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Abstract: Guided bone regeneration (GBR) standard protocols call for filling the space underneath the membrane with 

autogenous bone or a mixture composed of autogenous bone particles and allogeneic bone tissue or heterologous biomate-

rials. This work describes the case of a GBR performed to restore a vertical bone defect with simultaneous placement of a 

dental implant in the posterior mandible that was carried out using a high density d-PTFE membrane and corticocancel-

lous porcine-derived bone without the addition of any autogenous bone. Bone regeneration was assessed by histological 

analysis of a biopsy sample collected from the grafted site nine months after the surgery. Intraoral radiographs taken at 

follow-up visits showed complete maintenance of the peri-implant bone levels for up to two years after prosthesis deliv-

ery. The regenerated site successfully supported functional loading of the implant. The present case report suggests that 

the use of a heterologous bone substitute alone to restore a vertical defect in a GBR procedure can be as effective as the 

standard protocol, while avoiding the drawbacks associated with a second surgical site opening.  

Keywords: Guided bone regeneration, heterologous biomaterials, vertical bone augmentation  

INTRODUCTION 

The successful outcome of osseointegrated implants re-
lies on a sufficient bone quantity for their stabilization. 
However, this condition is not always satisfied in clinical 
practice. Lack of bone volume may be due to congenital, 
post-traumatic, or post-surgical defects. Alternatively, as a 
result of the increased bone resorption that follows tooth 
loss, severe reduction of the residual ridges may occur in the 
wake of total or partial edentulism [1, 2]. In all these situa-
tions, bone grafting may be needed. At present a variety of 
materials and surgical techniques are available for augment-
ing local jaw bone horizontally or vertically including osteo-
distraction, inlay and onlay bone grafting, inferior alveolar 
nerve transposition, and guided bone regeneration (GBR) 
techniques [3]. 

The GBR procedure calls for the application of a mem-
brane to the bone defect to prevent non-osteogenic cell popu-
lations of the surrounding soft tissues from entering and 
populating the regenerating site [4, 5]. Osteogenic cells re-
siding in the osseous wound then can proliferate and differ-
entiate, promoting the restoration of the osseous defect [6, 
7]. Since the introduction of this procedure, a number of 
technical variations have been introduced. A wide range of  
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bioresorbable and non-resorbable membrane materials have 
been tested in experimental and clinical studies, including 
polytetrafluoroethylene (PTFE), expanded PTFE (ePTFE), 
titanium mesh membranes, collagen, poly(lactic acid), 
poly(glycolic acid), and their copolymers [8-12]. Every 
membrane type has both advantages and disadvantages. Re-
cently a high-density polytetrafluoroethylene (dPTFE) mem-
brane has been designed specifically for bone-augmentation 
procedures. The dPTFE is cell occlusive, shows minimal 
inflammation when exposed to the oral cavity, and does not 
integrate with the tissue for membrane stabilization [13]. 
Clinical and histological evidence for the use of dPTFE 
membranes is limited [14-17]. Some indications can be 
found concerning its use in guided tissue regeneration and 
guided bone regeneration in immediate implant-placement 
sites and fresh extraction sockets [18, 19]. 

A number of attempts have been made to enhance bone 
regeneration by positioning various bone graft materials un-
der the membrane. The intent is to preserve and maintain the 
space under the membrane and prevent its collapse by pro-
viding mechanical support. At first the potential of autoge-
nous bone was explored [20, 21]. Autogenous bone is still 
considered the gold standard for most applications, including 
GBR, because it contains osteocytes, stem cells and growth 
factors that have superior osteogenic and osteoinductive 
properties. However the need for a second surgery to harvest 
autogenous bone, its limited availability, and concerns about 
donor-site morbidity and graft resorption all affect its use 
[3]. 
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Subsequent clinical investigations have demonstrated that 

allogeneic bone grafts in conjunction with GBR procedures 

can be a viable alternative to autogenous grafts [22-24]. 

Used both alone and in combination with autogenous bone, 

allografts have the advantages of being easily available in 

unlimited quantity and obviating the need for a second sur-

gery. The major limitation is that they must be tested for the 

presence of any transmittable infectious agent and processed 

to prevent any risk of antigenicity or disease transmission 

[25, 26]. To overcome the limitations associated with auto-

grafts and allografts, heterologous bone substitutes (mainly 

bovine, porcine, or equine-derived) have been introduced to 

the GBR procedure as fill materials in in vivo experiments 

performed on animal models and later in patients [27-31]. 

Such bone substitutes, which are usually mixed with autoge-

nous bone particles, have provided predictable results in lo-

cal augmentation of jawbone [22, 32, 33]. One study evaluat-

ing the clinical performance of a 50:50 deproteinized bovine 

bone mineral (DBBM) and autogenous bone graft in vertical 

ridge augmentation surgeries showed that the quality of the 

regeneration obtained with the bony mixture was suitable for 

the successful insertion of dental implants at the recipient 

site, both simultaneously and in a two-step surgery [34].  

The following case report presents the use of the GBR 
technique to restore a mandibular first molar in a site with 
significant vertical resorption. A single implant was placed 
with high torque, and the peri-implant bone defect was filled 
exclusively with heterologous porcine-derived graft material. 
The site was then covered with a non-resorbable d-PTFE 
titanium-reinforced membrane. 

CASE REPORT 

The patient was a non-smoking, 55-year-old man with a 
non-contributory medical history who presented seeking to 

improve his masticatory function on the lower right side of 
his mouth. A comprehensive intraoral examination was per-
formed to assess his overall oral health. The patient was 
missing teeth 46 and 47 (Fig. 1a, 1b); clinical and radio-
graphic examination revealed a severe vertical defect of the 
corresponding alveolar ridge (Fig. 2). After assessing the 
periodontal status of the adjacent teeth, a treatment plan was 
developed calling for a GBR procedure and simultaneous 
placement of a dental implant. The patient provided in-
formed consent. 

For antibiotic prophylaxis, 2 g of amoxicillin (Zimox, 
Pfizer Inc., USA) were administered 1 hour before surgery. 
The patient also rinsed for 2 minutes with chlorhexidine 
0.20% mouth rinse (Curasept ADS

®
 220, Curaprox , Swit-

zerland) and received 100 mg of a non-steroidal-anti-
inflammatory drug (Aulin, Hoffmann-La Roche, Switzer-
land). Local anesthetic was administered by means of infil-
tration into the oral mucosa with 4% Articain hydrochloride 
with epinephrine 1:100000 (Oralbloc, Pierrel S.p.A, Italy). 

A mid-crestal full-thickness incision was created within 
the keratinized mucosa of the edentulous ridge, extending it 
to tooth 44 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. On the buccal side, the inferior men-
tal nerve was isolated, and the flap was released with a hori-
zontal periosteal incision to provide passive adaptation (Fig. 
3a, 3b). On the lingual side, the flap was elevated until 
reaching the mylohyoid line (Fig. 4a). Then, using a blunt 
instrument, it was localized a connective tissue band con-
tinuing with the epimysium of the mylohyoid muscle. This 
band is usually located in the first molar area and inserted 
into the inner part of the lingual flap approximately 5 mm 
from the crest in an apical direction. The blunt instrument 
was therefore positioned below the connective band, and 
with gentle traction in the coronal direction, the muscular 
insertion was detached from the lingual flap (Fig. 4b). 

 

Fig. (1). Pre-operative intraoral examination (a). Teeth 46 an 47 are 
lacking (b). 

 

Fig. (2). Endoral radiograph. The corresponding alveolar ridge 
shows a severe vertical atrophy. 

 

Fig. (3). Flap preparation. Mental nerve isolation (a) and alveolar 

ridge exposure (b). 

 

Fig. (4). Flap preparation. Lingual flap isolation (a); the mylohyoid 
muscle insertion is removed and flap released (b). 
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Given the severe vertical alveolar bone defect, the im-
plant site was underprepared. An 8 mm long pilot hole was 
drilled, and a 5 mm wide and 11.5 mm long implant (BT 
KONIC Implant, Biotec BTK, Italy) was placed (Fig. 5). Its 
platform on the ideal line was located 2 mm below the ce-
mentoenamel junction (CEJ) of the adjacent teeth but 2.5 
mm above the alveolar ridge because of the vertical bone 
defect in the first molar region (Fig. 6). The insertion torque 
was 70 Ncm, confirming the implant’s good primary stabil-
ity. The peri-implant bone defect resulting from the alveolar 
atrophy and underpreparation was filled using a heterologous 
bone material made of corticocancellous porcine bone parti-
cles prehydrated with collagen gel (OsteoBiol mp3, Tecnoss 
Dental, Italy). 

To obtain profuse bleeding from the marrow of the bone 
graft recipient sites, a series of holes were drilled on the ves-
tibular and crestal bone surfaces in zone 46, using a round 
bur with a diameter of 1.2 mm (Fig. 7a, 7b). A non-
resorbable high-density polytetrafluoroethylene (d-PTFE) 
titanium-reinforced membrane (Cytoplast

®
 Ti-250, Osteo-

health, USA) was then positioned over the implant and fixed 

through a manual screwdriver with four mini-screws to cover 
the defect and isolate it from the surrounding soft tissues. 
The mucoperiostal flaps were tested for their passivity and 
their ability to cover the augmented area. Complete flap clo-
sure was achieved using a non-resorbable suture (Cytoplast® 
4-0 PTFE Monofilament Suture, Osteogenics Biomedical, 
USA) in order to facilitate soft-tissue healing and avoid early 
or late membrane exposure. 

Radiographic examination was performed to verify cor-
rect implant positioning and bone- defect restoration (Fig. 8). 
The patient was instructed to consume a soft diet and avoid 
mastication in the area of surgery for the first 6 weeks. In 
addition, he was told to rinse twice a day with 0.2% chlor-
hexidine mouthwash and avoid brushing the surgical site for 
the first 2 weeks. Amoxicillin 1 g every 8 hours was pre-
scribed for 1 week and non-steroidal-anti-inflammatory 
(Aulin, Hoffmann-La Roche, Switzerland) drugs for 5 days. 

The re-entry surgery was accomplished nine months 
later. The screws were removed, and the membrane was re-
trieved (Fig. 9a, 9b, 10a). A biopsy sample was collected 

 

Fig. (5). Implant-like pin in position. 
 

 

Fig. (6). Positioned dental implant with a cower screw on it in fron-

tal (a) and occlusal (b) views. 

 

 

Fig. (7). Positioning of the high density d-PTFE titanium-

reinforced membrane to cover the grafted site. Heterologous por-

cine-derived biomaterial positioned to fill the peri-implant defect 

and to support the membrane (a); note the series of holes on the 

vestibular surface performed to induce bleeding and trigger bone 

regeneration. Definitive membrane fixing (b). 

 

Fig. (8). Post-surgical endoral x-ray showing the correct implant 

positioning and bone defect restoration. 
 

 

Fig. (9). Second surgery showing the membrane retrieval (a) and 

the uneventful healing of the recipient site (b). 
 

 

Fig. (10). The uneventful healing of the recipient site (a). His-

tological analysis of the biopsy collected at the regenerating site 

showing the presence of acidophilic bone tissue in close contact 

with basophilic graft material and no fibrous tissue interposition. 

Osteocytes in the lacunae indicate that the acidophilic tissue is 

newly-formed vital bone (b). 
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buccodistally in respect of the implant, using a 3.8 mm ex-
ternal diameter trephine. The sample was fixed in 10% buff-
ered formalin, decalcified with 10% formic acid, dehydrated 
in an ascending concentration series of ethanol (50%, 70% 
and 100%), embedded in paraffin resin, and then cut with a 
microtome into 4 m sections. After hematoxylin-eosin 
staining, slides were observed under an optical microscope 
with transmitted light to analyze bone tissue and assess bone 
formation at the grafted site (Fig. 10b). 

After 15 days, the soft-tissue healing was uneventful, and 
the previously established prosthetic protocol was followed. 
A single-crown definitive restoration was delivered 1 month 
(Fig. 11a, 11b). The prosthesis was placed in occlusion, 
where the occlusal surface was thoroughly modeled, so that 
it was in contact with reduced areas during laterality and 
protrusion excursions, in order to reduce the dislocating vec-
torial components; more contacts were maintained in maxi-
mum intercuspation. Follow-up radiographs were taken at 1, 
12, and 24 months after prosthesis delivery (Fig. 12, 13, 14). 

The patient healed uneventfully, with no clinical signs of 
soft-tissue inflammation or recession and, as recommended 
in the GBR protocol, no membrane exposure. At the time of 
the second-stage surgery, the implant appeared completely 

submerged in bony tissue. No graft volume appeared to have 
been lost during the healing period. Implant stability was 
checked with a reverse-torque test at 25 Ncm. 

Histological analysis of the bone sections showed the 
presence of acidophilic bone tissue. As the bone core was 
harvested at the graft site, and numerous osteocytes were 
observed in the lacunae, it is reasonable to infer that this 
well-structured bone was newly formed vital bone. No com-
plete substitution had occurred, since basophilic graft mate-
rial was also present. Such material was in close contact with 
the vital bone, and no fibrous tissue interposition was found, 
indicating respectively that the biomaterial was osseointe-
grated and biocompatible. 

One year after surgery, clinical examination showed no 
significant changes in the soft-tissue contours. All follow-up 
radiographs taken up to 24 months after implant placement 
showed complete maintenance of the peri-implant bone lev-
els without any sign of bone resorption. The grafted site was 
perfectly able to support the functional loading of the im-
plant. 

DISCUSSION 

In dentistry a vertical bone defect is defined as a one-
sided bone resorption of 2 mm or more of the interdental 
marginal bone apical to the alveolar crest. This periodontal 
destruction has a right-left symmetric distribution within the 
maxilla and mandible, but it is more common in the posterior 
than the anterior [35]. Both the prevalence and severity of 
vertical bone defects increase with age, and when extensive, 
they can compromise the adequate placement of dental im-
plants and the required angulation [36, 37]. 

In such cases, the dentist is faced with the dilemma of 
whether to augment the bone or to use short implants (8 mm 
or less). Various techniques are currently used to augment 
the posterior mandibles and maxillae [3, 10]. The techniques 
used for vertically augmenting posterior mandibles are verti-
cal guided bone regeneration (GBR) procedures, alveolar 
distraction osteogenesis, onlay bone grafting and the use of 
interpositional bone grafts [20, 22, 24]. 

 GBR procedures have evolved greatly in the last two 
decades and have been prompted by the advent of prosthetic-
driven surgery, in which implant positioning and angulation 
are determined by the final, optimal prosthetic rehabilitation 
[38-40]. Standard GBR procedures entail the use of a long-

 

Fig. (11). Single-crown definitive restoration in frontal (a) and 

occlusal (b) views. 
 

 

Fig. (12). Follow-up x-ray at 1-month. 
 

 

Fig. (13). Follow-up x-ray at 12-months. 

 

Fig. (14). Follow-up x-ray at 24 months displaying the stable main-

tenance of the peri-implant bone tissue levels and no sign of bone 

resorption. 
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lasting membrane to isolate the site and protect the clot. The 
membrane acts as a scaffold to facilitate the spread of osteo-
progenitor cells and blood vessels and a physical barrier to 
epithelial and connective cell invasion from the surrounding 
soft tissues [4,41]. The success of GBR procedures is quite 
high, both in vertical and horizontal ridge augmentations, 
and compared with other augmentation techniques, they of-
fer the advantage of being performable both before and si-
multaneously with implant placement. GBR has a high de-
gree of predictability when some basic requirements are ful-
filled. Factors of paramount importance for GBR success are 
appropriate flap closure and the use of long-lasting protec-
tive membranes. The flap closure must be maintained for the 
entire healing period and managed carefully, with passive 
coverage of the surgical zone and no residual tension left at 
the suture site [20, 21]. 

Grafting materials such as autogenous bone, demineral-

ized freeze-dried allograft bone (DFDBA), and bovine de-

proteinized bone have been used to fill the space protected 

by the membrane and thus enhance the effectiveness of the 

technique [20, 22, 27, 32, 33, 42]. Simion in 2007 showed 

GBR procedures that used a 50:50 mixture of autogenous 

and bovine deproteinized bone below an e-PTFE membrane 

to be successful for the treatment of vertical atrophies, both 

in two-step and single-stage surgeries and with concomitant 

implant placement [43]. Other authors also later demon-

strated the successful use of heterologous bone mixed with 

an equal amount of autogenous bone [31]. The rationale for 

mixing in the autogenous bone consists of adding to the bio-

compatible but still inert material live osteoprogenitor cells, 

differentiated osteoblasts, and possibly growth factors capa-

ble of supporting or stimulating bone regeneration. As far as 

the bone substitute being grafted is concerned, heterologous 

mammal-derived biomaterials are regarded as promising 

substitutes on the basis of the chemical identity of bone apa-

tite and the high similarity in morphological parameters (i.e. 

trabecular density) that is encountered among mammals. 

Given such similarities, a mammal-derived bone graft should 

in principle interact properly with the bone cells (i.e. osteo-

clasts and osteoblasts) of the recipient site, showing remod-

eling at a nearly physiological rate and finally being replaced 

by endogenous, newly formed patient’s bone [44, 45]. 

In the case presented here, a pre-hydrated, collagen-

preserved heterologous biomaterial provided effective bone 

regeneration without being mixed with any autogenous bone. 

The implant was positioned following prosthetically driven 

principles, that is, based on the desired tridimensional posi-

tion of the definitive prosthesis. In line with these principles, 

it was inserted in a slightly underprepared site, and its plat-

form was aligned with an ideal line drawn 2 mm below the 

CEJ of the adjacent teeth. In order to minimize the overall 

invasiveness of the surgical procedure, a single-stage proto-

col was followed and the reconstructive GBR procedure was 

performed simultaneously with the implantation. This was 

made possible by the fact that the vertical bone defect was 

mild (2 – 2.5 mm), the edentulism was restricted to a small 

sector of the mandible, and the amount of graft necessary to 

fill the defect was limited, due to the volume taken up by the 
implant itself. 

The histological analysis indicated that the graft material 
was biocompatible, since no fibrous tissue was found, and 
new vital bone formation occurred. The membrane appeared 
to act as an effective scaffold for colonization by bone cells 
and blood vessels, important precursors to bone regenera-
tion. The extent of remodeling, even if assessed only qualita-
tively, was quite advanced. Only a small volume of biomate-
rial remained, compared to the newly formed bone volume. 
This is consistent with a possible physiologic rate of remod-
eling of the biomaterial in the graft site. It can be reasonably 
supposed that at a later stage, the remodeling could be com-
plete. This result may be explained by the presence of en-
dogenous bone collagen in its native state in the biomaterial 
that was used. Bone collagen is, in fact, a well-known activa-
tor or co-activator of many biological processes leading to 
bone regeneration [46-49]. 

The histologic results appear to correlate with the good 
clinical outcome documented by the intraoral x-rays. Indeed 
all follow-up controls showed complete maintenance of the 
peri-implant bone levels without any sign of bone resorption. 
The healed bone was perfectly stable up to 24 months after 
bone augmentation, supporting the functional loading of the 
implant. A possible explanation of the maintenance of bone 
levels and stability over time is the nearly complete resorp-
tion and substitution of the heterologous biomaterial by 
newly formed functional bone tissue together with the resto-
ration of the masticatory load. The fact that control x-rays 
maintained the same appearance over time, showing the first 
implant threads in strict contact with a bone-like area, as far 
as both structure and radio-opacity are concerned, also sug-
gests that the heterologous bone material may have under-
gone a remodeling process leading to the osseointegration of 
the fixture also in the biomaterial-only grafted region.  

CONCLUSION 

In the present case, heterologous biomaterial was used to 
regenerate a vertical ridge defect using a GBR technique 
with simultaneous insertion of a dental implant. The proce-
dure entailed the use of a d-PTFE non-resorbable membrane 
and allowed for successful regeneration of the defect without 
the addition of any autogenous bone. The regenerated site 
was stable for up to 24 months after bone augmentation, and 
supported the functional loading of the implant. These re-
sults may be explained by the presence of native, unaltered 
bone collagen in the grafted material and appear to support 
the use of a heterologous biomaterial alone for vertical ridge 
augmentation by means of GBR techniques. Nevertheless 
long-term clinical studies are needed to confirm the positive 
effect of prehydrated corticocancellous porcine bone graft in 
enhancing the lasting stability of vertically augmented bone. 
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