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Abstract

Purpose: It can be extremely challenging to re-
place a hopeless tooth in the maxillary central inci-
sor area with an implant restoration, especially
when the bony housing of the tooth is severely
damaged. This condition is frequently found in
teeth that have been severely traumatized in child-
hood. To avoid their extraction, these teeth might
have been exposed to multiple compromised
treatments and repeated traumatic injuries. When
skeletal changes cease and implant therapy be-
comes an option, the surgeon may often find only
remnants of the socket walls. This imposes difficul-
ty when regenerating the missing tissues required
for long-term functional and esthetic implant res-
toration. This article describes the unique anatom-
ical, biological, and surgical considerations in the
treatment of such a case.

Materials and methods: In the reconstruction of a
safe bony housing around the implant, obliteration
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of the incisive canal was followed by the use of
bovine bone mineral (BBM) and titanium mesh- (Ti-
mesh) layered with a crosslinked collagen mem-
brane. The soft tissue was augmented with a xeno-
geneic soft tissue matrix and further enhanced by a
novel technique, the radial cuts technique.’
Results: Functional and esthetic implant restor-
ation was successfully achieved. Follow-up of the
patient took place for 2 years post-implant loading
and 3 years post-ridge augmentation, after which
the stability of the implant and surrounding tissue
was demonstrated.

Conclusion: Enhanced functional and esthetic re-
sults may be achieved when BBM and Ti-mesh lay-
ered with a soft collagen membrane are utilized as
augmentation materials in the esthetic zone. The
key factors for success in this case were combining
the advantages of the different materials with a
carefully considered sequence of procedures.

(Int J Esthet Dent 2019;14:182-197)
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Introduction

The replacement of a missing maxillary inci-
sor with an implant restoration is a routine
dental procedure.! Functional and esthetic
results may be predictably achieved when
both bone and soft tissue foundations are
guaranteed around the implant restoration.?*

During implant placement, a three-di-
mensional ridge augmentation (3-DRA) pro-
cedure could be indicated for limited bone
height. Various technigues and materials
have been attempted for this procedure, in-
cluding distraction osteogenesis,® particu-
late or block bone grafts,®” bone grafts in
combination with membranes,® and rhB-
MP-2 in combination with membranes®© or
without them ! The autogenous bone graft
is considered the gold standard® but has
limited use due to the amount of bone avail-
able and the associated morbidity. Bovine
bone mineral (BBM) has been widely used
for sinus augmentation,”®* socket preserva-
tion,* immediate implant surgery,** and hor-
izontal and vertical ridge augmentation.® Its
advantages include high osteoconductivi-
ty,” the ability to prevent ridge contraction,*
and the association with a low failure rate of
osseointegration.’® Guided bone regenera-
tion is a technique proposed for bone aug-
mentation that uses a barrier membrane for
space creation and maintenance In a
3-DRA procedure, titanium-reinforced ex-
panded/nonexpanded polytetrafluoroeth-
ylene (ePTFE/PTFE) membrane is frequently
used, mainly due to its effectiveness for
space maintenance.?%?* Nevertheless, mem-
brane exposure with subsequent infection
remains a major challenge for the ePTFE/
PTFE material because of its impermeability.
A better material for 3-DRA is porous titani-
um mesh (Ti-mesh), which not only allows
for better space maintenance but often re-
sists infection even when exposed.'02225

A study on the effect of overlaying Ti-
mesh with collagen membrane for ridge
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augmentation demonstrated the ability to
completely prevent early or late exposure of
the Ti-mesh.?

The purpose of this case report was to
demonstrate the use of BBM and Ti-mesh
overlayered with crosslinked collagen mem-
brane for ridge augmentation and implant
placement in the maxillary central incisor
area, with a 2-year follow-up post-implant
loading, and a 3-year follow-up post-aug-
mentation.

Case report
Clinical examination

An 18-year-old male soldier presented to
the clinic with an unstable temporary crown
and an abutment weakly connected to a se-
verely decayed root at tooth 11, surrounded
by chronic gingival inflammation. The tooth
had been previously traumatized when the
patient was 12 years old. Since then, several
root canal treatments and provisional res-
torations had been performed in an attempt
to retain the tooth in place until adulthood.
Radiographic examination revealed an api-
cally resorbed root with a wide root canal
filling and apical radiolucency. Radiopaque
spots, suggestive of remnants of root canal
filler materials, were found near the nasal
floor (Fig 1).

Treatment strategy

The patient’s natural dentition was perfectly
healthy and required no therapy except for
the traumatized tooth and its surrounding
inflamed gingiva. Implant restoration was an
obvious reconstructive solution. However,
because of the patient’s military service ob-
ligations, it was decided to perform the
treatment objectives in three main stages:
1) immediate tooth extraction to prevent
further damage to the site; 2) ridge aug-
mentation as soon as the patient’'s military



service restrictions would allow (which be-
came possible only 2 years postextraction
when he was 20 years old); and 3) implant
placement when radiographic examinations
indicated the cessation of skeletal growth
(which was evident at age 21).

Surgical therapy

Tooth extraction

A wide full-thickness flap was elevated to
maximize access for the complete removal
of the granulation tissue and deeply located
and possibly contaminated remnants of
root canal filler materials associated with
tooth 11. After full-thickness flap elevation,
the tooth was removed, revealing an ex-
traction socket with a destructed buccal
plate that was thoroughly curetted (Fig 2a).
However, despite improved accessibility,
the remnants of the root canal filler seemed
to be well embedded in the bone. A deci-
sion was made not to attempt its removal,
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Figl (a) At
presentation, an
unstable provisional
crown at the
maxillary right incisor
is surrounded by
chronically inflamed
gingiva. (b) The
maxillary right incisor
root is severely
decayed and
nonrestorable.

(c) Radiograph
showing a wide canal
filling with apical and
cervical radiolucency
and radiopaque spots
close to the nasal
floor.

Fig2 (a) Upon
extraction of the
maxillary right incisor,
the extraction socket
is fully debrided. Note
the full resorption of
the buccal bone.

(b) The buccal
full-thickness flap is
placed back in the
original position and
sutured with 6-0
polyamide sutures.
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Fig 3 (a) At 2 years postextraction, an almost normal gingival contour is
observed from the buccal view. (b) Occlusal view shows moderate horizontal
ridge resorption.

Fig4 Periapical radio- Fig5 CT scan shows the close proximity of the
graph shows postex- implant site to a wide incisive canal.

traction slight radiopacity

suggesting the presence of

a thin ridge with poor or

immature bone quality.
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which might have caused unnecessary fur-
ther destruction to the bone. As planned, no
regenerative therapy was implemented, and
the flap was replaced and sutured with in-
terrupted simple 6-0 polyamide sutures
(Ethicon; Johnson & Johnson) (Fig 2b). The
patient received an Essix retainer filled with
composite at the missing tooth that served
as an immediate detachable restoration.

The 2-year postextraction clinical exam-
ination revealed a combined vertical and
horizontal ridge defect at the maxillary right
central tooth site (Fig 3), with otherwise
healthy dentition.

Radiographic examination (Fig 4) showed
increased radiopacity in the socket; how-
ever, there was marked radiolucency in the
coronal third section. Remnants of root ca-
nal filling material could be seen close to
the nasal floor. Computed tomography (CT)
scans of the maxillary anterior area revealed
a relatively narrow ridge due to buccal bone
resorption and the presence of a wide naso-
palatine canal, with its foramen located 4 to
5 mm apical of the alveolar crest (Fig 5).

Chairside preparation of the Ti-mesh

A stereolithic jaw model (Guide-3D; Object)
was prepared to allow for a three-dimen-
sional (3D) visualization of the defect anato-
my and to serve as a working model for the
presurgical preparation of a Ti-mesh (Biom-
et). An 0.2-mm thick Ti-mesh (pore size
1.5 mm) was prepared to cover the defect
and to create the space required for the
grafted bone. On the buccal aspect, the
mesh was extended sufficiently both apical-
ly and laterally to allow for the containment
of all the grafted bone particles filling the
ridge defect as well as to avoid injury to the
neighboring roots with the fixation screws.
Palatally, the mesh was extended well be-
yond the incisive canal foramen. This al-
lowed for the stabilization of the bone to be
grafted onto the palatal aspect and inside
the incisive canal. Gaps of 2 to 3 mm from
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Fig 6 (a) A Ti-mesh is prepared on the 3D-printed acrylic model. It is extended for convenient fixation with screws placed remotely away from
the neighboring roots. (b) Palatally, the Ti-mesh extends beyond the incisive canal opening, with its margins 2 to 3 mm distant from the roots.

Fig 7 (a) Buccal view reveals moderate vertical bone resorption of the residual ridge at the maxillary right incisor site. (b) Occlusal view
reveals moderate-to-advanced bone resorption at the maxillary right incisor area involving the incisive canal. Note the complete removal of
incisive canal content.

Fig 8 (a) Ti-mesh is placed to cover the defect, demonstrating the 3D ridge defect. (b) Ti-mesh covers the lingual part of the bone defect
together with the nasopalatine canal opening.
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the coronal (buccal and palatal) margins of
the mesh, and 1.5 to 2 mm from the inter-
proximal edges of the mesh to the neigh-
boring roots, were meticulously maintained
in order to provide the necessary space to
reestablish the connective tissue attach-
ment and thus a biologically stable marginal
seal against bacterial contamination. These
gaps would also allow full flap coverage
over the mesh, thereby lowering the risk of
its early clinical exposure (Fig 6).

Ridge augmentation

Sulcular incisions were made both buccally
and palatally from the right to the left ca-
nine, with papillary sparing and a crestal in-
cision on the buccal slope over site 11. Distal
line-angle vertical releasing incisions on the
right and left canines allowed for proper vi-
sualization of and access to the osseous de-
fect.

Full-thickness buccal and palatal flaps
were elevated, revealing a large 3D defect
extending to the nasopalatine canal. The
area of the previous extraction socket and
the incisive canal content were thoroughly
curetted and debrided of all fibrous tissue
remnants (Fig 7). A deep vestibular perioste-
al release was completed to provide flap
mobility and to ensure tension-free suturing
over the regeneration site. The pre-prepared
mesh was examined in situ to ensure its ex-
act preplanned position. Only minor addi-
tional trimming and bending of the mesh
were necessary (Fig 8). BBM particles (Cer-
abone; Botiss) were placed to adequately fill
the ridge defect. The Ti-mesh was adapted
and fixed to the bone using three fixation
screws (Biomet) (Fig 9). A resorbable cross-
linked collagen membrane (Ossix Plus; Da-
tum Dental) was placed in two to three lay-
ers to cover the entire mesh. Care was taken
to retain its margins 1 to 2 mm away from
the roots to prevent interference with the
reestablishment of connective tissue at-
tachment to the roots. The created gaps be-
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tween the Ti-mesh and the layering colla-
gen membrane and the roots could also
serve as pathways for periosteal progenitor
cells and blood supply to contribute bone-
forming cells and essential nutrients to the
regenerative process taking place at the
most superficial bone graft layer immediate-
ly under the Ti-mesh (Fig 10). The surgical
site was sutured with a combination of 5-0
d-PTFE horizontal and vertical mattress
(Golnit) and 6-0 polyamide (Ethicon) sim-
ple interrupted sutures (Fig 11). This combi-
nation of suture materials enabled close
adaptation of the flaps and interproximal
papillae during the early healing phase.
Postoperative care was then reviewed with
the patient.

Healing was uneventful, with complete
soft tissue coverage of the entire augment-
ed area. However, at 9 months postsurgery
the ridge had not regained the complete
root convexity configuration (Fig12). CT
scanning revealed no signs of slight vertical
or horizontal bone resorption. Supracrestal
measurement showed a vertical bone gain
of 8 mm. Horizontal bone gain measure-
ments were recorded at the original crestal
height (11 mm), and at the newly regenerat-
ed crestal height (7 mm). Using Msoft soft-
ware (Swissmeda), a 13-mm long and 4.1-
mm wide implant was planned for the left
incisor site (Fig 13).

Implant placement and soft tissue
augmentation

Full-thickness buccal and palatal flaps were
elevated using a sharp periosteal elevator to
gently expose the regenerated area. The col-
lagen membrane that presented in its entire-
ty was removed to immediately expose the
tightly fixated mesh (Fig 14). A blunt perios-
teal elevator was used to easily lift the mesh
from the regenerated bone. Attached to the
mesh was very thin transparent soft tissue.
Except for a few free bone particles on the
most coronal part of the augmented area,
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Fig9 Bone substitute is placed under the Ti-mesh, which is fixated Fig10 Three overlapping layers of the resorbable membrane are
to the recipient bone. Note the edges of the mesh are approximate- placed to fully cover the Ti-mesh. Note the membrane edges are
ly 1 to 2 mm away from the root surfaces. 1to 3 mm away from the root surfaces.

Fig11 The buccal flap is advanced and sutured to the palatal flap Fig12 At 9-months post-regenerative procedure there is unevent-
to fully cover the regenerating site without tension. ful healing with no inflammation detected.

Fig 13 CT scan shows the image of the planned implant at the
augmented site. Note the supracrestal bone gain of 11 mm at the

presurgical crestal height and 7 mm at the newly formed height.
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Fig 14 (a) Buccal view showing the exposed Ti-mesh. (b) Occlusal view showing
the exposed Ti-mesh.

Fig 15 Upon removal of the Ti-mesh, a newly formed wide and high ridge is shown.
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the exposed bone graft showed a stable
and sound structure with adequate 3D to-
pography suitable for ideal implant position-
ing (Fig 15). After slight osteoplasty to create
a wider crestal table and to obtain the ridge
scalloping contour, a 4-mm wide and 13-
mm long (ZimmerBiomet) implant was
placed using an insertion torque lower than
30 Ncm (Fig 16). To improve the soft tissue
profiles of the ridge, a xenogeneic soft tis-
sue substitute (Mucoderm; Botiss) was
placed at the implant site, fully submerged
under the everted and sutured mucosal
flaps (Fig 17).

Implant exposure and transmucosal
profiles development

After 3 months, a slight but significant im-
provement of the soft tissue volume was
noted (Fig 18). The implant was exposed us-
ing a crestal incision across the ridge, and a
healing abutment was connected, slightly
pushing the buccal flap labially. After 1
month, the healing abutment was removed
and a novel technique (the radial cuts tech-
nigue’ —presented by the author to the Is-
raeli Periodontal and Osseointegration Soci-
ety Annual Meeting in Tel Aviv, Israel, in
February 2017) using short incisional cuts
around the created soft tissue sleeve was
made to facilitate the complete seating of
the screw-retained provisional crown on
the implant (Fig 19).

Final restoration

After 2 months, with the periimplant trans-
mucosal tissue having completed matura-
tion, a screw-retained fixed porcelain-lay-
ered zirconia crown was connected to the
implant. The immediate clinical appearance
of the maxillary anterior dentition showed a
well-integrated final crown surrounded by
nicely contoured periimplant soft tissue
(Fig 20). Radiographically, the implant sur-
faces appeared to be in close contact with
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Fig 16 (a) The newly regenerated buccal bone is slightly reduced to achieve the desired scalloped marginal crestal contour, and the implant
is placed level with the bone crest. (b) Occlusal-buccal view shows the implant well situated in the regenerated ridge.

Fig 17 (a) A xenogenic soft tissue substitute is placed to further augment the ridge. (b) Complete flap closure over the implant and soft
tissue graft.

Fig 18 Healing at 3 months post-implant placement. Note the slight but significant soft tissue gain.
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Fig19 (a) A transitional acrylic crown with slightly wider profiles
than the transmucosal profiles is unable to sit on and connect to the
implant. (b) In a circular manner around the soft tissue sleeve, short
incisional cuts traversing from the outer surface to the implant head
(‘'radial cuts technique’) are made to facilitate the seating and
connecting of the provisional crown to the implant. (c) The

provisional crown is fully seated and connected to the implant.

Fig 20 (a) Occlusal view shows ultimate prosthetically designed
transmucosal tissue profiles with a healthy appearance. (b) Final
zirconia crown presents concave emergence profiles. (c) Frontal
view shows the final crown situated in a well-contoured and healthy

soft tissue housing.
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the surrounding regenerated bone. Howev-
er, a loose bony appearance was noted,
with remnants of an old root canal filler ma-
terial apical to the implant apex (Fig 21).

Maintenance therapy and follow-up

The patient was instructed to practice tooth
cleansing with a soft toothbrush and un-
waxed dental floss twice daily. Supportive
periodontal and periimplant treatment in-
cluded strict 3-month-interval hygienic ses-
sions and yearly clinical and radiographic
examinations with special attention to the
implant restoration.

Clinical and radiographic examinations,
including CT scans, revealed functional and
esthetic stability with increasing apical radio-
density 3-years post-ridge augmentation
(Fig 22).

Discussion

Numerous studies and case reports show
the successful use of Ti-mesh for implant
site development in the treatment of se-
verely atrophied ridges.9?*% Most studies
use Ti-mesh combined with autogenous
bone as the only material or part of the
grafting material for vertical ridge augmen-
tation (VRA).225223136 Although considered
the gold standard, autogenous bone is as-
sociated with increased patient morbidity

Fig 22 (a) After 3 years, the clinical picture demon-
strates stable tissue profiles. (b) At the 3-year follow-up,
the radiographic view shows solid stable bone profiles.
Note the advanced calcification of the previously
inflamed periapical area. (c) At the 3-year follow-up, the
CT scan shows the full representation of the regenerat-
ed buccal bone with stable bony profiles buccally and
palatally of the implant.
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Fig 21 Radiograph
at completion of
treatment shows
well-integrated
implant with a solid
presence of
regenerated crestal
bone. Note the loose
bony appearance
and the remnants of
old root canal
treatment apical of
the implant.
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and extended surgical time due to graft har-
vesting. The present case is one of the few
clinical reports that used xenograft and
Ti-mesh for VRA 22 Xenograft was used since
it possesses osteoconductive properties,”
eliminates a second surgical donor site, and
minimizes postoperative ridge contrac-
tion.’® However, xenograft is a slow, almost
non-resorbing material that may not have
the capacity to osseointegrate and resist in-
flammatory processes as effectively as graft-
ed allogenous or autogenous bone. There-
fore, its long-term success, especially in
VRA, should be further investigated.

It is commonly recognized that the ben-
efits of Ti-mesh include easy handling and
shaping, biocompatibility, and excellent me-
chanical properties for rigid stabilization of
the graft material. This allows excellent inte-
gration of the bone graft into the recipient
site, and enables successful treatment of all
types and sizes of large 3D bony defects.®”
However, although Ti-mesh is stable and
well-adapted to the bone-grafted defect,
exposure after soft tissue dehiscence rang-
es from 10.5% to 80% in studies with
7 to 24 participating patients 233132.343538.39
Clinicians report that if exposure of the
mesh occurs after an initial 2 to 6 weeks of
healing, the soft tissue dehiscences are gen-
erally well tolerated, and apparently do not
have a neqgative influence on implant place-
ment 2324313539 Notwithstanding, soft tissue
loss may have a significant negative impact
on the soft tissue contours. In particular, the
maxillary anterior areas may exhibit poor es-
thetic outcomes. Therefore, it is mandatory
to smooth all sharp mesh edges with a
round diamond bur to minimize the occur-
rence of early or late mesh exposure. It has
also been suggested to layer the mesh with
either platelet-rich plasma "paste™® or with a
resorbable collagen membrane.® In the
present case, a cross-linked collagen mem-
brane was used, which evidently, if not ex-
posed to the oral cavity, may remain intact
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for at least 6 months.* It is believed that the
smooth outer membrane surface prevents
potential injury to the covering soft tissue,
thus minimizing its potential exposure. Ad-
ditionally, covering the porous mesh with a
cell occlusive membrane (ie, implementing
the well-proven biological principle of guid-
ed tissue regeneration)®#* may facilitate
bone ingrowth originating from the recip-
ient jaw bone. Progenitor cells and blood
supply that originate from the periosteum
may still invade the regenerating bone via
the gaps remaining between the membrane
and the roots. This may contribute to bone
regeneration, especially in the grafted layer
immediately under the Ti-mesh, which
could be crucial mainly in large bone de-
fects where the distant part of the grafted
bone might be more than 3 mm away from
the native bone. In this respect, a mem-
brane that is cell occlusive to fibroblasts but
not to mesenchymal stem cells and that
does not block flap-originated blood supply
might function superiorly. An additional ad-
vantage of using a collagen membrane is
that it prevents flap tissue from interweaving
in the porous mesh and connecting to the
bone. Thus, mesh separation and retrieval
from the bone becomes convenient and
rapid.

In their study of 17 patients using Ti-
mesh (50% autogenous bone, 50% BBM),
Proussaefs and Lozada* measured 2.56 +
132 mm and 375+ 1.33mm vertical and
horizontal reconstruction, respectively. When
only vertical height changes using Ti-mesh
(and autogenous bone blocks) were mea-
sured in 18 patients, Roccuzzo et al** found
a mean of 4.8 mm (range 4 to 7 mm) in ver-
tical bone augmentation. In 16 patients,
371+ 124 mmand 4.16 + 0.59 mm in verti-
cal and horizontal change, respectively, us-
ing Ti-mesh (705 autogenous, 30% BBM)
was measured by Pieri et al.** In 24 patients,
Corinaldesi et al*® measured a vertical bone
gain of 8.6 + 4.0 mm using Ti-mesh and au-



togenous bone mixed either with 1:1 or 4:1
BBM and recombinant human platelet-de-
rived growth factor BB. In a recent case re-
port, Levine and McAllister’” measured

7 mm horizontal bone gain using Ti-mesh

and a cellular allograft containing adult

mesenchymal stem cells.

A mean vertical gain (using various bone
grafting materials) of 2.56 to 6 mm is pro-
vided with the Ti-mesh technique.®” Excep-
tional vertical gain of 8.6 mm was reported
by Funato et al,*® and 13.7 mm by Louis et
al**> The reported mean horizontal bone
gain using the Ti-mesh technique is approx-
imately 4 mm. However, Levine and McAl-
lister’” reported a pronounced gain of 7 mm.

With this data, the vertical bone gain of
8 mm, together with the maximal horizon-
tal gain of 11 mm reported in the present
case using Ti-mesh and BBM, may be con-
sidered in the high range. The author be-
lieves that achieving this distinct 3D bone
gain that proved stable over 3 years may be
mainly attributed to the following factors:

1. Obliteration of the nasopalatine canal (an
anatomic obstacle to regeneration). 444

2. Use of a slow, resorbable, and dimen-
sionally stable bone substitute (BBM) as a
grafting material.

3. Use of Ti-mesh as an easily designed sol-
id space maintainer and wound stabilizer.

4. Use of a slow, resorbable membrane as a
guided tissue regeneration material.

5. Allowing flap blood supply and periosteal
progenitor cell participation in the pe-
riphery of the regenerating bone.

6. Maintaining complete soft tissue coverage
during the relatively prolonged 9-month
regenerative process.

Since there is no miraculous material or
procedure that ‘does it all,” the author strong-
ly believes that by recognizing and combin-

ing the advantages of different available ma-
terials and methods, substantial bone gain
can be achieved that will serve as a solid,
long-lasting foundation for an esthetic out-
come.

Conclusion

As with every successful 3D regeneration of
the implant’'s ‘bony housing’ in the esthetic
zone, it is mandatory to augment the soft
tissue to ensure the buildup of a 'soft tissue
housing” with high functional and esthetic
gualities. In this case, it was decided to aug-
ment the ridge with xenogenic soft tissue
substitute at the time of implant placement.
This resulted in layering the bone with abun-
dant soft tissue at the buccal and inter-
proximal aspects where it is functionally and
esthetically needed. Therefore, except for
punching out the covering mucosa, Nno
complex flap manipulations or additional
soft tissue grafting were necessary at the
time of implant exposure. Only minor tissue
cuts (as described) were made on connect-
ing the transitional screw-retained crown to
the implant. These cuts facilitated crown
placement and the establishment of the
final desired functional and esthetic trans-
mucosal profiles.

Finally, the treatment concept as de-
scribed in this article combines technique-
sensitive hard and soft tissue augmentation
procedures. Further investigation is required
to prove its predictive efficacy in gaining im-
mediate as well as long-term successful re-
sults.
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