no
implants could be inserted. In the other
three patients, bone augmentation was suf-
ficient to allow implant insertion.

After 6–8weeks, the other five patients
enjoyed the wearing of their dentures for
9 to 17months, because of the increased
retention offered by the bulky rigid barrier.
In all these patients, considerable amounts
of a whitish tissue mass were seen under-
neath the barrier at its removal (Fig.6). The
core of this mass was evidently hard tissue,
while the superficial part consisted of a
mobile soft tissue. Trephine biopsies taken
from several sites in the newly formed
tissue revealed a bony trabecular pattern
indicating ongoing mineralization (Fig.7).
In several patients there was shell-like
bone coverage of the outer surface at the
edges of the barrier at its removal.

In total, 39 implants could be installed
in those eight patients (Fig.6d). Thirty-six
out of 39 appeared successfully integrated

at the time of abutment surgery, which
was performed after approximately
8months (Table2). The surrounding tissue
was clinically diagnosed as bone (Fig.7). In-
tra-oral radiographic assessments showed
that the marginal bone level remained
stable (Table3) over the first 4years, rang-
ing from 1.4mm bone gain to 1.7mm bone
loss. Only the four patients with more than
4years follow-up are shown in Table3.

Discussion

Animal study

The present study not only confirms
earlier reports (Schmid et al. 1994; Lundgr-
en et al. 1995, 1998, 1999, 2000; Chierico
et al. 1999) that it is possible experimen-
tally to augment the skull bone beyond the
original skeletal envelope, but also indi-
cates that this increase can reach a height
of 6mm.

Lundgren et al. (1995) set up a study in
rabbits to determine whether early access
to the endosteal bone compartment by re-
moval of the outer cortical bone plate
would enhance bone augmentation in a se-
cluded space (Lundgren et al. 1995, 1998,
1999, 2000). They concluded that decorti-
cation of the calvarial bone in the rabbit
does not result in more bone formation be-
yond the skeletal envelope after a healing
period of 3months compared to no re-
moval of the cortical bone plate inside a
secluded experimental area, although the
illustrations cast some doubt on this
(Lundgren et al. 2000). This conclusion is
contradictory to the findings of other
studies (Linde et al. 1993; Schmid et al.
1997; Rompen et al. 1999). Thus, whether
perforation of the tabula externa by trepa-
nation, to allow in-growth of vessels from
the diploë, is needed can be questioned. In
agreement with earlier reports (Lundgren
et al. 1998, 1999, 2000), our data indicate
that bone growth on top of the calvarium
can be impressive, amounting to several
times the original thickness of the bone.
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Fig.6. A series of clinical views of one patient treated with a custom-made stiff titanium barrier to create
enough bone to harbour sufficient implants to support a fixed full prosthesis. (a) Clinical view of the uncovered,
highly resorbed upper jaw, before barrier placement. (December 1995). (b) Clinical view of the maxilla
15months after barrier placement, with the barrier still in place. (March 1997). (c) Clinical view of the impress-
ive tissue augmentation after barrier removal. (March 1997). (d) The augmented maxilla harbours seven im-
plants in optimal positions to support a fixed full prosthesis (March 1997).

Fig.7. Histological view and microradiograph of a biopsy of the augmented tissue (coronal part) taken with a
trephine burr from a patient, indicating the ongoing mineralization.

In the present study, the barriers provided
spaces that were at least 3 times larger and
20–30% higher than those in previous in-
vestigations (Schmid et al. 1994; Lundgren
et al. 1995; Lundgren et al. 2000) and yet
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they were filled to a great extent with bone
after 12months.

A large inter-animal variation in the
amount of bone regenerated beyond the
skeletal envelope was previously reported

by Schmid et al. (1994). In the present
study, a greater bone volume was found
under the anterior domes 3months after
dome placement as compared with the
posterior domes. A possible explanation is
that the posterior domes were placed over
the sagittal suture, which may have
allowed soft connective tissue to prolifer-
ate out of the sagittal suture into the space
under the dome. To determine whether
closure of the suture would eliminate soft
connective tissue formation in the dome-
protected space and result in more bone
formation would require another experi-
mental study. In the present experiment, in
some instances a gap was observed (Fig.8)
between the border of the barrier and the
skull bone. This gap contains the Histo-
acrylA glue, which appeared to have
prevented soft tissue invasion into the
dome.

The newly formed bone under the dom-
es appeared in general to be immature and
poorly mineralized, even after several
months, which explains the low percen-
tages of trabeculae reported in Table1. One
should note, however, that the original di-
ploë of the skull bone also shows slender
trabeculae and a low percentage of mineral-
ization. Another explanation could be that
the generated bone was not subjected to
functional stimuli. The fact that an occlus-
ive barrier was used, thereby isolating the
underlying cavity from any osteoinductive
stimulus from the periosteum, appears ir-
relevant (Lundgren et al. 2000; Weng et al.
2000).

Removal of the barrier did not lead to a
rapid resorption of the newly formed bone,
even in the absence of functional stimuli.
Indeed, 3 and even 9months after removal,
newly formed bone was still present to a
considerable degree. The present and pre-
vious results with occlusive titanium bar-
riers (Schmid et al. 1994; Lundgren et al.
1995, 1998) in the rabbit seem more pre-
dictable than those obtained with ex-
panded polytetrafluoroethylene (e-PTFE)
barriers by Aaboe et al. (1998). The latter
authors recommend the use of an osteo-
conductive barrier. The findings that bone
growth took place along the titanium sur-
faces is in agreement with the documented
osteoconductivity of titanium oxide sur-
faces (Larsson et al. 1996).

The placement of a stiff titanium barrier
could be combined with implant place-
ment, which would on the one hand re-
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Table 2. Success and failure of titanium domes and implants in the patients from the clinical trial

Patient edentulous (E) Gender Date of barrier Age at surgery Premature Number of Number of Follow-up time
or partially placement (year) exposure (Y/N) implants successfully after implant
edentulous (PE) and removal placed integrated placement until

after (n) months implants June 2002

1. PE M 8/1994 26 N 3 3 7y 3m
2. PE F 8/1994 50 N 3 3 7y 1m
3. PE M 4/1995 62 Y (8) – – –
4. E F 11/1995 31 N 6 6 5y 2m
5. PE F 3/1996 46 Y (3) 5 4 5y 7m
6. E M 9/1996 52 Y (2) – – –
7. E M 10/1997 37 N 6 5 3y 7m
8. E F 10/1997 43 N 6 5 3y 2m
9. E F 5/1998 40 Y (1.5) 4 4 3y 5m

10. PE M 2/2001 55 Y (7) 6 6 9m

M Ω male; F Ω female; y Ω years; m Ω months.

Table 3. Average marginal bone level measured mesially and distally towards fixture–abutment con-
nection at annual follow-up visits in the four patients with at least 4years observation

Average marginal bone level (mm)

Time after implant placement (years)

Patient number Implant number 1 2 3 4 5 6

1 12 * 2 1.9 (Z) (Z) 1.8
11 * 2.2 2.6 (Z) (Z) 2.8
22 * 2.9 3 (Z) (Z) 2.9

2 14 *
22 4 (Z) 4 (Z) 2.7 (Z)
24 *

4 14 1.7 (Z) 3.5 2.9 (Z)
13 2 (Z) 3.5 2.9 (Z)
12 2.3 (Z) (Z) 3.4 (Z)
22 1.8 (Z) (Z) * (Z)
23 2.6 (Z) (Z) 4 (Z)
24 (X) 2 (Z) (Z) 3.7 (Z)
25 2 (Z) (Z) 2 (Z)

5 13 2.3 (Z) (Z) 0.9
12 2 (Z) (Z) 0.8
22 1 (Z) (Z) 1.8
23 0.9 (Z) (Z) 2

*Not readable because of blurring of the threads on the radiographs.
X, sleeping implant; Z, no X-rays available.

duce the remaining volume to be filled by
bone neogenesis, and on the other hand re-
duce the need for surgery.

Clinical trial

Although exposure of some barriers com-
promised the results, it appeared possible
to augment (up to 16mm) extremely re-
sorbed jawbones by means of a space-main-
taining subperiosteal stiff titanium barrier.
The stiffness of the barrier allows the pa-
tient to wear a denture after some
2months and during the long (9–
17months) healing period. This is in con-
trast to the clinical protocol after the place-
ment of autologous iliac crest grafts, where
the patient is encouraged to refrain from
wearing a prosthesis for at least 3months
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(van Steenberghe et al. 1997). The consider-
able increase in bone height with the pres-
ent approach led to such increased stabil-
ization of the full denture that a few pa-

Fig.8. The HistoacrylA glue present in the gap seems
to have prevented tissue invasion between the border
of the barrier and the bone surface into the domes.

tients doubted whether an implant-
supported prosthesis was still needed.

The fact that this type of surgery can be
performed under loco-regional anaesthesia
is a major advantage when compared to
use of autologous hip-bone grafts. The lat-
ter might also result in some pain and even
limping caused by trauma to the donor site
(van Steenberghe et al. 1997). The predict-
ability of this technique remains to be
further investigated. It should be appreci-
ated that, as for every elaborate new surgi-
cal technique, there is a learning curve.

Conclusions

This study confirms that large volumes of
bone can be generated under an occlusive
osteoconductive barrier placed on top of
the calvarium of experimental animals,
and shows that the same result can be
achieved in humans by placing the occlus-
ive barrier on top of the jawbone. This
study also confirms that the newly gener-
ated bone on top of the skull is maintained
almost completely on a long-term basis
after removal of the space-creating barrier
and without mechanical stimulation, as
stated by Lioubavina et al. (1999). It also
shows that in humans the newly generated
jawbone is maintained for at least 6years
after placement of osseointegrated im-
plants to carry functional occlusal forces.
This new technique is considered a break-
through in the ambulatory rehabilitation of
the very resorbed upper jaw by means of
endosseous implants.
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Résumé

Les membranes titane occlusives ont des propriétés os-
téoconductrices qui ont déjà été prouvées (Lundgren et al.
1995, 1998, 1999, 2000; Schmid et al. 1994). Cependant
ces barrières ne recouvrent seulement qu’une surface li-
mitée et n’ont été utilisées que dans les expériences chez
l’animal. Le but de cette étude a été d’évaluer la néogenè-
se osseuse sous une barrière en titane préformée au som-
met du crâna du lapin et au sommet de l’os de la mâchoi-
re supérieure extrêmement édentée chez l’humain. Les
scan-CT ont rendu possible la préformation des barrières
titane suivant la forme individuelle de l’os dans les expé-
riences chez l’être humain. Au sommet du crâne de lapin
un épaississement tissulaire allant jusqu’à 6 mm une an-
née après le placement de la barrière a été observé tandis
que l’épaisseur originale de l’os du crâne variait entre 1,5
et 2,5 mm. L’os qui restait histologiquement immature
durant une année, poussait systématiquement le long de
la surface en titane, illustrant ainsi son ostéoconductivi-
té. Même après l’enlèvement de la membrane, respective-
ment 75,3 et 59,4% du volume tissulaire nouvellement
créé a été maintenu en moyenne durant trois et neuf
mois. Les observations cliniques chez dix patients ont
montré que chez eux (6/10) là où la barrière restait non-
exposeée durant plusieurs mois une augmentation de la
hauteur et de la largeur de l’os de la mâchoire allant jus-
qu’à 16 mm a pû être observée lors de l’enlèvement des
barrières après douze et 18 mois. Comme chez les lapins
lors de l’enlèvement de la barrière l’os possèdait un degré
limité de minéralisation mis en évidence par l’analyse de
biopsies. Ce tissue ostéoı̈de nouvellement formé permet-
tait l’insertion de 33 implants-vis en titane dont la plu-
part (30/33) se sont ostéoı̈ntégrés avec succès pour ancrer
des prothèses fixées. Le niveau osseoux marginal l’entou-
rant restait stable même après cinq années d’observation.
Tant les données cliniques qu’animales ont démontré que
la néogenèse osseuse guidée sous une barrière titane pla-
cée en souspériostal pouvait atteindre de grands volumes.

Zusammenfassung

Knochenaugmentation mit Hilfe einer steifen und dich-
ten Titanmembran: Eine Studie an Kaninchen und am
Menschen.
Dass dichte Titanmembranen osteokonduktive Eigen-
schaften haben ist bereits früher bewiesen worden (Lund-
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Resumen

El hecho de que las barreras oclusivas de titanio tienen
propiedades osteoconductivas ha sido ya probado (Lund-
gren et al. 1995, 1998, 1999, 2000; Schmidt et al. 1994).
De todos modos, dichas barreras solo cubrı́an una super-
ficie limitada y se usaron solamente en experimentos ani-
males.
La intención del presente estudio fue evaluar la neogéne-
sis ósea bajo una barrera de titanio preformada sobre el
cráneo del conejo y sobre el hueso altamente reabsorbido
del maxilar superior edéntulo de pacientes. Los escáneres
CT hicieron posible la preformación de barreras de titanio
de acuerdo con la forma ósea individual en experimentos
humanos.
Se observó un aumento de tejido sobre el cráneo del cone-
jo de hasta 6mm un año tras la colocación de la barrera,
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neogénesis ósea guiada bajo una barrera de titanio coloca-
da subperiosticamente puede lograr grandes volúmenes.
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