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Abstract
Aim: The aim of this study was to evaluate hard and soft tissue changes following guided bone regeneration (GBR), 
with occlusive titanium barriers (OTB), in the rehabilitation of partially edentulous atrophic jaws. Vertical bone gain 
(VBG), horizontal bone width (HBW), and flap thickness (FT) changes, observed between the first and the second 
surgical stages, were evaluated.

Methods: The study included 35 patients (9 men and 26 women; mean age 60 ± 10.53 years) in need of vertical 
bone augmentation for implant placement. Seventy implants were placed, 44 with a one-stage approach (Group A) 
and 26 with a two-stage approach (Group B). VBG, HBW, and FT were measured and statistically compared.

Results: VBG for implants placed in Group B was significantly higher than those placed in Group A (P = 0.006). 
The increased HBW in Group B was highly significant compared to that exhibited in Group A (P = 0.000). A highly 
significant difference was found in FT before and after the GBR in the two groups considered together, for both the 
upper and lower jaws (P = 0.000 for both).

Conclusions: OTBs are reliable devices in GBR, yielding predictable results in terms of bone augmentation. In 
almost all cases (94.3%), a spontaneous increase of the FT, at the second surgical phase, was observed. This could 
be due to the titanium surface features which increases spontaneously the thickness of soft tissues over the OTB.
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INTRODUCTION
Alveolar bone loss, following dental extraction, can often limit the bone height and thickness available for 
aesthetic and prosthetic-driven implant placement[1,2]. Various techniques have been proposed and widely 
used to augment bone vertically and horizontally, but it is not completely clear which are the most 
efficient[3]. Among the different reconstructive techniques, guided bone regeneration (GBR) techniques 
seem to provide predictable and favorable results in long-term follow-up studies[4]. GBR was proposed by 
Dahlin et al.[5] in 1988 to regenerate bone by using grafts and barriers allowing mechanical exclusion of 
undesirable soft tissue and, at the same time, favoring the osteogenic cellular growth into the osseous defect. 
In the following years, Schmid et al.[6] and Van Steenberghe et al.[7] demonstrated that barrier permeability is 
unnecessary to achieve successful GBR. Wang and Boyapati[8] in 2006 proposed and named the “PASS” 
principles for successful GBR procedures: primary wound closure, angiogenesis, space maintenance, and 
stability of the clot. Nowadays, GBR has become a treatment option providing support for osseointegrated 
implants. Generally, a particulate graft composed of 50% xenograft and 50% autogenous bone is used, with 
the latter providing both the osteogenic and osteoinductive properties[9]. In vertical bone defects, the use of 
titanium-reinforced polytetrafluoroethylene (PTFE) barriers, in association with biomaterials, is well 
documented[9,10]. The use of PTFE non-resorbable barriers, compared to the resorbable barriers, can ensure 
an adequate space-making effect until the second-stage surgery, which usually takes place nine months after 
the first surgery[11]. Moreover, despite the temporary exclusion of the periosteum contact[12], the presence of 
a non-resorbable barrier leads to bone volume gain, which prevents graft reabsorption[13].

However, in the case of accidental exposure during the healing period, in most cases, the PTFE barriers 
must be removed within a couple of weeks, due to their contamination by oral fluids[14].

To limit the bacteria colonization of the graft, the use of non-permeable occlusive titanium barriers (OTB) 
has recently been proposed as an alternative to the non-resorbable PTFE membranes in reconstructive 
implant surgery[15].

An OTB is a thin pre-shaped titanium barrier which, being without openings and non-permeable, can 
ensure better biological protection of the graft in the case of accidental exposure. This barrier must be fixed 
to the residual bone with screws or pins, to ensure perfect primary stability of the particulate graft. OTBs 
have been used in lateral bone ridge augmentation in humans and on the rabbits’ calvaria and have shown 
increased rates of both deposition and bone volume[16]. Furthermore, to reduce the intra-surgical time of 
OTB adaptation, the pre-shaping of the barrier on a printed stereolithographic model (STLM) has been 
proposed[17,18]. The biocompatibility, osteoconductive properties, and mechanical properties of titanium 
contribute to both bone graft stabilization and space maintenance, playing an important role in achieving 
successful bone regeneration[19]. The lack of inflammatory response after OTB exposure was also confirmed 
in clinical studies concerning alveolar ridge reconstruction for implant purposes[20,21]. In this study, vertical 
bone augmentation via OTB was performed in a case series. Vertical bone gain (VBG), horizontal bone 
width (HBW) achieved, and flap thickness (FT) changes, observed between the first and second surgical 
phases, were evaluated from both the clinical and radiographic points of view.
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METHODS
Subjects
The study included 35 patients (9 men and 26 women; mean age 60 ± 10.53 years) in need of vertical bone 
augmentation for implant placement. Twenty-one were treated with simultaneous implant placement (one-
stage approach), while the remaining 14 underwent a delayed implant placement (two-stage approach). 
Seventy implants were placed (44 with a one-stage approach and 26 with a two-stages approach). All 
patients were systemically healthy, had never smoked, and were not taking any regular medications 
associated with a compromised bone healing response. Prior to treatment, informed consent was obtained 
from patients regarding the treatment goal and protocols. The study was performed in compliance with 
good clinical practice and the WMA Declaration of Helsinki for ethical principles in medical research 
involving human subjects (amended by the 64th WMA General Assembly, Fortaleza, Brazil, October 2013).

All patients underwent initial periodontal treatment prior to surgery. Surgical procedures were performed 
between February 2015 and April 2018 by the same clinician (Fabio Perret).

Device preparation
For the selected patients, cone beam computed tomography (CBCT) (Cranex 3D, Soredex - Kavo Dental, 
Brea, California, USA) was performed, showing a reduced thickness and height of the residual bone 
[Figure 1A-C]. In many cases, a lack of keratinized tissue (KT) was also evident. For each CBCT, a three-
dimensional STLM of the recipient site was printed to evaluate the case and pre-shape the titanium barrier. 
The GBRs were planned directly on each printed STLM. A 0.12 mm thickness OTB (Regenplate® Shape 2 
and Shape 4, Bio-Micron, Sweden & Martina, Due Carrare, Padova, Italy) was trimmed and shaped on each 
STLM maintaining a distance of 1.5 mm from the adjacent teeth, from the mental nerve, and from the 
mylohyoid line [Figure 1D]. The smooth side of the barrier was placed externally, while the treated rough 
surface was placed on the inner side of the dome, in order to obtain better blood clot adhesion[22,23]. Every 
sharp edge was bent inward with pliers to avoid damage to the flap. A variable number of holes were drilled 
with a bur (2 mm diameter) in the mesial-buccal and distal-occlusal areas of the barrier to stabilize it using 
fixation screws. The device was then sterilized by means of an autoclave before surgery.

First phase surgery
For all patients, antimicrobial prophylaxis was administered with amoxicillin clavulanate (Augmentin, 
GlaxoSmithKline, Verona, Italy), 1 g every 12 h for 6 days, starting 3 h before the operation. All surgeries 
were performed with the use of 4× magnification loupes (EyeZoom™, Orascoptic, Madison, Wisconsin, 
USA). After local anesthesia, performed with articaine hydrochloride 4% plus epinephrine 1:100,000 
(Citocartin, Molteni Dental, Milan, Italy), a flap design was made to ensure a primary tension-free closure. 
The incision varied between maxilla and mandible.

Posterior mandible
In detail, a crestal full-thickness incision was made with a 15 surgical blade, in order to equally divide the 
KT. A full-thickness vs. split-thickness flap design was chosen to maintain the whole thickness of the flap, 
which seems to be crucial to prevent barrier exposure, especially in vertical ridge augmentations with non-
resorbable membranes[24,25]. Posteriorly the incision ended with a vestibular oblique incision (45°), at the 
level of the occlusal plane. In the presence of a molar, the posterior incision was marginal and distally 
released. Lingually, to obtain an adequate length of the flap, a marginal incision was extended mesially at 
least to the two adjacent teeth, avoiding vertical incisions. To obtain passivation of the lingual flap in the 
middle area, the superficial fibers of the mylohyoid muscle were carefully detached by a periodontal probe 
[Figure 2A and B]. In the distal area, the adherent tissues of the retro-molar pad were full-thickness lifted by 
the use of a Prichard elevator[25]. On the buccal side, the mesial extension of the flap involved one or two 
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Figure 1. Two-stage guided bone regeneration procedure in a posterior atrophic mandible: (A) clinical view at the baseline; (B) CBCT 
cross sections; (C) CBCT rendering of the atrophic area; and (D) the titanium barrier (Regenplate® Shape 4, Bio-Micron, Sweden & 
Martina, Due Carrare, Padova, Italy) prepared on the printed STLM. Two-millimeter holes were performed where the screws had to be 
fixed. CBCT: Cone beam computed tomography; STLM: stereolithographic model.

Figure 2. Surgical procedure of the case described in Figure 1: (A) the superficial fibers of the mylohyoid muscle on the internal side of 
the lingual flap; (B) the coronal fibers of the muscle are carefully detached by a periodontal probe; (C) a 1:1 mixture of particulated 
autogenous bone and porcine-derived xenograft is placed into the occlusive titanium barrier previously prepared and sterilized; and (D) 
the device is fixed on the recipient site by means of self-tapping screws.

adjacent teeth and ended with a “hockey-stick” vertical incision with preservation of the papillae[26]. The flap 
was then carefully full-thickness raised to locate the mental foramen area and the neurovascular bundle. A 
shallow periosteum incision was made from the distal to the medial vertical incision, by using a new No. 15 
blade, in order to obtain flap passivation and elongation of about 8 mm. Then, the buccal flap was further 
carefully “brushed” on its internal surface until the desired elongation was achieved[27].

Maxilla
In the upper jaw, the crestal incision was buccally shifted by about 4 mm, in order to obtain a longer palatal 
flap. “Hockey stick” vertical incisions were performed following papilla preservation techniques[28]. Flap 
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passivation procedures were performed only on the buccal flap until the space necessary to place the 
titanium barrier and the graft was obtained. When necessary, sinus lift procedures (crestal or lateral 
approach) were performed in the posterior maxilla during the bone augmentation procedures[27].

Implant and graft placement
The choice of simultaneous or delayed implant placement was randomly made by the operator; however, if 
VBG required was > 7 mm the two-stage procedure was generally preferred. In the one-stage procedure, the 
implant sites were prepared using dedicated drills according to manufacturer instructions, and the fixtures 
were placed in a prosthetically driven manner, reaching a torque of at least 30 Ncm. In the two-stage 
procedure, the implants were placed during the second stage surgery, immediately after the OTB removal. 
Both in-mandible and in-maxilla perforations were not performed, because the collection of autologous 
bone was performed from the recipient site by using a scraper (Safescraper® TWIST, META, Reggio Emilia, 
Italy). The bone scraping procedure was considered sufficient to activate the regional acceleratory 
phenomenon, at the recipient site[28]. A 1:1 mixture of particulated autogenous bone and porcine-derived 
xenograft (Regeneross®, Zimmer, Columbus, Ohio, USA) was placed in the inner surface of the OTB 
[Figure 2C]. The device was, at this point, placed on the recipient site and fixed first on the lingual/palatal 
side, then on the distal-occlusal area, and, finally, on the buccal side using self-tapping fixation screws 
(0220Q-4-10; 0220Q-6-10, Cizeta, Sweden & Martina, Due Carrare, Padova, Italy). Contact between OTB 
and neighboring teeth was carefully avoided, keeping the minimum distance of 1.5 mm [Figure 2D]. Flaps 
were then closed using two layers of sutures: horizontal mattress sutures were used in the first one, and then 
single interrupted sutures were placed to ensure an adequate closure, especially on the edges of the flaps. 
Vertical incisions were then closed with single sutures (Serafit®, 6/0, Serag Wiessner, Naila, Germany). Non-
steroidal analgesics and cortisone were administered. Post-surgical instructions included a soft diet for two 
weeks and appropriate oral hygiene, avoiding brushing and trauma at the surgical sites. Patients were 
instructed to rinse twice a day for about two weeks with a 0.2% chlorhexidine mouthwash. Sutures were 
removed about 14 days postoperatively. All patients were recalled for additional postoperative checkups and 
enrolled in a maintenance hygiene program.

Second phase surgery
A CBCT was performed before the second surgical stage [Figure 3A and B]. OTBs were removed nine 
months after vertical augmentations to allow proper hard tissue regeneration. A full-thickness flap was 
reflected to remove the titanium barrier, exposing the underlying bone crest. A thin pseudo-periosteum was 
always observed, even in cases with accidental exposure of the barrier [Figure 4A and B]. This white layer of 
pseudo-periosteum was left in place to protect the new regenerated hard tissue, promoting its maturation 
and stability through the years [Figure 4C and D].

In the one-stage group, the healing abutments were connected to the previously placed fixtures and left 
exposed to the oral cavity, while the flaps were sutured, around them, with interrupted sutures without any 
additional free gingival graft.

In the two-stage group, a lack of KT was often evident, even before the first surgical step [Figure 5A-D]. The 
implants were placed after the titanium barrier removal and connected with the healing abutments 
[Figure 6A and B]. In six cases of this group, immediately after implant placement, a free gingival graft was 
harvested and sutured over the pseudo-periosteum and around the healing abutments [Figure 6C and D], in 
order to reach a proper vestibule depth and a keratinized attached tissue width around the implants of at 
least 2 mm [Figure 7A and B].
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Figure 3. The evaluation of hard tissue changes of the case described in Figures 1 and 2: (A) the cone beam computed tomography 
cross section at the baseline; and (B) vertical bone gain and horizontal bone width are measured on CT scans, taken during the second 
surgical stage, by using OsiriX software). VBG: Vertical bone gain; HBW: horizontal bone width.

Figure 4. Continuation of the case described in Figures 1 and 2: (A) the barrier was accidentally exposed due to chewing trauma after 
six weeks. The occlusive titanium barrier, perfectly immobilized, was left in situ for the entire healing period of nine months. No pain or 
swelling was reported for the remaining 7.5 months. (B) The clinical evidence of new regenerated bone is shown. (C) The detail of the 
orthopantomography at the baseline is shown. (D) The vertical bone augmentation at two years of follow-up is shown.

Prosthetic loading
After three months, the healing abutment was replaced with a permanent abutment, and acrylic resin 
provisional restorations were placed. They were left in situ for two months, before being replaced by 
definitive zirconia-ceramic restorations. One- and two-year clinical and radiographic follow-up was 
performed after prosthetic finalization for all the cases [Figure 7C and D] to verify the conditions of both 
soft and hard peri-implants tissues.

Data assessment
The following variables were statistically analyzed by an independent operator (Mirko Andreasi Bassi).

(1) Postoperative complications included OTB exposure and temporary paresthesia.
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Figure 5. Free gingival graft in two-stage guided bone regeneration procedure: (A, B) clinical and radiographic view of the bone loss 
caused by the periimplantitis occurred on the distal implant; (C) clinical view of the healed soft tissues three months after the 
explantation; and (D) cone beam computed tomography cross section of the treated area, at the baseline and nine months after the 
occlusive titanium barrier placement (Regenplate® Shape 2, Bio-Micron, Sweden & Martina, Due Carrare, Padova, Italy).

Figure 6. Continuation of the case described in Figure 5: (A) After nine months, the OTB was removed. The thin white layer of pseudo-
periosteum below the OTB was left in place to protect the new regenerated tissue. (B) Two implants (diameter 3.7 mm × 10 mm) were 
placed in the regenerated hard tissue. (C) A free gingival graft harvested from the palate was sutured crestally to the white connective 
layer, buccaly to the healing abutments immediately placed. (D) An image of 21 days healing of the free gingival graft is shown. OTB: 
Occlusive titanium barrier.

(2) Implant failures were assessed using survival rate (SVR).

(3) Prosthetic failures included loss of the prosthesis following implant failure or prosthesis replacement for 
any reason.
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Figure 7. Continuation of the case described in Figures 5 and 6: (A) the lateral view highlights the increased height of the attached 
keratinized tissue, as well as the creation of the new vestibule depth; (B) the prosthetic finalization with zirconia-ceramic crowns comes 
five months after the mucogingival surgery; (C) the Rx after one year of follow-up; and (D) the Rx after two years of follow-up shows 
the crestal bone stability and the progressive mineralization of the regenerated tissue.

(4) Average vertical bone gain (AVBG): for each case, this was represented by the mean value of maximum 
vertical regeneration achieved, on both vestibular/buccal and lingual/palatal sides, by means of CT scans, 
performed during the baseline and before the second surgical stage. The measurements were carried out by 
means of OsiriX software (v. 3.5.1-32bit, Pixmeo, Geneva, Switzerland) [Figure 3A and B].

(5) Average horizontal bone width (AHBW): for each case, this was represented by the maximum 
perpendicular linear distance between the more coronal-lingual/palatal point and the more coronal-
buccal/vestibular point of the regenerated hard tissue, measured on CT scans, performed during the 
baseline and before the second surgical stage. The measurements were carried out using the same software 
described above [Figure 3A and B].

(6) Average soft tissue thickness gain: the procedure was performed differently in the mandible and maxilla. 
For the mandible, the crestal incision was the same for the first and second surgical phases, thus the highest 
FT was measured twice with a periodontal probe (PQW, Hu-Friedy, Chicago, USA). This procedure was 
not performed for the maxilla because the design of the flap differed between the first and second stages. In 
the first stage, the crestal incision was shifted on the buccal/vestibular aspect to extend the palatal flap while, 
in the second stage, it was shifted on the palatal aspect to increase the thickness of KT, on the 
buccal/vestibular aspect. For this reason, the FT was measured with an Iwanson’s Dental Gauge Caliper 
(CLP1, Hu-Friedy, Chicago, USA), in the area of the flap immediately projected on the implant head. If 
more implants were placed, only the highest FT measure was recorded. The soft tissue thickness gain 
(STTG) for each case was obtained by the difference between the first and second FT measurements.

Data analysis
Data were collected and statistically analyzed. Descriptive statistics of the outcome measurements, assessed 
in the study, are presented as means, standard deviations, and percentage rates, while STTGs, VBGs, HBWs, 
and FTs were statistically compared, within the groups, by means of Student’s t-test, carried out with a 
confidence level of 95% (α = 0.05) (Primer Biostatistics Ver. 4.02i; McGraw-Hill Comp., USA).
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RESULTS
In total, 35 subjects (9 males; 26 females; mean age 60 ± 10.53 years) were enrolled in the study. The CBCT 
of all the treated sites showed a reduced thickness of the residual bone. Seventy two-piece implants (Screw-
Vent, Zimmer, Columbus, Ohio, USA) were placed. Forty-four implants (Group A) were placed during the 
first stage surgery while the remaining 26 implants (Group B) during the second stage surgery. The implants 
were finalized with a cemented zirconia-ceramic prosthesis (6 crowns and 29 bridges). At the two-year 
follow-up, after prosthetic finalization, all implants were in place (SVR = 100%). Prosthetic failures were not 
observed. The clinical appearance of the soft tissues was optimal and no pathological signs were recorded 
upon probing. The occurrence of postoperative complications was limited to OTB exposure and was 
observed in two cases (5.7%), both in the mandible, at four and six weeks after the first stage surgery. The 
exposures did not appear to compromise the healing and integration of the surrounding graft, and they 
were not associated with specific symptoms. At re-entry, the regenerated area was composed of well-
vascularized hard tissue; its consistency and appearance were similar to the adjacent healthy bone.

The AVBG in the grafted sites was 4.61 ± 2.36 mm (3.85 ± 1.6 mm for Group A and 6.08 ± 2.87 mm for 
Group B), while the AHBW was 9.41 ± 1.15 mm (8.93 ± 0.89 mm for Group A and 10.31 ± 1.08 mm for 
Group B) [Tables 1-3]. The fixtures replaced incisors, canines, premolars, and molars in, respectively, 3%, 
3%, 37%, and 57% of cases [Table 1]. In 20 cases (57.1%), the FT reached was ≥ 3 mm. In six cases within 
Group B (17.2%), a free gingival graft harvested from the palate area was sutured at the pseudo-periosteum 
over the newly regenerated tissue at the same time as implant placement and abutment connection, in order 
to increase the KT width and the vestibulum depth [Figures 5-7, Table 1].

The average STTG was 0.96 ± 0.6 mm [Table 1]. The VBG for implants placed in the second stage surgery 
(Group B) was significantly higher than those placed in the first stage (Group A) (P = 0.006) 
[Tables 2 and 3]. The greater value of HBW reached in Group B was highly significant compared to that 
exhibited by Group A (P = 0.000) [Tables 2 and 3]. No differences were found between Groups A and B 
regarding the FTs during both the first stage (P = 0.763) and second stage surgeries (P = 0.849) [Tables 2 and 
3]. No differences were found between Groups A and B concerning the STTGs in the upper and lower jaws 
(P = 0.113 for both). A highly significant difference was found for the FT before and after the GBR for all 
implants (P = 0.000). For Group B, this difference was highly significant as well (P = 0.000), while it was only 
significant for Group A (P = 0.017) [Tables 1-3]. A highly significant difference was found concerning the 
FT before and after the GBR in the two groups considered together, for both the upper and lower jaws (P = 
0.000 for both) [Table 1]. No differences were found concerning the STTGs between male and female 
patients considering the implants as a whole (P = 0.554) [Table 1].

DISCUSSION
The GBR is better documented through long-term follow-up studies compared to other bone augmentation 
techniques. Since the 1980s, a titanium mesh with different size perforations has been used as a device for 
bone augmentation to enable dental implant placement. Although the presence of these perforations 
enhances the blood supply from the flap and the bone graft, they may favor soft-tissue growth into the 
defect, reducing the volume of the hard tissue regenerated and making the barrier difficult to remove during 
the second surgery[20]. In vertical bone defects, the use of titanium-reinforced PTFE barriers, in association 
with biomaterials, is also well documented. However, due to its structural microporosity, PTFE is subject to 
rapid bacterial contamination in the case of exposure to oral fluids. This phenomenon is evident, for 
example, in PTFE sutures, which tend to change color a few days after surgery and generally must therefore 
be removed within a couple of weeks[21].
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Table 1. The parameters evaluated in the study

Implants Groups A and B

Patients Implants 
A

Implants 
B Sex Site

Age 
(years)

VBG 
(mm)

HBW 
(mm)

FTB 
(mm)

FTA 
(mm)

STTG 
(mm)

1 3 F 44-45-
46

72 5.5 9.8 1.5 2 0.5

2 3 F 34-36-37 72 5 10.5 1.5 2.5 1

3 3 M 45-46-47 51 5.5 10.5 2 2 0

4 2 F 24-26 54 7 9.3 2 3 1

5 2 F 46-47 67 6.5 8.8 1.5 2 0.5

6 3 F 44-45-
46

60 7 7.8 1.5 2 0.5

7 3 F 44-46-
47

77 3 9.5 1 2.5 1.5

8 2 F 35-36 48 4 8 2.5 3 0.5

9 1 F 46 48 3 7.5 1.5 1.5 0.5

10 2 F 36-37 67 4 10.5 1.5 2 0.5

11 2 M 24-26 76 11 9.3 2.5 3.5 1

12 2 F 25-26 67 4 8 2 3 1

13 2 F 46-47 74 6.5 11.5 2 4 2

14 2 F 36-37 74 6.5 11.3 1.5 3.5 2

15 2 F 44-46 72 9 11.5 2 2 0

16 2 F 34-36 72 11 11.8 2 3 1

17 1 F 46 40 5 10.5 2.5 3 0.5

18 2 F 16 60 4 10.5 2 3.5 1.5

19 2 F 13-23 68 4 8.8 1.5 3.5 2

20 1 F 34 59 3 8.5 2 3 1

21 2 F 46-47 65 2 9.5 2 3 1

22 2 M 42-31 58 2 8.5 1.5 3 1.5

23 2 F 46-47 42 3 9.5 2 3 1

24 1 M 47 52 5 9.5 1.5 3 1.5

25 2 M 14-16 61 2 10 2 3.5 1.5

26 2 F 14-15 56 4 8.5 2 2 0

27 2 F 46-47 57 6 9.3 1.5 2 0.5

28 2 M 35-36 55 4 7.8 1.5 1.5 0

29 2 F 35-36 43 4 8 1.5 2 0.5

30 2 M 14-15 61 2 10 2 4 2

31 1 F 46 51 2 9.5 1.5 2 0.5

32 3 M 15-16-17 57 3 8.2 2 3 1

33 2 F 15-16 62 3 9 2.5 4 1.5

34 1 F 15 55 2 9 2 3.5 1.5

35 2 M 46-47 41 3 9 1.5 2.5 1

Total 
implants

44 26

Mean 60 4.61 9.41 1.81 2.76 0.96

St. Dev. 10.526 2.358 1.149 0.365 0.721 0.599

Patients are indicated as numbers. Implants A: Implants placed with one-stage approach (Group A); Implants B: implants placed with two-stage 
approach (Group B); Site: site of implant placement; VBG: vertical bone gain; HBW: horizontal bone width; FTB: flap thickness before GBR; FTA: 
flap thickness after GBR; STTG: soft tissues thickness gain; St. Dev.: standard deviation.
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Table 2. Implants placed with one-stage approach

Implants Group A
Patients Implants

VBG (mm) HBW (mm) FTB (mm) FTA (mm) STTG (mm)

1 3 5.5 9.8 1.5 2 0.5

3 3 5.5 10.5 2 2 0

4 2 7 9.3 2 3 1

5 2 6.5 8.8 1.5 2 0.5

6 3 7 7.8 1.5 2 0.5

8 2 4 8 2.5 3 0.5

9 1 3 7.5 1.5 1.5 0.5

12 2 4 8 2 3 1

17 1 5 10.5 2.5 3 0.5

19 2 4 8.8 1.5 3.5 2

20 1 3 8.5 2 3 1

21 2 2 9.5 2 3 1

22 2 2 8.5 1.5 3 1.5

24 1 5 9.5 1.5 3 1.5

25 2 2 10 2 3.5 1.5

28 2 4 7.8 1.5 1.5 0

29 2 4 8 1.5 2 0.5

30 2 2 10 2 4 2

31 1 2 9.5 1.5 2 0.5

32 3 3 8.2 2 3 1

33 2 3 9 2.5 4 1.5

34 1 2 9 2 3.5 1.5

35 2 3 9 1.5 2.5 1

Total implants 44

Mean 3.85 8.93 1.83 2.74 0.93

St. Dev. 1.641 0.885 0.357 0.737 0.57

Patients are indicated as numbers. VBG: Vertical bone gain; HBW: horizontal bone width; FTB: flap thickness before GBR; FTA: flap thickness after 
GBR; STTG: soft tissues thickness gain; St. Dev.: standard deviation.

OTB has been proposed as an alternative to PTFE because, in the case of exposure of the device to the oral 
environment, it seems to better protect the graft thanks to its non-permeability to oral fluids. At the same 
time, the absence of connective tissue penetration through the occlusive surface makes the barrier removal 
easier. In the present study, a double surface OTB was used. Its smooth outer surface limits bacterial 
adhesion and plaque-related inflammation if accidentally exposed to the oral cavity. The importance of 
smooth outer surface texture in preventing early bacterial colonization and biofilm formation was 
previously demonstrated on dental implants along with the fact that the mild micro-roughness of the inner 
surface clinically enhances the adhesion of the blood clot and the bone growth[21,22]. Furthermore, 
Yamada et al.[29] and Ezirganlı et al.[30] demonstrated that barrier permeability is unnecessary to achieve 
successful bone regeneration. In previous studies, histological and histomorphometric analysis of human 
biopsies demonstrated the effectiveness of GBR by means of OTB, in combination with a composite 
allograft material[31]. The titanium barrier used in this study presents a thickness (120 microns) that allows 
easy contouring and adaptation to any ridge defect. These procedures can be performed outside the oral 
cavity on a printed STLM, which reduces the intra-surgical time and the risk of bacterial contamination, 
simplifying the clinician’s work. In this case series, two accidental early exposures of the OTB to the oral 
environment occurred, but a good regenerative result was still achieved [Figure 4A-D]. The OTB’s 
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Table 3. Implants placed with two-stage approach

Implants Group B
Patients Implants

VBG (mm) HBW (mm) FTB (mm) FTA (mm) STTG (mm)

2 3 5 10.5 1.5 2.5 1

7 3 3 9.5 1 2.5 1.5

10 2 4 10.5 1.5 2 0.5

11 2 11 9.3 2.5 3.5 1

13 2 6.5 11.5 2 4 2

14 2 6.5 11.3 1.5 3.5 2

15 2 9 11.5 2 2 0

16 2 11 11.8 2 3 1

18 2 4 10.5 2 3.5 1.5

23 2 3 9.5 2 3 1

26 2 4 8.5 2 2 0

27 2 6 9.3 1.5 2 0.5

Total implants 26

Mean 6.08 10.31 1.79 2.79 1

St. Dev. 2.867 1.077 0.396 0.722 0.674

Patients are indicated as numbers. VBG: Vertical bone gain; HBW: horizontal bone width; FTB: flap thickness before GBR; FTA: flap thickness after 
GBR; STTG: soft tissues thickness gain; St. Dev.: standard deviation.

exposure, if perfectly immobilized with screws and cleaned by the patient, does not appear to compromise 
the clinical outcome, providing predictable results even in case of accidental exposure[31].

This study also suggests a novel approach to immediate soft-tissue augmentation. In six cases, where the 
free gingival graft was necessary, this was performed at the same time as the barrier removal. The rationale 
for this approach is to exploit the potential of the white connective layer, which forms below the OTB and 
seems to represent a good and stable substrate for both revascularization and maturation of the free gingival 
graft [Figure 6A-D]. This immediate soft-tissue augmentation can theoretically improve the future crestal 
bone stability [Figure 7C and D], considering that a vertical soft tissue thickness between 3 and 4 mm has 
been demonstrated to be important for the crestal bone stability around implants through the years[32]. 
Moreover, for the majority (94.3%) of cases in this study, a spontaneous increase of STT was observed at the 
second surgical stage. This phenomenon, which could improve the volumetric stability of the regenerated 
bone around the implants, can be attributed to titanium biocompatibility and occlusivity of the device, 
which does not hinder the flap mobility and spontaneously increases the thickness of soft tissues over the 
OTB. Moreover, the flap passivation techniques are probably able to promote blood clot formation above 
the OTB, which leads to connective tissue increase and consequently to FT augmentation. It is difficult to 
compare the present promising results with the currently available data in the literature because there is a 
lack of studies on the increase of FT following GBR procedures.

In conclusion, GBR with OTB can be a viable option in the treatment of atrophic jaws. Within all the 
limitations of this study, we showed that the use of an OTB can lead to hard tissue augmentation even in the 
case of accidental exposure, as long as it has been properly fixed to the residual bone. Although OTB 
preshaping on an SLTM simplifies the surgical procedure, the GBR generally requires expert surgeons. 
While in the present study the choice of simultaneous or delayed implant placement was randomly made by 
the operator, we recommend a more cautious approach, advising, in the case of vertical bone augmentations 
≥ 4 mm, a staged implant placement. The delayed implant placement allows planning a more precise 
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prosthetic-driven implant placement, improving crestal bone stability over time[32,33]. In almost all cases, a 
spontaneous FT increase was observed at the second surgical stage. This phenomenon could be attributed to 
the biocompatibility and occlusivity of the OTB. These outcomes suggest the potential of this technique in 
augmenting hard and soft tissue in vertical defects and encourage further prospective studies aimed at 
confirming its effectiveness.
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