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This study presents a novel bone reconstructive technique based on guided

bone regeneration for localized three-dimensional hard tissue augmentation.

This two-stage technique utilized a titanium osteosynthesis plate and a collagen
membrane to form a physical barrier resembling a fence that contains bone graft
biomaterial composed of a combination of deproteinized bovine bone matrix and
autologous bone grafted from intraoral sites. Six patients were treated. At 6 months
postsurgery, an increase in bone volume of 953 mm?® was shown. Mean maximum
linear augmentation in the vertical direction was 6.75 mm. Histologic analysis of
the regenerated area revealed the presence of compact newly formed bone with
no sign of inflammation. A total of 13 implants were placed. Peri-implant marginal
bone level was 0.94 mm at implant placement and 1.30 mm after 6 months. The
patients were satisfied with the procedure and no complications were observed.
(Int J Periodontics Restorative Dent 2015;35:57-64. doi: 10.11607/prd.2029)

'Private Practice, Rimini, Italy; Clinical and Research Director, International Dental Research and
Education (InDent), Rimini, Italy; Visiting Professor, Politecnico delle Marche, Ancona, Italy.
2Private Practice, Rimini, ltaly; Research Assistant, InDent, Rimini, Italy.

3Director, Applied Medical Imaging Research Group (AMIRG), Milan, Italy.

“Fellow Researcher, Department of Medical Sciences, University of Trieste, Trieste, Italy.
SPrivate Practice, Rimini, Italy.

¢Statistics and Research Coordinator, InDent, Rimini, ltaly; Visiting Professor, University of
Florence, Florence, Italy.

Correspondence to: Dr Mauro Merli, Viale Settembrini 17/0 47923 Rimini, Italy;
fax: +39-0541-52308; email: mauromerli@gmail.com.

©2015 by Quintessence Publishing Co Inc.

Bone augmentation procedures
are applied in patients lacking an
adequate quantity of bone for im-
plant placement. Augmentation
procedures are divided into two
broad categories: horizontal bone
augmentation, which increases the
width of the recipient bone, and
vertical bone augmentation, which
increases the height of the recipient
bone.’

In many instances, a combina-
tion of horizontal and vertical bone
augmentation is needed. These
three-dimensional (3D) bone defects
can be treated by guided bone re-
generation (GBR), distraction osteo-
genesis, autogenous inlay or onlay
bone graft from intra- and extraoral
donor sites, and an array of other
techniques.?” However, these tech-
niques are often associated with
high complication rates, costs, and
patient discomfort.” Complications
and discomfort at the extraoral do-
nor site have been previously re-
ported.’®' Szabo et al'? described
cases in which harvesting autog-
enous bone from the iliac crest re-
sulted in permanent sensory loss in
the distribution of the lateral femoral
cutaneous nerve in one patient and
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prolonged wound drainage in two
patients. Intraoral donor sites could
lead to fewer and less severe com-
plications.'3-15

The data obtained from a sys-
tematic review showed that GBR is a
predictable technique that allows for
the placement of implants in atro-
phic areas.’® In GBR, barrier mem-
branes, in combination with various
graft materials such as autogenous
bone, allografts, xenografts, and al-
loplastic materials, are often used for
vertical bone augmentation.'’-22

The results of a recent random-
ized controlled trial showed that the
addition of bovine bone mineral and
a collagen barrier membrane placed
around and over a mandibular bone
block graft could minimize graft re-
sorption during healing compared
to a mandibular bone block graft
alone.??

The use of an autogenous bone
block in combination with a barrier
membrane has been reported to be
effective when edentulous segments
are to be treated for vertical ridge
augmentation, but there are few re-
ports of vertical GBR by applying a
particulate graft.*

Recently, a new procedure for
GBR, called the “fence technique,”
was described: A space, based
on the volume of the bone graft
planned in advance, is created by
modeling an osteosynthesis plate.?®
The “fence” provides a retaining
space for the compressed particulate
grafting biomaterial and support for
the covering collagen membranes.
This two-stage technique allows for
the formation of large quantities of
regenerated bone in both the hori-
zontal and vertical dimensions with

limited discomfort to the patient and
has been proposed for cases of ex-
treme bone atrophy in edentulous
maxillary jaws.?

The fence technique could be
applied for osseous defects localized
to a portion of a maxillary or mandib-
ular arch for partially edentulous pa-
tients whose anatomy or prosthetic
requirements do not permit the use
of short or tilted implants.?6-2

The aim of this study was to il-
lustrate a variation of the original
fence technique to be used for local-
ized 3D augmentation.

Method and materials

Eligible participants for this study
were adults, 18 years old or older,
in need of implant treatment and
with an extremely atrophic localized
edentulous alveolar crest in the man-
dible or the maxilla. The patients’
medical histories showed no sys-
temic or local contraindications for
surgical therapy. The research was
conducted in full accordance with
ethical principles, including the Dec-
laration of Helsinki, and each partici-
pant gave written consent according
to these principles.

Surgical procedure: The
localized fence technique

A two-stage procedure with intrave-
nous sedation was planned for the
six patients treated with the local-
ized fence technique.

Preliminary cone beam com-
puted tomography (CBCT) scans of
the atrophied arch were performed

to evaluate the 3D morphology
of the hard tissue. The data were
used to create a stereolithographic
cast using specific epoxidic, ther-
mosetting, and light-sensitive resins
(3DIEMME). This anatomical epoxy
resin cast served as a framework for
presurgical planning of the bone re-
construction procedure.

An osteosynthesis titanium plate
was adapted to the cast to define
the volume for the bone regenera-
tion. The osteosynthesis plate used
in the reconstructive stage was po-
sitioned at the planned distance
from the native bone in order to
constitute a physical barrier (ie, the
“fence”) that would contain the bio-
material necessary for the regen-
eration, permitting vertical and/or
horizontal augmentation.

At surgery, the incision was
slightly positioned on the lingual
side of the edentulous ridge with
a vestibular bevel. This incision al-
lowed for the complete exposure
of the osseous ridge with a minimal
elevation of the lingual flap. Further-
more, this incision maximized the
conservation of the keratinized tis-
sue on the vestibular aspect of the
ridge. If required, a sinus floor eleva-
tion procedure was performed in the
maxillary arch.

The
plate was then fixed using specific

osteosynthesis  titanium
miniscrews. When the plate was
fixed and stable, the bone grafting
phase began. In the six cases de-
scribed, deproteinized bovine bone
matrix (DBBM; Bio-Oss, Geistlich)
was used in combination with the
patient’s bone. The ratio between
autologous bone and DBBM was
approximately 50:50. The bone graft
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Fig 1
old nonsmoking female with an extremely
atrophic alveolar crest on the left side of the
mandible.

was obtained from intraoral sites,
preferably the mandibular area at
the base of the ramus.

A semilunar incision in the al-
veolar mucosa approximately 1 cm
distal to the third molar was used
to gain access to the corpus ramus
of the mandible and was extended
along the bone crest, ending me-
sial and buccal to the first molar.?
The osteotomy was performed with
piezoelectric handpieces. Once the
bone block was detached, the oste-
otomy cut edges were rounded off
to prevent soft tissue trauma, and
the mucosa was sutured.?’?

The harvested bone was then
particulated using a manual milling
machine (Hu-Friedy) and was mixed
with DBBM and the patient’s venous
blood, resulting in a gelatinous con-
sistency. To stimulate bone regen-
eration, micro—perforations were
drilled into the residual bone crest
to open marrow spaces. The bioma-
terial was then positioned to fill the
entire space between the bone wall
and the internal face of the plate.

The collagen resorbable mem-
brane (Bio-Gide, Geistlich) was af-
fixed by osteosynthesis titanium
tacks to the lingual aspect of the

Case 1. Presurgical view of a 59-year-

Fig 2 Case 1. Presurgical cone beam computed tomography scans of the left side of
the mandible.

area (one tack at each membrane
corner). After the membrane was re-
flected onto the vestibular side, two
tacks were used to affix the mem-
brane on the buccal side. The size of
the membrane used was strictly de-
pendent on the mesiodistal dimen-
sion of the edentulous area.

The creation of a perfect seal
along the primary horizontal inci-
sion lines is fundamental to avoid
the risk of dehiscence and possible
exposure of the membrane surface
and infection of the grafted bone. A
flap extension technique (muscular
dissection and/or perioplasty) fixed
with a “double suture” was applied
in order to avoid this type of com-

plication.3
The implants (SPI-ELEMENT
with INICELL surface, Thommen

Medical) were inserted 6 months
postsurgery and loaded 1 to 3
Defini-
tive prostheses were applied 3 to 6

months after placement.

months after loading.

The presence of complications
was assessed during the entire pro-
cedure as well as 12 months after
surgery, when the patients were
asked to express their degree of sat-
isfaction with the procedure via visual

analog scale (VAS) from O (greatly
dissatisfied) to 10 (very satisfied).
The questions addressed subjective
problems with the procedure under-
taken.

The surgical procedures of two
representative cases are shown in
Figs 1 through 12.

Bone graft analysis

Prior to surgery and at the 6-month
follow-up before implant insertion,
each patient underwent a CBCT
scan of the treated arch. The dataset
was exported in the Digital Imaging
and Communications in Medicine
(DICOM) format and processed with
diagnostic and analysis software
(3Diagnosys 4.0, 3DIEMME) in order
to extract the bone surface in .stl for-
mat. Stereolithography (.stl) is a geo-
metric file format compatible with
the entire computer-aided-design
(CAD) and reverse-engineering soft-
ware packages suitable for a surface
modification study between differ-
ent bone reconstructions.

The presurgery and follow-
up surfaces were imported in an
industrial 3D inspection software
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Fig 3 Case 1. Stereolithographic model
with the osteosynthesis titanium plate.

Fig 8 Case 1. Regenerated
tissue at 6 months postsur-
gery. Occlusal view.

Fig 9 Case 1. Two implants were inserted
in the regenerated region at 6 months
postsurgery.

Fig5 Case 1. The space, confined by the
osteosynthesis plate, was filled with the
grafting material.

Fig4 Case 1. Osteosynthesis titanium
plate fixed at surgery.

Fig 6 (left) Case 1. Membrane fixed with
titanium tacks.

Fig 7 (right) Case 1. Regenerated tissue
at 6 months postsurgery.

Fig 10 Case 1. Provisional prosthesis 12 months post-

surgery.

Fig 11 (left) Case 2. Stereolithographic
model with the osteosynthesis titanium
plate. The presurgical assessment con-
firmed an extremely atrophic edentulous
alveolar crest in the maxillary region due to
peri-implantitis that evolved into the com-
plete destruction of the supporting bone.

Fig 12 (right) Case 2. Two implants
inserted in the regenerated area 6 months
postsurgery.
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Fig 13 Case 1. Color map. Yellow and red shades represent

bone growth.

(Geomagic Qualify 12, Geomagic)
and superimposed through a best-
fit iterative algorithm, using the
bone regions outside of the graft-
ed areas as points of reference.
After the superimposition, the soft-
ware calculated the distance be-
tween the meshes and generated
a color map corresponding to the
difference between the presurgery
surface (taken as a reference) and
the follow-up surface, as well as
the numeric values corresponding
to this weighted color map. Two
representative color maps are pre-
sented in Figs 13 and 14.
To calculate a global
growth volume, the surface cor

bone

responding to the graft area was
closed along the main patient direc-
tions (axial, coronal, and sagittal) in
order to obtain a closed volume, and
the difference between the presur-
gery and follow-up was calculated.
In addition, the maximum linear aug-
mentation in the vertical direction in
millimeters was registered.

bone growth.

After 6 months, a CBCT scan
was taken and the horizontal aug-
mentation was measured at the im-
plant positioned most mesially, 2 mm
apical to the bone crest.

Histologic evaluation

In case 1, during the stage-two sur-
gery for implant placement, bone
core biopsy specimens correspond-
ing to the regenerated bone areas
were harvested using a trephine bur,
with a 2-mm outer diameter, under
copious irrigation. Bone biopsy
specimens were immediately fixed
in 10% buffered formalin solution
(Sigma Chemical) at 4°C for 24
hours. The specimens were dehy-
drated in an ascending series of
alcohols and embedded in a Lon-
don White resin (London Resin).
After acrylic resin polymerization,
specimens were sectioned along
their longitudinal axes with a high-

precision diamond disk and ground

Fig 14 Case 5. Color map. Yellow and red shades represent

to approximately 40 mm with a
specially designed grinding ma-
chine (Micromet, Remet). The non-
decalcified ground sections were
stained with acid fuchsin and
toluidine-blue staining. The slides
were observed under normal trans-
mitted light with an optical micro-
scope (Eclipse E800, Nikon).

Peri-implant bone level

Peri-implant marginal bone levels
were measured by periapical intra-
oral radiographs taken with the par-
allel technique at implant placement
and after 6 months (after a loading
time of approximately 4 months).
The digitized radiographs were ex-
amined using commercially available
software (Immagine, Dental Trey).
The radiographic measurement was
taken from the implant-abutment
junction to the most coronal point of
bone-to-implant contact. The mea-
surements were made parallel to
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Patient characteristics before and after treatment

Patient Age (y) Sex Smoker TOvol (mm3) T1vol(mm3) Voldiff(mm3) Maxlin(mm) VAS
1 59 F No 1,928 2,940 1,012 5.87 10
2 62 F No 943 1,601 658 8.48 10
3 56 M No 3,296 4,526 1,230 9.10 10
4 65 F No 4,672 5,526 854 4.87 10
5 36 M No 2,198 2,579 381 5.85 10
6 20 F No 1,990 3,573 1,583 6.34 9
Mean 49.7 - - 2,504.5 3,457.5 953.0 6.75 9.8
SD 17.8 - 1,300.3 1,408.5 424.5 1.66 0.4

T0 vol = presurgery bone volume; T1 vol = bone volume at 6-month follow-up; vol diff = bone volume difference between T0 and T1;
max lin = maximum vertical linear augmentation; VAS = visual analog scale from 0 (strongly dissatisfied) to 10 (very satisfied) administered 12 months

postsurgery; F = female, M = male.

Fig 15 Case 1. Low magnification view
of the histologic appearance of the entire
bone core biopsy specimen. (Toluidine-
blue and acid fuchsin staining; original
magnification X2).

the long axis of the implant fixture
along the mesial and distal surface
of the implants.

Statistical analysis

Descriptive statistical analysis was
performed at patient level for age,
sex, smoking, VAS, volume, maxi-
mum linear vertical augmentation,
and horizontal augmentation and at
implant level for peri-implant mar-
ginal bone measures. Means and

Fig 16 Case 1. Histologic appearance
of the regenerated bone area using
particulated autologous bone mixed
with deproteinized bovine bone matrix.
(Toluidine-blue and acid fuchsin staining;
original magnification X5).

SDs were calculated for quantitative
variables and frequency for qualita-
tive variables.

Results

Six patients (2 men and 4 women,
nonsmokers, mean age: 49.7 years)
were included in this study.
Individual patient data, means,
and SDs are reported in Table 1.
Bone volume increased from 2,504
presurgically to 3,457 mm3® at 6

Fig 17 Case 1. Higher magnification view
showing residual grafted particles that were
occasionally present and almost completely
surrounded by newly formed bone.
(Toluidine-blue and acid fuchsin staining;
original magnification X 10).

months with a mean augmentation
of 953 mm3. The mean maximum
linear augmentation in the vertical
direction was 6.75 mm. Mean hori-
zontal augmentation was 9.23 mm
(SD: 1.80 mm).

Representative histologic views
of case 1 are shown in Figs 15 to 17.
Results of the histologic analysis of
bone core biopsy specimens ob-
tained from the regenerated area
after 6 months revealed the pres-
ence of a homogenous and com-
pact bone substrate idoneous for
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implant placement. The regener-
ated portion was mainly represent-
ed by areas of bone remodeling
with spotted regions where grafted
particles were detectable after 6
months (Figs 15 to 17). The overall
appearance showed the presence
of compact newly formed bone
spaces
containing newly formed vessels,

surrounded by marrow

indicating intense angiogenesis ac-
tivity (Fig 17). All histologic sections
showed no sign of inflammation.

At the reentry surgery, 13 im-
plants were inserted (3 implants
in case 3 and 2 implants in the
other cases). The mean length of
the implants was 10.2 mm (range:
6.5 to 14 mm), and the diameter
was 4.5 mm. The mean insertion
torque was 32.5 Ncm (range: 25
to 40 Ncm). At implant placement,
marginal bone level was 0.94 mm
(SD: 0.45 mm). After 6 months, the
mean * SD marginal bone level
was 1.30 = 0.54 mm with a mar-
ginal bone loss of 0.36 = 0.31 mm.

Twelve months after surgery, the
patients were asked to express their
degree of satisfaction with the pro-
cedure. VAS scores are reported in
Table 1. All patients rated the maxi-
mum score except case 6.

During the entire procedure no
complications were observed.

Discussion

The technique described has been
applied to atrophied edentulous re-
gions as a two-stage procedure. The
six cases presented showed positive
outcomes, resulting in a substan-
tial reconstruction of the alveolar

crest deficiencies and allowing
for successful implant placement.

The mean bone growth was
953 mm?3 in volume and 6.75 mm
in maximum vertical augmentation
without complications. In addition,
the patients perceived the proce-
dure favorably.

A successful outcome of GBR
requires the fulfillment of certain bio-
logic principles: wound stabilization,
exclusion of competing tissue, and
space maintenance.®' The use of
osteosynthesis titanium plates with
bone grafting and resorbable barri-
ers for ridge augmentation has been
described previously with excellent
results.?

The original fence technique
applied a resorbable osteosynthesis
plate, made of poly-DL-lactic acid
(PDLLA), which was fixed using spe-
cific bioresorbable PDLLA pins.? In
this modified localized fence tech-
nique, a nonresorbable titanium
osteosynthesis plate is used. The ti-
tanium osteosynthesis is thinner and
narrower than the resorbable plate;
hence, in a localized defect it can
perfectly adapt to the residual ridge
concavity. In addition, the cost of the
procedure is reduced when treat-
ing a localized sextant, although this
technique requires stereolithogra-
phy and the use of specific devices
that may increase the overall costs.

In the present study, the newly
formed bone was well organized,
and after 6 months, the histologic
analyses revealed the presence of
a homogenous and compact bone
substrate mainly characterized by
newly formed bone where spotted
regions of residual grafted bone
particles were detectable.

The fence technique seems to
be a favorable option in cases of
atrophied edentulous regions com-
pared to alternative and more in-
vasive solutions, such as the use of
onlay bone grafts harvested from
extraoral donor sites or the use of
zygomatic implants. However, the
clinical cases presented were car-
ried out by a surgeon experienced in
GBR, and it is unclear whether these
results can be attained by less expe-
rienced operators.

Conclusions

The results of these case reports are
very promising. The fence technique
has proven to be safe and reliable,
although randomized controlled tri-
als are needed to validate the effec-
tiveness of this procedure.
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