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Reconstruction of the Alveolar Bone
Using Bone Augmentation With Selective

Laser Melting Titanium Mesh Sheet:
A Report of 2 Cases

Kazuya Inoue, DDS, PhD,* Yoichiro Nakajima, DDS, PhD,* Michi Omori, DDS,† Yoshifumi Suwa, DDS, PhD,*
Nahoko Kato-Kogoe, DDS, PhD,* Kayoko Yamamoto, DDS,† Hisashi Kitagaki, PhD,‡ Shigeo Mori, PhD,‡

Hiroyuki Nakano, DDS, PhD,* and Takaaki Ueno, DDS, PhD§

W
ith the increasingly wide-
spread use of dental implants,
bone augmentation for high-

grade alveolar bone resorption is being
implemented using a variety of meth-
ods. An adequate structural base of
osseous tissue is necessary for support-
ing the dental implant. Bone augmen-
tation is needed to make the space
before the embedding,1 if there is
insufficient bone volume in the alveo-
lar bone. Bone augmentation method
using the space-making device2–5 is
used to create space in the defect area,
and the bone is augmented using
autologous bone or artificial bone
material such as hydroxyapatite or
calcium phosphate. Commonly used
materials for conventional artificial

space-making device include absor-
bent material such as collagen and
mesh-like, thin, flat titanium (Ti) that
is manually adapted to fit the shape of
the bone defect.6–10 However, adapt-
ing a flat titanium mesh sheet to com-
plex bone defect areas comprising
curved and flat surfaces requires a large
amount of effort. In an attempt to sim-
plify this process, we have been using
a selective laser melting (SLM) Ti pro-
tocol11 to adapt the titanium mesh
sheet to bone defects. Use of SLM to
modify the Ti mesh sheet enables
accurate shaping of the sheet to mor-
phologically complex alveolar bone
defects, which both shortens surgery

duration and enables accurate augmen-
tation of the bone form.

The aim of this report was to
present the clinical feasibility of bone
augmentation using SLM Ti mesh
sheet.

MATERIALS AND METHODS

Material Simulation
Preoperative surgical simulation

was implemented based on the number
of implants and the embedding angle of
the dental implants, as determined
using BioNa, a 3-dimensional image
analysis software (Wada Precision
Dental Laboratories Co. Ltd., Osaka,
Japan) and Digital Imaging and
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Bone augmentation is used to
supplement bone defects during den-
tal implant treatment. In this tech-
nique, the area filled with bone
prosthetic material is covered with
an artificial space-making device or
titanium mesh sheet, which must be
manually adapted to the bone defect
during the procedure before being
fixed in place. Selective laser melting
(SLM) method can be used to pre-
adapt the titanium mesh sheet based
on preoperative CT data. This
method enables shorter surgery
times compared with conventional
titanium mesh sheet methods, as well

as regeneration of an ideal alveolar
bone shape. Here, we present 2
cases of bone augmentation using
the SLM titanium mesh sheet
method. The postoperative course
was without complications in both
cases; neither patient experienced
mesh exposure or infection during
healing. The SLM titanium mesh
sheet method should be considered
as a new and effective bone augmen-
tation method. (Implant Dent
2018;27:602–607)
Key Words: bone augmentation,
bone defect, dental implant
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Communications in Medicine data ob-
tained from CT. The bone shape and
volume required at the implant embed-
ding site were calculated based on this
simulation, and the Ti mesh sheet was
designed on a computer. The simulated
Ti mesh sheet was then converted into
data in a Standard Triangulated Lan-
guage format. The mesh sheet was
placed into a metal laminate molding
apparatus, and the molding position
was determined within the modeling
range by the onboard internal software
and metal additive manufacturing
machine EOSINT M 270 (EOS GmbH
Electro Optical Systems, Krailling,
Germany). Pure Ti powder was scat-
tered onto the shaping sheet and moved
with a laser light, following the 2-
dimensional data for each layer with
respect to the molding position and
modeling shape; only the powder irra-
diated by the laser light was selectively
melted and coagulated into a 30-mm
thick layer. This process was repeated
to fabricate Ti mesh sheet 0.3 mm in
thickness shaped to the simulated
design (Fig. 1).12

CASE REPORTS

Case 1
The patient was a 50-year-old

woman who had lost her maxillary
central incisors and surrounding alveo-
lar bone through trauma to the anterior
maxilla. The design simulation was
created from the preoperative CT im-
ages, and a 0.3-mm thick porous Ti
mesh sheet was fabricated according to
the method detailed above. An incision
was made in the gingival periosteum,
and the mucoperiosteum flap was re-
flected to reveal the bone defect (Fig. 2,
A). There was bone loss in both the ver-
tical and buccal directions correspond-
ing to the defect seen on the
preoperative CT scan (Fig. 2B). The
SLM Ti mesh sheet was trial-fitted to
the defect, and there was sufficient
agreement (Fig. 2, C and D). The dental
implant (Brånemark System MKⅢ
Groovy RP 3.753 13 mm; Nobel Bio-
care, Zurich, Switzerland) was embed-
ded into the remaining alveolar bone,
and artificial bone13 (Bio-Oss; Geistlich
Pharma, Wolhusen, Switzerland) was

Fig. 1. Outline of the custom-made, SLM titanium mesh sheet protocol. Measurement of the
bone defect was performed using 3-dimensional measurement software; an SLM titanium
mesh sheet with dimensions appropriate for the necessary bone mass was designed; and the
corresponding STL data were forwarded to a 3-dimensional construction device (EOSINT M
270; EOS GmbH Electro Optical Systems). A 30-mm thick SLM titanium mesh sheet was
manufactured in the EOSINT M 270. STL, standard triangulated language.

Fig. 2. A, Preoperative image. The patient was a 50-year-old woman who had lost her
maxillary central incisors and surrounding alveolar bone through trauma to the anterior maxilla.
B, The design simulation was created from the preoperative CT images. A bone defect was
found on the labial side; therefore, bone augmentation using synthetic bone was planned at
the same time as the embedding of an implant at the site. C and D, The condition of the
alveolar bone before bone augmentation. There was a large bone defect on the buccal aspect
of the bone. Artificial bone (Bio-Oss; Geistlich Pharma) was used to fill the space between the
residual bone and the Ti mesh.
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infiltrated into the space between the
residual bone and the fixed SLM Ti
mesh sheet using a 1.0- 3 6.0-mm mi-
croscrew (KLS Martin Group, Tuttlin-
gen, Germany). The mucoperiosteum
was then sutured. Postoperatively, the
mucous membrane was healthy. Six
months after surgery, clinical examina-
tion of the patient revealed that the
mucosa remained healthy and that the
bone condition was sufficient (Fig. 3, A
and B); bone morphology under the Ti
mesh sheet was confirmed on CT im-
ages (Fig. 3, C and D). After consider-
ing the situation, we decided that
retraction of the gingiva to remove the
SLM Ti mesh sheet would influence
mucosal volume, so the SLM Ti mesh
sheet was left embedded to maintain
esthetic appearance. The patient is cur-
rently free of any gingival malformations.

Case 2
The patient was a 46-year-old man

who had tooth loss on the left side from
the maxillary canines to the premolars
because of severe periodontitis associ-
ated with extensive resorption of the
surrounding alveolar bone.As in case 1,
a 0.3-mm thick porous Ti mesh sheet
was prefabricated using the SLM
method (Fig. 4, A–C). An incision
was made in the gingival periosteum,
and the mucoperiosteum was reflected
to reveal the bone defect. There was
bone loss in both the vertical and buccal
directions, consistent with the defect
seen on preoperative CT imaging. We
trial-fitted the SLMTimesh sheet to the
defect with sufficient result (Fig. 4C).
The Ti mesh sheet was then fixed with
1 screw, and artificial bone (OSferion;
Olympus, Tokyo, Japan) and autolo-
gous bonewere infiltrated into the space
between the residual bone and the SLM
Ti mesh sheet and then covered with
a collagen sheet material (CollaTape;
Zimmer Biomet, INUS) (Fig. 4C). The
mucoperiosteum was then sutured.
Therewere no postoperative issueswith
the wound site.

The SLM Ti mesh sheet was
removed 4months laterwhen the 3 dental
implants (Brånemark System MKⅢ
Groovy RP 3.75 3 11.5 mm,
MKⅢ Groovy RP 3.75 3 11.5 mm
MKⅢGroovy RP 3.753 10 mm; No-
bel Biocare) were embedded. There

Fig. 3. A, Postoperative image. Good esthetic condition of the mucosa was regained. B,
Postoperative dental radiographic image. One screw was used to retain the SLM Ti mesh. C
and D, Preoperative and postoperative CT images; the bone defect was improved.

Fig. 4. A, Preoperative simulation based on the number of implants and embedding angles of
the dental implants. The design simulation was created from the preoperative CT images.
Bone augmentation using artificial bone and an autologous bone graft was planned as
a pretreatment before implant embedding at the site with the bone defect on the buccal side.
B and C, Adaptation of the SLM-prepared Ti mesh sheet to the bone defect was favorable. D,
Postoperative panoramic image; 1 screw was used to retain the SLM Ti mesh sheet.
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was some bone neoplasticity around
the edges of the Ti mesh sheet, but the
mesh was easily removed from the
augmented bone. There was adequate
bone morphology observed under the
Ti mesh sheet (Fig. 5, A and B). Good
bone regeneration was observed on
the buccal side 4 months postoperatively
on CT imaging (Fig. 5, C and D).

DISCUSSION

Bone augmentation is a method
aimed at increasing bone mass through
the use of artificial bone or an autolo-
gous bone graft to compensate for the
bone defect at sites where implants
cannot be inserted because of vertical
or horizontal bone resorption of the jaw
bone.14 The 3-dimensional space-
making device was secured over the
empty spaces in the compensated artifi-
cial or autologous bone grafts. The
device can be categorized into 2 catego-
ries: absorbent sheet and nonabsorbent
sheet; comparisons have shown that
nonabsorbent sheets composed of met-
als such as Ti are superior to absorbent
sheets composed of collagen because
of their ability to retain their 3-

dimensional morphology. However,
the task of applying and adapting a non-
absorbent metallic sheet to a wound de-
pends on the operator’s skill and
experience; lack of experience may
slow down the process and lead to
extended duration of the procedure.
Use of an SLM titaniummeshmay help
solve operator issues related to conven-
tional Ti mesh sheet.

In the 2 case reports, SLM of the Ti
mesh sheet resulted in dramatically
superior form fitting of the alveolar
bone defect area. The SLM Ti mesh
sheet fit well to the surrounding tissue
immediately after implantation, and
there was a complete absence of post-
operative inflammation. In conven-
tional surgery with Ti mesh, multiple
pins are required to fix it in place. By
contrast, we found that the SLM Ti
mesh sheet was extremely stable after
being passively fitted to the alveolar
bone, and only 1 pin was required to
fully fix the mesh in place. Sumida
et al15 reported that the average number
of screws used to maintain the space-
making device was 1.31 for the
custom-made Ti mesh sheet group and
3.23 for a conventional Ti mesh sheet

group; this difference was statistically
significant. The stiffness of the Ti mesh
sheetmay result inmechanical irritation
of the mucosal flaps,16 with a subse-
quent risk of flap rupture.When design-
ing the Ti mesh sheet onscreen from the
CT scan data, it is necessary to also
envision the placement of the mucosal
incision and sutures. If the Ti mesh
sheet is too large, there is a risk that
the mucosal flap may rupture at the
weak points of the mucosa, such as the
suture line; therefore, if the mucosal
flap is expected to be thin, it is necessary
to design the implant to ensure that the
mucosal suture line does not sit directly
above the Ti mesh sheet. Furthermore,
in conventional surgery, cutting, trim-
ming, and bending of the conventional
Ti mesh sheet can result in sharp edges,
which may cause mucosal rupture.17

With our SLM Ti mesh sheet method,
there was no need for intraoperative
manipulation of the Timesh sheet; thus,
the SLM Ti mesh sheet may be associ-
ated with less risk of mucosal rupture
than is conventional Ti mesh sheet.

Recently, computer-assisted tech-
nologies (computer-aided design/
computer-aided manufacturing) using
CT images have made remarkable ad-
vances and have also contributed to
developments in the fields of maxillo-
facial reconstruction18 and dental im-
plants.19,20 With the 3-dimensional
model construction device EOSINT M
270, the pure titanium powder layer
(which is paved on the molding table)
is sintered andmelted using a laser beam.
Apure titanium structure of any complex
shape can be molded by adding a 30-mm
layer in the direction of the vertical axis
each time a layer is sintered and melted
throughout the additive manufacturing
process.21,22 However, a slight dimen-
sional error is likely to occur between
the original data in the computer and
the Ti mesh sheet generated using lay-
ered manufacturing. According to
a report published by Otawa et al,23

dimension errors found in the vertical
direction (namely in the laminationdirec-
tion) are believed to be greater than those
found in the horizontal axis direction, but
the average error is 139mmand poses no
issue when used for bone augmentation.

Customarily, the Ti mesh sheet
used for bone augmentation in dental

Fig. 5. A and B, The SLM Ti mesh sheet was removed 4 months after surgery. There was
adequate bone morphology observed under the SLM Ti mesh sheet. The sheet was easily
removed. C and D, Preoperative and postoperative CT images; the bone defect was suffi-
ciently improved. Sufficient recovery of the bone defect was achieved and allowed for
embedding of the implant.
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implants is removed after the bone
augmentation is complete. However,
removal of the mesh may create prob-
lems, such as reduction in gingival
volume, removal of bone when a large
amount of bone has been added to the Ti
mesh sheet, and/or creation of a larger
incision to remove the Ti mesh sheet.
Considering the high degree of Ti bio-
compatibility, Ti mesh sheet could also
be an option for deployment as a type of
artificial bone embedded in the body
after it has been used for space creation
in bone regeneration. Given that Ti
artificial knee joints24 and Ti brain
artery clips25 are embedded in the body,
expanding the use of Ti mesh from sup-
plementary use as a bone defect space
creation sheet to free-form artificial
bone material embedded in the body is
a logical next step. In a number of cases,
Timesh sheet has been left embedded in
the body (with consent from the patient)
and has served to retain the esthetic
appearance of the gingiva surrounding
the front teeth.We are, therefore, inves-
tigating the application of laminate-
molded Ti mesh sheet as embedded
artificial bone in a wide range of man-
dibular and maxillary bone defects.
Bone regeneration from residual bone
can be expectedwhen there is a compar-
atively small area of bone loss. How-
ever, when there is significant bone
loss, concurrent use of artificial or
autologous bone is essential. Ti has
a high degree of biological affinity
and, although bone synostosis occurs
when it is in direct contact with the
bone, adequate bone formation cannot
be expected if there is a gap between the
Ti and the bone.Various treatments12,26

have been proposed and applied in clin-
ical practice to increase the bone-
binding capability of the Ti surface
when in direct contact with the bone.

CONCLUSION

Our study demonstrated the utility
of bone augmentation using SLM tita-
nium mesh sheet. SLM allows for
molding a 3-dimensional shape that is
ideal for the alveolar bone; it can also
shorten surgery time and reduce the risk
of postoperative infection. The SLM Ti
mesh sheet protocol can be applied to
various types of bone defects. SLM of

the Ti mesh sheet should be considered
as a new bone augmentation method.
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