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ABSTRACT

Aim: The present work describes a horizontal r idge 
augmentation in which a titanium mesh was preshaped by 
adapting it to a stereolithographic model of the patient’s jaw 
that was fabricated from CT scans. 

Background: Guided bone regeneration (GBR) involves cover-
ing the augmentation site with a long-lasting barrier to protect it 
from the invasion of surrounding soft tissues. Among barriers, 
titanium meshes may provide a successful outcome, but the 
intraoperatory time needed to shape them is a disadvantage. 

Case description: The 54-year-old patient, missing the right 
mandibular second bicuspid, first molar, and second molar, 
had her atrophic ridge augmented with a 30:70 mixture of 
autogenous bone and equine, enzyme-deantigenic collagen-
preserved bone substitute. Two conical implants were inserted 
concomitantly in the second bicuspid and first molar positions, 
and the site was protected with the preshaped mesh. Four 
months later, the titanium mesh was retrieved, a bone sample 
was collected, and histological and histomorphometric analyses 
were performed. Provisional and definitive prostheses were 
then delivered, and follow-up controls were performed for up 
to 24 months. 

Conclusion: Preshaping the mesh on a model of the patient’s 
mandible shortened the surgical time and enabled faster mesh 
placement. Two years after surgery, the implants were perfectly 
functional, and the bone width was stable over time as shown by 
radiographic controls. Histological analysis of the bone sample 
showed the heterologous biomaterial to be biocompatible and 
undergoing advanced remodeling and replacement with newly 
formed bone. 

Clinical significance: Preshaping a titanium mesh over a 
stereolithographic model of the patient’s jaw allowed for a 
significant reduction of the intraoperative time and may be 
therefore, advisable in routine practice.
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INTRODUCTION

Prosthetic-driven implantology requires planning the 
patient rehabilitation in advance, designing the optimal 
patient’s functional and esthetic rehabilitation with 
specialized software programs, determining where imp-
lants will be placed. Though, patients requesting pros-
thetic rehabilitation usually have partially or even totally 
atrophic bone ridges1,2 calling for bone augmentation to 
allow placing implants in accordance to the predefined 
rehabilitation plan. Vertical or horizontal ridge augmenta-
tion techniques include bone distraction, inlay and onlay 
bone grafting, inferior alveolar nerve transposition, and 
guided bone regeneration (GBR) techniques.3

The GBR procedure requires a barrier to be interposed 
between the regenerating site and the surrounding soft 
tissues.4-5 This prevents fast-duplicating connective and 
epithelial cells from colonizing the regenerating site, 
facilitating site colonization by osteoprogenitor cells. 
Barriers must be able to block soft tissue cells and, at the 
same time, display a certain rigidity to avoid collapsing 
into the volume they are protecting. Rigid or semi-rigid 
barriers also isolate the regenerating site from mechanical 
stresses that could disturb the first pro-osteogenic events.

Many barriers have been extensively studied, includ-
ing membranes made of polytetrafluoroethylene (PTFE); 
expanded PTFE (ePTFE); collagen; poly (lactic acid), 
poly (glycolic acid), and their copolymers; and titanium 
meshes.6-9 Titanium meshes have been used with success 
in clinical practice10-14 and display both advantages and 
disadvantages.15 They provide a thorough tenting effect, 
thanks to their rigidity and, being moldable, can be easily 
given the shape needed to cover the defect under treat-
ment. Moreover, they maintain their shape over time. Yet 
they must be removed, are not resorbable, and require 
time-consuming shaping that is ordinarily performed 
after flap elevation in order to test the best fit of the mesh 
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on the defect. This increases both the surgical time, and 
the risk of complications for the patient. 

Titanium meshes have been used in conjunction with 
graft materials providing a more efficient scaffold than 
the blood clot to support cells and vessels.16,17 Autogenous 
bone has always been regarded as the gold standard for 
bone regeneration techniques, including GBR, since it 
provides progenitor and differentiated cells and growth 
factors.18 Its collection, though, always requires a second 
intra- or extra-oral surgical site exposing the patient to 
increased surgical risk and morbidity. Autogenous bone 
availability is limited, and often partial graft resorption 
is observed.19-21 Alternative materials have been subse-
quently tested, ranging from allogeneic bone to synthetic 
bone substitutes to xenografts.

Allogeneic bone availability, and its safe use, depend 
on proper tissue banking,22-24 and effective donor 
screening.25,26 Xenografts shows, theoretically, unlimited 
availability, and may represent an optimal alternative 
scaffold since bone tissue does not differ significantly 
among mammals as far as the mineral component compo-
sition and tridimensional structure are concerned. Bovine 
deproteinized bone has achieved satisfying results27-31 in 
the treatment of atrophic ridges and in conjunction with 
titanium meshes.16,17 However, although it shows good 
osteoconductive properties it still may have a low resorp- 
tion capacity,32 possibly due to the high-temperature 
process it undergoes to virtually eliminate all its protein 
content.33

An alternative xenograft is an enzyme-deantigenic 
form of equine bone. The enzymatic cleaning process 
preserves the type I bone collagen component in its 
native state, and this should enable improved bone 
regeneration, given the well-known biological properties 
of collagen.34-41 When osteoclasts were cultured over such 
equine bone substitutes,42 their adhesion and activity 
was significantly higher than that found for osteoclasts 

grown over deproteinized bovine bone.43 Moreover, 
sites augmented with equine bone alone or with a 
combination of equine and autogenous bone showed  
no differences as far as the expression of biochemical 
markers of bone regeneration was concerned.44 Enzyme-
deantigenic equine bone has already been used in clinical 
practice as a scaffold in bone regeneration of different 
bone defects45-49 and has been applied in orthopedic 
regenerative surgery.50

Digital modeling and three-dimensional (3D) print-
ing of the arches based on CT or CBCT scans allows for 
creation of life-size models of the jaw under treatment. 
The following case report presents the use of the GBR 
technique to restore a horizontally atrophic lower jaw. A 
titanium grid was preshaped over a model of the defect 
and then sterilized. Two conical, root-form implants (the 
recommended choice for low-density bone sites)51,52 were 
placed, and the periimplant bone defect was filled with 
a mixture of autogenous bone and heterologous equine-
derived graft material. The site was then covered with 
the previously shaped titanium mesh.

Case Description

The patient was a nonsmoking 54-year-old woman with 
a non-contributory medical history who presented with 
a missing right mandibular second bicuspid and first and 
second molar (Fig. 1). She was seeking an implant-sup-
ported restoration to improve her masticatory function. 
Clinical and radiographic examination revealed a severe 
horizontal defect of the corresponding alveolar ridge 
(Figs 1 and 2). A treatment plan was developed calling 
for a GBR procedure and simultaneous placement of two 
dental implants. The patient provided informed consent.

On the basis of cone beam computed tomography 
(CBCT) scans, a model of the upper ridge was created 
(Fig. 3A) and used as a template to preshape a titanium 
mesh (Titanguide, Prodent Italia, Pero, Italy) some days 

Fig. 1: Presurgical radiograph and intraoral appearance at clinical examination. The patient was missing her right mandibular 
second bicuspid, first molar, and second molar
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before the date of surgery (Figs 3B and C). The titanium 
mesh was then sterilized in an autoclave.

Antibiotic prophylaxis (amoxicillin/clavulanic acid, 
Augmentin, Glaxo-SmithKline, Verona, Italy), 2 g, 1 
hour before surgery and then every 12 hours for 7 to 
9 days, was initiated and the patient was directed to rinse 
with chlorhexidine 0.2% (Corsodyl, Glaxo-SmithKline). 
Nimesulide (Aulin, Roche, Milano, Italy) 100 mg also was 
administered, 1 hour before surgery and then twice a day 
for 5 days. Local anesthetic was administered by means of 
infiltration with 1% articaine with adrenaline 1:100000. A 
mid-crestal full-thickness incision was created within the 
keratinized mucosa of the edentulous ridge, extending it 

to the first bicuspid through an intrasulcular incision and 
performing two vertical incisions to prepare a trapezoidal 
mucoperiosteal flap. The flap was then elevated to expose 
the right posterior sector of the mandible (Fig. 4).

Two conical osseointegrated implants, 4.2 × 10 mm, 
(Prime, Prodent Italia, Pero, Italy) were placed in the 
second bicuspid and first molar positions (Figs 5 and 6), 
and the fit of the shaped titanium mesh was checked on 
the ridge (Fig. 7). The site was then prepared for bone 
augmentation with a bone scraper (Safescraper® Twist, 
Meta, Reggio Emilia, Italy) to initiate bleeding and col-
lect some autogenous bone. The autogenous bone was 
mixed with equine enzyme-deantigenated bone granules 

Fig. 2: Computed tomography scans showing the horizontal atrophy in the fourth quadrant

Figs 3A to C: Stereolithographic model of the ridge and titanium mesh, before and after being shaped on the model

Fig. 4: A flap was prepared and elevated Fig. 5: Implant-like pins in position
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(Osteoxenon® Mix Bone Granules, Bioteck, Arcugnano, 
Italy) in a 30:70 (autogenous:heterologous) ratio (Figs 8A 
and B). The mixture was then placed on the bone defect 
using the mesh itself as an aid (Fig. 9A). Cover screws were 
placed on the implants (Fig. 9B), and the preshaped titani-
um mesh was secured over the defect using 3 screws and 
1 pin (N1, Prodent Italia, Pero, Italy) (Fig. 9C).

The mucoperiostal flaps were tested for their ability to 
cover the augmented area passively. Complete flap closure 
was achieved using a non-resorbable suture (Monomyd 
4-0/5-0 Polyamide Monofilament Suture, Butterfly, Cave-

nago, Italy) (Figs 10A and B). The sutures were removed 
after 2 weeks, and the patient was then seen monthly.

Four months after implant placement, the antibiotic 
prophylaxis described above was repeated. The mesh 
was removed, revealing uneventful healing. The implants 
appeared partially submerged by newly formed bone, 
and the clinical appearance of the regenerated site was 
satisfactory (Figs 11A and B). No graft volume appeared 
to have been lost during the healing period. The implants 
were checked with a counter-torque test at 25 N cm and 
found to be stable.

Fig. 6: Dental implants after placement with their respective 
cover screws

Fig. 7: Adaptation of the preshaped mesh is checked

Figs 8A and B: Bone graft collection and preparation: autogenous bone is collected with a bone scraper (A) and mixed with the xenograft (B)

Figs 9A to C: Positioning of the mesh: the mesh is filled with the mixture of graft material (A) and then used to plaster the graft 
material on the ridge (B). Afterward the mesh is fixed with 3 screws and 1 pin (C)

A B C

A B



Danilo Alessio Di Stefano et al 

158

A bone sample was collected on the vestibular side 
of the regenerated site using a 3.2 mm external diameter 
trephine (Figs 12A and B). This biopsy was fixed in 4% 
formalin and decalcified for 21 days in a solution con-
taining sodium formiate 0.76 M and formic acid 1.6 M 
(Panreac Quimica, Barcelona, Spain). Subsequently, the 
sample was dehydrated in graded ethanol and embedded 
in paraffin. This procedure allowed for rapid infiltration 
of the tissue and the achievement of the desired softness 
for cutting with only minimal artifactual shrinking. 
It, thus, provided a tissue morphology that was repre-
sentative of the in vivo bone features. Five-micron-thick 
sections were cut, mounted on slides, and stained with 

hematoxylin-eosin. Morphometric measurements were 
performed on the digital photomicrograph of the sample 
at 10× magnification, using dedicated analytic software 
(ImageJ 1.33, National Institute of Health, Bethesda, USA). 
Measurements, performed on the whole slide, were used 
to calculate the ratio either of the newly formed bone or 
the residual biomaterial areas within the whole tissue 
sample. Ratios were expressed as percentages.

Histological analysis of the bone sample showed 
the presence of a large portion of bone tissue that could 
be identified as vital due to its affinity for the acid dye 
eosin. Vital newly formed bone and the residual graft 
particles were in close contact without interposing gaps. 

Figs 10A and B: Surgical seam: after checking that the flap has been properly released (A) and it is sutured (B)

Figs 11A and B: Second surgery: the mesh is retrieved (A) and the uneventful healing of the recipient site is checked (B)

Figs 12A and B: Biopsy collection. Using a trephine (A) and a bone sample is collected (B)

A B

A B
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Figs 14A to C: Provisional prosthesis rehabilitation: Healing abutments (A), soft tissue conditioning 
(B) and the provisional crowns (C) 

Fig. 13: Histological features of the bone sample collected 
4 months after grafting and implant placement (H&E stain at 3.5× 
magnification)

No inflammatory cell infiltration was observed (Fig. 13). 
Histomorphometric analysis provided the following 
measurements: newly formed bone 62.7 %; residual bone 
graft 11.1%; medullary spaces 26.2%. 

Forty-five days after the re-entry surgery, a provi-
sional restoration was delivered. Healing abutments 
and provisionally screwed crowns allowed for perfect 
conditioning of the soft tissue contours (Figs 14A to C). 
One month later, the definitive restoration was delivered, 
achieving final patient rehabilitation. The patient sub-
sequently also had her upper jaw rehabilitated (Fig. 15 
shows final rehabilitation of both jaws). The patient was 
recalled each year for the next 2 years for follow-up clini-
cal and radiographic controls.

The intraoral control radiographs showed consistent 
maintenance of periimplant bone levels around both 
implants (Figs 16A to C). At 24 months, implants may 
be regarded as successful, according to Albrektsson and 
Zarb’s criteria. Comparison of the CT scans obtained 
at the time of surgery and 24 months after grafting 
confirmed that the bone volume was being maintained 
overtime (Figs 16A to C). 

DISCUSSION

Bone atrophy is more common in the posterior than 
the anterior mandible, and it has a right-left symmetric 

distribution.53 Prosthetic-driven implantology calls for 
positioning implants in a preestablished position and 
direction to get the optimal functional and esthetic 
prosthetic result.54-56 On the other hand, severe bone 
defects can compromise adequate placement57,58 and 
make bone augmentation necessary. GBR procedures 
call for the use of long-lasting membranes to isolate 
the clot at the regenerating site and facilitate the initial 
bone-regenerative events, protecting the site from the 
invasion of cells from the surrounding soft tissues.4,59 
GBR techniques show a high degree of predictability, 
provided proper flap closure and long-lasting protective 
barriers are used.4-9 Protective barriers, moreover, must 
not collapse into the regenerating site, while allowing for 
the exchange of oxygen and nutrients between the site 
and the covering periosteum. 

Titanium meshes fulfill the requirements of rigidity 
associated with a high degree of pliability. They can be 
easily shaped to fit the site and give the desired shape 
to the regenerating bone volume. Titanium meshes have 
been shown to provide excellent and predictable results 
when applied in conjunction with autogenous bone13,14 or 
deproteinized bovine bone.12,16,17 Other grafting materials 
have been less extensively used in association with 
meshes.15 Equine-derived bone grafting materials have 
only recently been introduced into clinical practice. They 
show promising results provided the deantigenation 
treatment allows for bone collagen preservation and does 
not alter the remodeling kinetics of the graft, leading to 
new bone formation in a physiologic time span.44-50

In the present case, a mixture of equine-derived 
collagen-preserved material and autogenous bone pro-
vided effective bone regeneration. The histological tests 
showed the graft to be completely biocompatible, with 
no inflammatory cell infiltration and residual graft par-
ticles in contact with the newly formed bone. The extent 
of remodeling at 4 months was quite high (62.7%) but 
in line with other reports demonstrating that the extent 
of regeneration, microvessel density, and expression of 
bone-regeneration biochemical markers were indistin-
guishable when autogenous bone was grafted alone or 
in combination with the equine-derived material.44 The 

A B C
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Fig. 15: The definitive crowns in position

high extent of remodeling has been attributed to the fact 
that the bone collagen is preserved in its native form, 
facilitating the different bone-regenerative events and 
prompting cell adhesion and other cellular processes.34-41

The histological results correlate with the clinical 
findings. The regenerated bone was stable for up to 
24 months and effectively supported the two implants 
and the definitive prosthetic rehabilitation. 

CONCLUSION

In the present case, a preshaped titanium mesh, applied 
in conjunction with a heterologous, equine-derived bone 
graft mixed with a minor percentage of autogenous bone, 
provided effective bone regeneration in a GBR augmen-
tation procedure, concomitant with the insertion of two 
implants in the lower right quadrant. Histological and 
histomorphometric analyses showed the biomaterial to 
be biocompatible and under advanced replacement by 
newly formed bone tissue at the time of sample collec-
tion (4 months after grafting). Bone levels achieved 
through augmentation were stable over the 24 months 
of follow-up. The use of a properly sized titanium mesh 
in conjunction with equine-derived, enzyme-deantigenic 
collagen-preserving bone graft provided optimal clinical 
and histological results. 

CLINICAL SIGNIFICANCE

Preshaping a titanium mesh on a stereolitographic 
model of the patient’s mandible allowed to spare the 
intrasurgical time usually needed to shape meshes 
intraoperatively, resulting in a reduced discomfort for 
the patient and facilitating the execution of the surgery. 
This practice could be, therefore, advisable in routine 
clinical practice.
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