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ABSTRACT 

 

 The presence of localised bone defects in the alveolar processes can prevent the use of implants, due to insufficient 

bone volume for osseointegration. Localised bone resorption can also prevent a good aesthetic result due to poor soft 

tissue support. Autologous bone grafting is considered the gold standard, but it has disadvantages for the patient, such as 

a donor site and the risk of morbidity. The use of alloplastic, allogenic, or xenogenic grafts has therefore become a very 

attractive alternative. A recent study conducted on the maxilla of rabbits has shown that porcine bone grafting exhibits 

strong osteoconductive properties and, over time, is remodelled and replaced with new bone. The aim of this study is to 

describe a technique designed to reconstruct a bone volume suitable for implant placement and, therefore, capable of 

supporting soft tissues in order to achieve an adequate aesthetic result with an 18-year follow-up of prosthetic loading. 

Bone augmentation was also evaluated from a histological point of view at the time of dental implant placement. 
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INTRODUCTION 

 

Adequate bone volume is a fundamental prerequisite for successful implant placement, ensuring functional, 

aesthetic, and prosthetic rehabilitation. Clinical and histological studies in both animals and humans have demonstrated 

that spontaneous healing of post-extraction sockets initiates a physiological process resulting in bone remodeling and 

resorption, which is more pronounced on the buccal side than on the palatal or lingual aspects (1-3). 

In 1996, Buser et al. (4) introduced the concept of Guided Bone Regeneration (GBR) to address the loss of 

alveolar bone. The aim of GBR is to promote new bone formation in ridge defects, either prior to or simultaneously with 

implant placement. GBR relies on creating a favorable environment that supports the natural regeneration of bone tissue 

(5-7). Critical factors in establishing this environment include stabilization of the blood clot, prevention of acute 

inflammation due to bacterial infection, and the creation and maintenance of a space filled with the clot (8-9). 

Both resorbable and non-resorbable barrier membranes have been successfully employed in bone regeneration 

for many years. Their primary function is to exclude soft tissue cells from the mucosa, thereby allowing osteogenic cells 

from surrounding tissues to repopulate the defect. However, most membranes alone are insufficient to maintain a stable 
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space conducive to bone formation. While autologous bone grafts, in block or particulate form, remain the gold standard 

for ridge augmentation (10-11), alternative grafting materials, including xenografts (12-13), alloplastic grafts (14-15), 

and allografts (16), have been extensively studied.  The use of alternative materials is driven by the desire to eliminate 

the need for a second surgical site, thereby reducing procedural invasiveness and postoperative morbidity. 

A recent study on rabbit maxillae confirmed that porcine-derived bone grafts exhibit strong osteoconductive properties 

and are gradually resorbed and replaced by new bone over time (17). 

The aim of this study is to report on the clinical, radiographic, and histological outcomes observed following the 

use of porcine bone granules (Osteobiol Gen-Os, Tecnoss, Italy), mixed with collagen gel and covered with a thin cortical 

lamina, six months after the regenerative procedure. Long-term clinical and radiographic outcomes are also assessed after 

18 years of prosthetic loading (18). 

 

MATERIALS AND METHODS 

 

 In February 2007, two patients were recruited who had a horizontal and, in part, vertical bone defect in the upper 

first premolar. Since both bone defects were quite extensive, it was decided to carry out the regeneration procedure in two 

stages: bone regeneration, followed by a six-month waiting period, and then implant insertion with a healing period of at 

least four months before reopening and abutment placement. The area to be regenerated was filled with a mixture of 

collagen gel (OsteoBiol Gel 0, Tecnoss, Italy) mixed with collagenated bone of porcine origin (OsteoBiol Gen-Os, 

Tecnoss, Italy). This particular mixture has allowed for better control of the grafting, thanks to the greater malleability of 

the product obtained and its particular adhesiveness. 

 The main purpose of the proposed protocol was to maintain adequate space for new bone regeneration, which was 

achieved by using a support screw beneath a cortical bone plate (OsteoBiol Soft Cortical Lamina, Tecnoss, Italy). The 

latter was stabilised on the vestibular side with two mini osteosynthesis screws (length 5 mm, diameter 1.2 mm; Graftek 

fixation screws, Roen), while on the palatal side, it was positioned below the mucoperiosteal flap. 

 After six months, at the end of the healing period, a bimodal surface implant with positive tolerance geometry and 

a taper of approximately 1° (Neoss Italia) was inserted (19). After implant placement, at the time of reopening and before 

positioning the final abutment, the ISQ (implant stability quotient, Osstell Mentor) value was measured, i.e., the resonance 

frequency value, which is related to the stiffness of the bone-titanium interface. 

 The implant site was prepared using a Trephine drill (Maillefer) with an internal diameter of 2 mm and an external 

diameter of 3 mm. The drill, containing the extracted bone, was immersed in a 4% buffered formaldehyde solution and 

sent to the Department of Biomaterials at the Institute of Surgical Sciences (Sahlgrenska Academy, Gothenburg 

University, Sweden) for histological evaluation. The samples were then dehydrated with successive steps in different 

alcohol gradients and subsequently embedded in photopolymerisable resin. Sections of approximately 10-15 μm were cut 

using a saw and a grinder, stained with toluidine blue, and observed under a microscope. 

 

First case 

 A 56-year-old female patient with edentulism in zone 1.4 

presents with both vertical and horizontal bone defects. Consequently, 

it is decided to perform bone defect reconstruction using GBR prior to 

implant placement (Fig. 1).  

Under local anaesthesia (2% lidocaine with 1:80,000 

epinephrine), a full-thickness vestibular flap is designed in order to 

expose the bone defect completely. After carefully cleaning the bone 

surface of any periosteal residue, the vestibular cortical bone of the 

recipient site was perforated with a ball bur to induce bleeding and 

promote the incorporation and vascularisation of the graft material (Fig. 

2). 

 

 

  

 

Fig. 1. Pre-operative radiograph. 
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A support screw is inserted on the occlusal side of the recipient site in order 

to create a tenting effect and thus prevent the barrier membrane from collapsing. 

The site is then filled with OsteoBiol Gen-Os mixed with collagen gel (OsteoBiol 

Gel 0) to make the product denser and stickier, thereby facilitating its positioning 

(Fig. 3).  

A thin cortical lamina (OsteoBiol 

Lamina Soft) is moulded over the graft 

material and stabilised to the bone using two 

fixation screws on the vestibular side apically 

to the defect itself, while on the palatal side, 

the lamina is adapted to the bone surface 

below the mucoperiosteal flap (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before suturing, a fenestration of the periosteum is performed at the base of the vestibular flap in order to achieve 

a tension-free adaptation of the wound margins. The wound is closed with horizontal mattress sutures and separate 

stitches. The patient was called back weekly for follow-up visits. 

 At the end of the third week, partial exposure of the osteosynthesis screw head 

was noted, which was nevertheless maintained. The patient was advised to apply 

chlorhexidine gel daily. After six months, at the surgical follow-up, no residual 

lamina or biomaterial granules were detected, but rather compact and well-

vascularised new bone formation. The partial exposure of the upper head of the 

fixation screw indicates that there has been minimal vertical resorption of the graft 

material (Fig. 5).  

 The increase in crest height was quantifiable as 5 mm horizontally and 4 mm 

vertically. Once the screw was removed, a small portion of the regenerated bone was 

taken for histological examination using a 3 mm external diameter drill bit (Fig. 6).  

 

 

 

  

Fig. 2. Intraoperative view of the 

bone defect. 

 

Fig. 3. Defect filled with 

Osteobiol graft material. 

 

Fig. 4. Placement of membrane 

with fixation screws. 

 

Fig. 5. Bone regeneration 

observed at surgical re-entry, six 

months postoperatively. 

. 
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Subsequently, the preparation of the implant socket was completed, and 

a 13 mm long, 4 mm diameter implant (Neoss Ltd, Harrogate, UK) was inserted, 

achieving good primary stability (ISQ 71). A 3 mm high transgingival healing 

cap made of PEEK (polyetheretherketone) is immediately inserted to manage the 

soft tissues and avoid further surgery. 

  After a five-month healing period, implant stability was reassessed (ISQ 

78); the X-ray examination showed that the implant was well integrated into the 

basal bone. Subsequently, the implant was restored with a gold-ceramic crown 

(Fig. 7, 8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Second case 

 

 A 38-year-old female patient presented to our clinic with traumatic avulsion of tooth 2.4 (Fig. 9). The residual area 

showed a severe horizontal and vertical defect and, in particular, a loss of attachment of approximately 7 mm, mesially 

to tooth 2.5. As per protocol, the area was anaesthetised and skeletonised and, after drilling holes in the bone to be grafted, 

a regeneration screw (Memphix, Straumann) was placed, with a smooth part of 5 mm outside the bone (Fig. 10). A soft 

cortical lamina (OsteoBiol Lamina, Tecnoss) was moulded and fixed with two mini screws (5 mm long and 1.2 mm in 

diameter, Graftek fixation screws, Roen) vestibularly to the defect. After the cortical lamina had been properly adjusted, 

the defect was filled with a mixture of collagen and bone (OsteoBiol Gen-Os, Tecnoss) and then covered with the cortical 

lamina (Fig. 11). 

 

 

 

Fig. 6. Histological result from the 

implant insertion site: Biopsy 

performed at 5 months shows 

mature bone. Bone substitute 

particles (*) are barely 

distinguishable from newly formed 

bone. (Scale bar = 200 µm). 

. 

 

Fig. 7. Clinical view at prosthetic delivery. 

 

Fig. 8. Radiograph at the time of prosthetic delivery. 
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 The release of the flap with a periosteal incision and the use of mattress sutures allowed the flap to be closed and 

the graft to be covered throughout the healing period. After a seven-month waiting period, with no symptoms or signs of 

inflammation or infection, the flap was reopened, the screws were removed, and the implant site was prepared with a 

Trephine drill.  

 For histological evaluations, bone sampling is performed. The site was refined using a 3.2 mm diameter drill. A 

Neoss implant (length 13 mm and diameter 4 mm) was inserted, achieving excellent primary stability (ISQ 77). Bone 

measurements showed an increase of 5 mm vertically and 4 mm horizontally; in addition, mesially to the second premolar, 

a localised attachment gain was noted (Fig. 12).  

 After five months, the site was reopened, a zirconium abutment and a 

temporary crown were immediately placed, and an increase in resonance 

frequency values (ISQ 81) was measured. After four months, a permanent 

zirconium and ceramic crown was cemented. The final intraoral X-ray confirms 

the increase in bone growth (Fig. 13, 14). 

 Histological examination of the bone biopsy from the site shows well-

incorporated bone substitute particles and dense bone (Fig. 15). 

 

 

 

 

 

 

 

Fig. 9. Pre-operative radiograph. 

 

 

Fig. 10. Placement of a tenting screw to facilitate space 

maintenance during regeneration. 

 

 

Fig. 11. Cortical bone lamina fixed to the buccal side, covering the graft. 

 

 

Fig. 12. Surgical re-entry at 7 months: a horizontal and vertical bone gain of 5 mm is noted, along with 

improved attachment mesial to tooth 25. 
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DISCUSSION 

 

 The original aim of the study was to evaluate the clinical, radiological and histological results obtained six months 

after regenerative surgery using a mixture of collagen gel (OsteoBiol Gel 0, Tecnoss) combined with collagenated bone 

of porcine origin (OsteoBiol Gen-Os, Tecnoss) as a filling material in combination with a cortical bone lamella (OsteoBiol 

Lamina Corticale Soft, Tecnoss). In both cases, there was an increase in bone ridges, both vertically and horizontally, of 

approximately 4-5 mm and an increase in the volume of local soft tissue, which allowed the implants to be inserted in an 

appropriate position, satisfying both functional and aesthetic criteria. There were no complications, except in one of the 

two cases, where, after approximately three weeks, partial exposure of the head of the osteosynthesis screw occurred. 

However, this did not cause any inflammatory or infectious reaction and did not affect bone healing. These data 

demonstrate the optimal biocompatibility of the materials used. 

 A comparison of the ISQ values at the time of implant placement and at the time of abutment placement after ten 

months showed a significant increase in both cases (first case: from 71 to 78; second case: from 77 to 81), indicating that 

a clear process of bone remodelling had taken place, leading to greater densification and maturation of the new bone 

tissue. 

Fig. 13. Clinical view of the zirconia crown one-year 

post-grafting. 

 

 

Fig. 14. Radiograph 18 months after grafting. 

 

 

Fig. 15. Histological result: presence of dense mature bone with visible bone substitute particles (*). (Scale bar = 200 

µm). 
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 The results of histological examinations performed six months after GBR showed the presence of mature bone. 

Furthermore, the porcine bone particles were well incorporated and difficult to distinguish from native bone. In some 

areas, remodelling was observed with partial resorption of the particles and the formation of new bone. Particles without 

bone contact could occasionally be seen in the deepest areas of the two biopsies. 

 Similar data were also reported by Nannmark and Sennerby (17) in an animal model. The authors evaluated bone 

tissue responses to PCPB, with or without collagen gel, covered with a collagen membrane (OsteoBiol Evolution, 

Tecnoss). Histological examinations performed at eight weeks showed active resorption of the materials, the presence of 

mature bone and revascularisation of the mineralised part and soft tissue, and finally that the collagen membrane was 

undergoing active degradation. 

 After 18 years of prosthetic loading, during which the two patients examined did not experience any complications, 

radiological examination showed that the crestal bone levels remained unchanged. (Fig. 16, 17). 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS  

 

 This study has provided clinical, histological, and radiological evidence in humans of the regenerative potential of 

the combination of the three materials used (OsteoBiol Gel 0, OsteoBiol Gen-Os, OsteoBiol Soft Cortical Lamina, 

Tecnoss) after 18 years of functional loading. 
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