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Abstract
Introduction: Post-surgical graft exposition and loss of grafted bone are a common
complication of vertical bone augmentation. Soft tissue expansion (STE) by
implantation of osmotic self-filling tissue expanders before reconstructive surgery is an
effective method for generation of soft tissue. The aim of this study was to investigate
the feasibility of STE before bone augmentation with regard to clinical and histological
outcomes and complications.

Methods: Tissue expanders were implanted in patients requiring vertical bone
augmentation. Onlay grafting was carried out after 2 months of STE. Implants were
placed 4–6 months after augmentation. Vertical bone gain was analysed with cone-
beam computed tomography (CBCT). Bone biopsies were investigated with micro-
computed tomography (micro-CT).

Results: Twenty-four sites in 12 patients were treated with STE. Complications of
STE were perforation (two sites) and infection (two sites). At augmentation after STE,
primary wound closure was easily achieved and the incidence of graft expositions was
low (4%). At implant placement, high vertical bone gain of 7.5 � 2.4 mm was found.
Micro-CTs of bone revealed a good ratio of bone volume/tissue volume (mean BV/
TV 5 0.1614 � 0.0582). All implants were osseointegrated.

Conclusions: The combination of STE and subsequent vertical augmentation
provided high gain of well-structured bone for further successful implant therapy and
was accompanied by minimal complications.
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Placement of dental implants often
requires reconstruction of resorbed
alveolar ridges and a variety of bone

augmentation techniques is used to
improve the horizontal and vertical
dimensions of the implant site. When
applied for lateral ridge augmentation,
autogenous bone block grafts or guided
bone regeneration (GBR) techniques
provide a predictable volume of gener-
ated bone after healing (McAllister &
Haghighat 2007). On the other hand, the
outcome of vertical ridge augmentation
appears less clear. Clinical and histolo-
gical data support the feasibility of
vertical augmentation procedures such

as onlay grafting, inlay grafting, distrac-
tion osteogenesis or GBR (Rocchietta
et al. 2008, Esposito et al. 2009). How-
ever, these surgical procedures are con-
sidered highly technique sensitive and
the findings are difficult to extrapolate
(Rocchietta et al. 2008, Esposito et al.
2009). Although the reported incidence
of post-operative complications varies
highly among studies, it is apparent that
soft tissue dehiscence and exposure of
bone grafts to the oral cavity are com-
mon complications of vertical ridge
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augmentation, compromising the out-
come and leading to partial or complete
loss of the graft in up to 40% of the
cases (Verhoeven et al. 1997, Bahat &
Fontanesi 2001, Chiapasco et al. 2004,
2007, Roccuzzo et al. 2004, 2007,
Proussaefs & Lozada 2005, Barone &
Covani 2007, Merli et al. 2007, Canullo
& Malagnino 2008, Felice et al. 2009,
Urban et al. 2009).

Exposure of grafts is mainly attributed
to difficulties in achieving tension-free
closure of the flap (Lundgren et al.
2008). Generally, the elevation of a flap
disturbs perfusion and causes ischaemia
(McLean et al. 1995). Preservation of
sufficient blood flow is important for
tissue survival (Nakayama et al. 1982).
Conversely, reduction of blood supply
and ischaemia-reperfusion injury may
affect the operated tissue and may cause
complications such as necrosis of the flap.
The severity of tissue damage relates to
the duration and intensity of ischaemia
(Morris et al. 1993, Carroll & Esclamado
2000). Accordingly, a direct relation
between the extent of surgical trauma
and concomitant disturbance of perfusion
has been shown for periodontal surgical
procedures with different degree of tissue
traumatization (Retzepi et al. 2007).
Given that tissue mobilization for achiev-
ing tension-free primary wound closure
for vertical augmentation is considerably
more traumatic compared with a straight-
forward lateral augmentation procedure,
soft tissue quality and quantity appear as
key factors for predictable success.

Notwithstanding complications, volume
maintenance during healing is another
major concern, as up to 60% of graft
volume may be resorbed during healing
(McAllister & Haghighat 2007). Again,
compromised vascularization and tension
of the flap caused by soft tissue movement
and subsequent limitation of regenerative
space have been considered as causes for
limited outcomes in vertical augmentation
in animals (Rothamel et al. 2009) and in
humans (Lundgren et al. 2008). Thus, it
may be concluded that an antecedent
improvement of soft tissue quality and
quantity could enhance the outcome of
vertical bone regeneration.

Generation of soft tissue by using
subcutaneous tissue expanders before
reconstructive procedures is an established
method in plastic surgery. After implanta-
tion, the increase of expander volume
over time causes tension on the surround-
ing tissues and results finally in tissue gain
(Bennett & Hirt 1993, Bascom & Wax
2002). Osmotic self-filling tissue expan-

ders consist of a polymer of methylmetha-
crylate/vinylpyrrolidone and expand due
to absorption of body fluids. Presently,
these expanders are used for a variety of
indications, such as breast reconstruction,
defect coverage after excisions and pre-
paration of tissue donor sites (Berge et al.
2001, Ronert et al. 2004). Here, we report
for the first time on the application
of osmotic tissue expanders to improve
soft tissue before vertical augmentation of
severely resorbed ridges. The aim
of this study was to evaluate the feasibility
of a combined soft tissue expansion
(STE) and vertical augmentation proce-
dure with regard to gain of bone and
complications.

Material and Methods

Patients

Patients were recruited from patients
seeking implant treatment at the Depart-
ment of Periodontology, Charité – Uni-
versitätsmedizin Berlin. Resorbed
edentulous or partially edentulous ridges
class C or D (Misch & Judy 1987) and
the need of vertical bone augmentation
of 43 mm before placement of dental
implants were criteria for inclusion.

Exclusion criteria were untreated
periodontal disease; caries; insufficient
oral hygiene; previous radiation therapy;
smoking; systemic disorders potentially
affecting the outcome in implant ther-
apy (e.g. uncontrolled diabetes mellitus,
haemorrhagic disorders) and medica-
tions putatively affecting implant ther-
apy (e.g. bisphosphonates). Written
informed consent has been obtained
from each patient. The study protocol
has been approved by the institutional
Ethics Committee of the Charité – Uni-
versitätsmedizin Berlin (EA2/117/07).

Implantation of tissue expanders

Expander type and size (hemisphere
with 0.35 ml final volume; round-ended
cylinders with 0.24, 0.7, 1.3 or 2.1 ml
final volume; ‘‘Dental Cupola slow’’
and ‘‘Dental cylinder slow’’, Osmed,
Ilmenau, Germany) appropriate for the
edentulous site and with a swelling time
of 60 days (Fig. 1a and b) were selected
with surgical templates corresponding to
the final expander volume (Fig. 2a and
b). A submucosal pouch was prepared
with scalpel and scissors without eleva-
tion of the periosteum (Fig. 2c). The size
of the pouch was controlled with the
surgical template (corresponding to
the initial expander volume) that should
easily fit into the pouch (Fig. 2d).
The expander was placed into the pouch
and fixed with a bone fixation screw
(Fig. 2e). A meticulous two-layer wound
closure was performed using fine mono-
filament sutures. Administration of
antibiotics (amoxicillin 750 mg or clin-
damycin 600 mg) was started 1 h before
surgery and continued for 7 days. Ibu-
profen (400 mg) was prescribed as
analgesic. Patients were followed up
weekly and were advised to rinse with
0.2% chlorhexidine for 2 weeks until
suture removal. Abstention from remo-
vable prostheses was required. Fixed
provisional prostheses were adjusted
regularly according to the increasing
soft tissue volume. Bone augmentation
was carried out after 6–8 weeks of
expansion, when the expander had
reached its final volume (Figs 1a and 2f).

Expander removal and bone
augmentation

Depending on the needed graft volume
and the availability of intra-oral donor
bone, bone grafts were harvested either

Fig. 1. (a) Cylindrical tissue expander before and after swelling. (b) Volume increase over
time of a tissue expander in vitro (0.9% saline). The final volume (here: 0.7 ml) is reached
after approx. 60 days.
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from the mandibular ramus or the pos-
terior ilium.

Bone augmentation with ramus grafts
was carried out under local anaesthesia,
under sedation, anti-phlogistic medica-
tion with prednisolone and antibiotic
coverage. Ibuprofen 600 mg was pre-
scribed as analgesic and patients rinsed
with 0.2% chlorhexidine for 2 weeks.

At the donor site, a mucoperiostal flap
was reflected distally of the second
molar, exposing the lateral aspect of
the ramus along the external oblique
ridge. Block grafts were prepared with
a piezoelectric device (Piezosurgery II,
Mectron, Köln, Germany).

After midcrestal incision at the reci-
pient site, a mucoperiostal flap was
reflected. The expander was removed
and the bone was exposed. Generally,
vertical releasing incisions were
avoided; in case of adjacent teeth pre-
sent, the incision was extended into the
gingival sulcus for ease of reflection.
The local bone was perforated and the
block graft was secured with screws
(Institut Straumann AG, Basel, Switzer-
land). The graft was covered with a
granular bone substitute (BioOss, Geis-

tlich, Wolhusen, Switzerland) and a
collagen membrane (Ossix plus, Colbar,
Hertzelia, Israel). The incision was
closed with modified vertical mattress
sutures and single interrupted sutures,
using fine monofilament sutures. Sutures
were removed after 2 weeks.

Bone augmentation with grafts from
the posterior ilium was performed under
general anaesthesia and under antibiotic
coverage. The patient was placed in a
prone position and an incision was
placed extending cranially from the
posterior iliac spine. Grafts were har-
vested from the external wall of the
posterior iliac crest with an oscillating
saw and a chisel.

At the recipient sites, mucoperiostal
flaps were elevated (Fig. 3a). Again,
releasing incisions were avoided. After
removal of the expanders, the local
bone was exposed and perforated,
and onlay grafts were fixed with screws
(Fig. 3b). Patients were mobilized after
24 h and sutures were removed after 1
week.

The expanders were weighed after
removal and a biopsy was taken from
the expanded soft tissue.

Implant placement

In patients treated with ramus grafts and
GBR, implants (Standard Plus, SLAc-
tive surface, Institut Straumann AG)
were placed 6 months after bone aug-
mentation, following the standard pro-
tocol for non-submerged healing. In
patients treated with iliac grafts,
implants of the same type were placed
4 months after augmentation. Sutures
were removed after 1–2 weeks.

Radiographs

Cone-beam computed tomographies
(CBCT, Galileos, Sirona, Bensheim,
Germany) were taken before implanta-
tion of tissue expanders, and 4–6 months
after bone grafting, before placement of
dental implants. Digital panoramic
radiographs (Sirona) were made after
bone augmentation and after implant
surgery. The mean vertical bone gain/
surgical site was calculated to the nearest
millimetre by subtraction of bone height
before grafting from bone height before
implantation, using the CBCT software
measurement tool after aligning the

Fig. 2. (a) Resorbed edentulous ridge (class C) requiring vertical bone augmentation of approx. 5 mm. (b) The appropriate expander size is
selected using the surgical template (final expander volume). (c) A supraperiosteal mucosal pouch is prepared using scalpel and scissors. (d)
The preparation is controlled with the surgical template (initial expander volume). (e). The tissue expander is inserted into the pouch and fixed
with a bone fixation screw. (f) After 8 weeks of tissue expansion (1.3 ml expander), a considerable gain of soft tissue can be observed.
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investigation window at reproducible
anatomical landmarks (Fig. 4a and b).

Biopsies

At the time of bone augmentation, biop-
sies were taken from the expanded soft
tissue surrounding the expander, fixed in
4% formalin, embedded in paraffin,
stained with haematoxylin/eosin and
investigated with a light microscope.

Bone core biopsies were harvested at
the time of implant placement using a
trephine drill (inner diameter 2.2 mm)
for preparation of the implant site, and
fixed in formalin. The bone biopsies
were investigated with micro-compu-
ted tomography (micro-CT), using an
experimental cone-beam micro-CT
scanner with a micro-focus tube (voxel
size 20 mm).

Results

Twelve patients (three men, nine
women, mean age 45 years, range 21–

73 years) were included in the study
since November 2007. Treatment was
concluded in October 2009.

Expanders were placed in 24 surgical
sites. Post-operative sequelae were min-
or edemata and slight pain; generally,
the treatment was well tolerated.

Healing and expansion period were
uneventful in 10 patients. In two
patients, expanders perforated through
the mucosa and were removed. Reasons
for perforation were seroma formation
and infection after 4 weeks (one site),
and probably, the use of an oversized
expander type (one site). These sites
were allowed to heal for 6 weeks and
were successfully retreated with smaller
expanders. In two sites, fistulae devel-
oped after seroma formation shortly
before bone augmentation. These sites
were treated with instillation of a tetra-
cycline/cortisol paste until augmenta-
tion surgery.

Augmentation with ramus grafts and
GBR was carried out in 12 sites in nine
patients. In three patients (12 recipient
sites), corticocancellous bone grafts

from the posterior ilium were placed as
onlay grafts onto the resorbed mandible,
or in the maxilla, onlay grafting was
combined with a sinus lift procedure
with granular bone substitute. In all
cases, wound closure at the recipient
sites was easily achieved without further
mobilization of tissue beyond the inci-
sion for the removal of the tissue expan-
ders (Fig. 3b).

Paraesthesia of the mental region
occurred in one patient after ramus
grafting, but resolved spontaneously
after 4 months. One minor exposition
occurred after vertical augmentation in
the posterior maxilla, but healed spon-
taneously after debridement and re-
peated application of chlorhexidine gel.

In all other cases and augmented
sites, wound healing was uneventful.
Weighing of the expanders after explan-
tation showed that all expanders had
reached their expected final volume
(data not shown). Histological analysis
of the soft tissue capsule surrounding
the expander showed dense connective
tissue and absence of infiltration (Fig.
6a).

After the designated healing time of 4
and 6 months, respectively, analysis
with the CBCT measurement tool
revealed a mean vertical bone gain of
7.5 � 2.4 mm (range 3–12 mm) before
implant surgery. In all patients, the
desired height of augmentation was
reached and 53 implants (1–19 implants
per patient, length 8–12 mm) could be
placed as intended (Fig. 5a and b) with-
out additional grafting. In 22 of 24 sites,
the width of keratinized gingiva was
increased with free gingival grafts (20
sites) or connective tissue grafts (two
sites) simultaneously with placement of
the implant (six sites) or after healing
(16 sites). All implants were osseointe-
grated and were used for fixed partial
dentures, crowns or bar-retained remo-
vable prostheses.

Eleven bone biopsies were analysed
by micro-CT (Fig. 6b and c; supporting
information Video S1) and a mean BV/
TV (bone volume/tissue volume) of
0.1614 � 0.0582 was found.

Discussion

The use of tissue expanders before intra-
oral bone graft surgery has been occa-
sionally described in case reports (Lew
et al. 1988, Wittkampf 1989, Bahat &
Handelsman 1991). In these studies,
‘‘classical’’ types of tissue expanders

Fig. 3. (a) The tissue expander is explanted in the course of bone augmentation surgery. (b)
After fixation of the bone graft, primary closure of the flap is easily achieved without further
mobilization.

Fig. 4. (a) Cone-beam computed tomographic cross section of a resorbed mandible before
augmentation. Mandibular height: 15.7 mm. (b) Same section of the same patient, 6 months
after augmentation. Mandibular height: 22.6 mm, radiographic bone gain approx. 6.9 mm.
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were used, i.e. variations of inflatable
silicone balloons. Usually, these expan-
ders are filled once a week by injection
of saline into subcutaneous filling ports
or percutaneous valve constructions
to the extent until the skin over the
expander appears blanched. However,
decreased tissue perfusion and hypoxia
are caused by intra-luminal pressure
spikes that result from the intermittent
filling technique (Pietila 1990), and may
lead to tissue necrosis and subsequent
perforation of the balloon expander
through skin or mucosa (Wiese 1993).
Generally, percutaneous injections into
subcutaneous ports require local anaes-
thesia, while percutaneous valve con-
structions that penetrate the skin
increase the risk of infection (Wiese
1993). These disadvantages may
become even more relevant in the oral
environment and may have as yet
impeded the systematic application of
tissue expanders for ridge augmentation.

In our study, we used for the first time
osmotic tissue expanders before vertical
ridge augmentation. Complications such
as perforation and seroma formation
occurred in four of 24 sites, similar to
the use of osmotic expanders in other
indications (Ronert et al. 2004). In two
sites, expander implantation was suc-
cessfully repeated using a smaller
expander type. Seroma formation in
two sites shortly before bone augmenta-
tion was treated with a local antibiotic
and did not interfere with bone augmen-
tation surgery. Osmotic expanders
increase their size by absorption of
body fluids and the need for external
fillings is eliminated, which may explain
the low incidence of infectious compli-
cations during osmotic tissue expansion
in our study and in other indications
(Ronert et al. 2004).

Further, this type of expander is
ensheathed with a silicone shell; per-
forations in the impermeable shell allow

influx of tissue fluid, while the rate of
influx over time (and therefore speed of
volume increase) is controlled by the
number of perforations. Unlike bal-
loons, osmotic expanders with suchlike
silicone shells swell slowly and continu-
ously, and injection-dependent pressure
peaks are avoided (Anwander et al.
2007). The expanders used in our study
reach their final volume after 60 days.
Slow and continuous expansion results
in safe and effective generation of soft
tissue (Wiese 1993, Wiese et al. 2001),
as experienced during bone augmenta-
tion surgery and confirmed by the
absence of infiltration in soft tissue
biopsies (Fig. 6a).

The expanders were placed in a sub-
mucosal pouch without elevation of the
periosteum. Expansion of the perios-
teum is not to be expected, as it is
replaced by fibrous connective tissue
after subperiosteal implantation of tissue
expanders (Tominaga et al. 1993), while
a new periosteum is formed underneath
the expander. Further, subperiosteal
implantation causes significant resorp-
tion of the underlying bone (Stuehmer et
al. 2009), a finding that was not
observed in our patients. In addition, a
submucosal pouch is easily and quickly
prepared and well tolerated by the
patient; hence, supraperiosteal implan-
tation appears preferable over subper-
iosteal implantation of osmotic tissue
expanders.

After expansion, major bone augmen-
tation procedures were carried out. The
quality of expanded tissue was excellent
and the space created by tissue expan-
sion permitted easy primary closure
without the need for additional flap
advancement. Accordingly, the inci-
dence of post-operative graft exposi-
tions was very low (one in 24 sites,
4%), when compared with studies of
vertical bone augmentation without pre-
vious tissue expansion (mean incidence
of expositions 21.4%, up to 50%,
Table 1) (Verhoeven et al. 1997, Prous-
saefs et al. 2002, Roccuzzo et al. 2004,
2007, Chiapasco et al. 2004, 2007,
Proussaefs & Lozada 2005, 2006, Bar-
one & Covani 2007, Merli et al. 2007,
Canullo & Malagnino 2008, Fontana
et al. 2008, Felice et al. 2009, Urban
et al. 2009).

Before implant surgery, after 4–6
months of healing, standardized CBCT
measurements showed a mean vertical
bone gain of 7.5 � 2.4 mm. These
results compare favourably with the
mean bone gain of 4.13 � 1.05 mm

Fig. 5. (a) Panoramic radiograph before bone augmentation. Minimal bone height over the
mandibular canal. (b) Panoramic radiograph after implant surgery. Vertical bone gain of
approx. 8 mm.

Fig. 6. (a) Biopsy of the tissue capsule surrounding the expander. After 8 weeks of tissue
expansion, a fibre-rich dense connective tissue without the presence of inflammatory cells can
be seen. (b and c) Micro-CT of a bone core biopsy taken at implant site preparation 4 months
after grafting from the posterior ilium shows distinct trabecular structures (BV/TV 0.237). A
supplemental movie file shows the full volume of the scan.
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(range 2.2–5.1 mm) reported in the
aforementioned studies after similar
healing periods (Table 1) and to data
similarly aggregated in a systematic
review (mean vertical bone gain:
4.8 mm, incidence of graft expositions:
18.8%; Jensen & Terheyden 2009).

Bone biopsies were investigated with
micro-CT (Fig. 6b and c; supporting
information Video S1). Three-dimen-
sional micro-CT gives a better estimation
of bone regeneration than classical two-
dimensional histomorphometry using
histologic sections, because the histolo-
gic processing results in loss of biopsy
material (Muller et al. 1998, Stiller et al.
2009). As microarchitecture reflects bone
quality (Majumdar 2003), an appropriate
ratio of BV/TV and the distinct trabecu-
lar structure found in biopsies of regen-
erated bone further illustrate the good
outcome after vertical bone augmenta-
tion subsequent to STE.

In conclusion, our findings demon-
strate the feasibility of tissue expansion
using osmotic expanders before vertical
bone augmentation. STE was accompa-
nied by minimal complications and the
incidence of graft expositions after aug-
mentation surgery was very low. The
combined treatment resulted in compar-
ably high vertical gain of well-struc-
tured bone and may help to further
improve the outcome and predictability
of implant therapy of patients showing
severe bone resorption.
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Supporting Information

Additional Supporting Information may
be found in the online version of this
article:

Video S1. Full volume micro-CT scan
of a bone core biopsy taken at implant
site preparation 4 months after grafting
from the posterior ilium (BV/TV 0.237).

Please note: Wiley-Blackwell are not
responsible for the content or function-
ality of any supporting materials sup-
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than missing material) should be direc-
ted to the corresponding author for the
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Clinical Relevance

Scientific rationale for the study:
Post-surgical graft exposition and
subsequent loss of grafted bone are
common complications of vertical
ridge augmentation and are attributed
to deficient soft tissue. We investi-
gated clinical and histological out-
comes and the feasibility of a
procedure combining vertical ridge

augmentation and preceding STE
using self-filling osmotic tissue
expanders.
Principal findings: Implantation of
tissue expanders was accompanied
by minimal complications. After tis-
sue expansion, primary closure at
vertical augmentation was easily
achieved without further tissue mobi-
lization and the incidence of graft

expositions was low. At implant pla-
cement, comparatively high vertical
gain of well-structured bone was
found.
Practical implications: The combi-
nation of STE and subsequent verti-
cal ridge augmentation may be
considered for implant treatment of
patients with severely resorbed eden-
tulous ridges.
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