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Occlusive Titanium Barrier for Immediate  
Bone Augmentation of Severely Resorbed  
Alveolar Sockets with Secondary Soft Tissue Healing:  
A 2-Year Case Series 

This case series evaluated bone dimensional changes following the application 
of an occlusive titanium barrier on severely resorbed fresh extraction sockets 
to achieve bone regeneration. Six extraction sites with buccal bone loss 
were filled with a xenograft and covered with a titanium plate fixed by two 
miniscrews and left intentionally exposed. No infection occurred. After 
4 months of healing, sufficient hard tissue had formed to allow implant 
insertion. Mean vertical bone gain was 7.3 ± 2.2 mm at the buccal side and 
4.2 ± 1.2 mm at the lingual side. The average bone width augmentation was 
23 ± 1.0 mm. At 24 months, all implants were clinically successful. Based on 
these preliminary findings, occlusive titanium barriers without primary closure 
may be successfully used in immediate alveolar reconstruction procedures. 
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Periodontal disease and uncon-
trolled endodontic infection often 
result in bone loss prior to tooth 
removal. During the healing phase, 
compromised extraction sites un-
dergo more pronounced additional 
atrophy than intact four-wall alveo-
lar sockets as a result of the natural 
remodeling process. A decrease of 
about 60% in the horizontal dimen-
sion was observed in the coronal 
portion of buccal bone–deficient al-
veolar sockets compared with a 35% 
reduction in intact extraction sites 
during the first 6 months of healing 
in the canine model.1,2 These mor-
phologic changes increase the diffi-
culty in placing the implant fixture in 
a prosthodontically suitable position 
and severely jeopardize the function 
and esthetics of the final prosthetic 
result. 

According to the classification 
of postextractive sites by Elian et 
al3 in type II and III alveolar defects 
with partial or complete loss of the 
buccal bony wall, guided bone re-
generation (GBR) procedures, either 
prior to or simultaneous with im-
plant placement, are recommended 
to recreate appropriate ridge shape 
and dimensions.4 The principle 
of GBR is to create a space with a 
barrier where the blood clot and 
the graft are mechanically and bio-
logically stabilized and protected.5 
Schenk et al6 demonstrated that 
bone regeneration progresses in 
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programmed steps, similar to the 
pattern of normal bone growth and 
development.6 

In recent years, the use of tita-
nium mesh or occlusive membranes 
has been proposed to restore defi-
cient alveolar bone in reconstructive 
implant surgery.7 Occlusive titanium 
barriers have been used in lateral 
bone ridge augmentation in hu-
mans and on the calvaria of rabbits 
and show increased rates of bone 
deposition and bone volume.8–10 

A previous study used occlu-
sive titanium barriers for bone aug-
mentation of fresh extraction sites 
with primary soft tissue closure.11 In 
spite of a rate of exposure of 46.7%, 
neither barrier infection nor impair-
ment of bone regeneration was ob-
served in any of the treated defects. 
The osteoconductive capability of 
titanium and its excellent mechani-
cal properties for stabilization of the 
bone graft and space maintenance 
are reported to play an important 
role in achieving successful bone 
regeneration.10 The lack of inflam-
matory response after titanium 
membrane exposure was confirmed 
in clinical studies in alveolar ridge 
reconstruction.7,12 

Based on these findings, the 
objective of the present prospective 
case series study was to introduce 
and evaluate the outcomes of an im-
mediate bone augmentation tech-
nique that combines the use of an 
occlusive titanium barrier left inten-
tionally exposed and a particulate 
bovine-derived xenograft in type III 
postextraction alveolar defects. 

Materials and Methods

Subjects

The study included six patients 
(three men and three women; mean 
age 49.7 ± 8.7 years) in need of tooth 
extraction and immediate bone 
augmentation for implant place-
ment. Hopeless teeth presented 
a keratinized tissue width ≥ 2 mm, 
extensive loss of the buccal bone 
plate, and vertical bone deficiency 
on the lingual aspect, as confirmed 
intrasurgically. All patients were sys-
temically healthy, had never smoked, 
and were not taking any regular 
medications associated with a com-
promised 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 Declaration of Hel-
sinki. All patients received instruc-
tions in oral hygiene and underwent 
etiologic periodontal treatment 
until full-mouth plaque and full-
mouth bleeding scores < 20% were 
reached. Surgical procedures were 
performed between February 2011 
and April 2013 by the same clinician 
(F.P.).

Surgical Procedure

All surgeries were performed with 
the use of ×3.5 magnification loupes 
(Fig 1). Before surgery, the patient 
rinsed with a 0.12% chlorhexidine 
solution for 1 minute. After local 
anesthesia, surgical access was 
achieved by elevation of a buccal 

mucoperiosteal flap according to 
previously detailed principles of the 
papilla preservation technique.13 
A vertical releasing incision was 
made distal to the surgical site only 
in cases where necessary for better 
access. Atraumatic tooth extraction 
was carried out and was followed by 
meticulous removal of all granula-
tion tissue (Figs 1a and 1b). 

Small holes were made on the 
cortical socket wall to induce bleed-
ing and infiltration of osteogenic cells 
from bone marrow spaces. The defect 
size was measured with a periodontal 
probe, and a commercially available 
occlusive titanium plate (Regenplate, 
Regenplate) was trimmed to com-
pletely cover the defect, taking care 
to keep the edge of the membrane 
a minimum of 1 mm from the adja-
cent roots. The titanium plate was 
0.12 mm thick and had different-sized 
holes regularly placed along its edge 
lines for engaging miniscrews. Great 
care was taken when cutting the bar-
rier. Every sharp edge was bent in-
ward to avoid damage to the flap and 
to create a dome shape to ensure ad-
equate graft stability. 

The socket was filled with partic-
ulate mineralized cancellous bovine 
bone chips (CopiOs, Zimmer Dental) 
(Fig 1c), and the graft was stabilized 
by the titanium barrier secured by 
two miniscrews or micropins on the 
buccal and/or lingual side of the 
ridge crest (Fig 1d). The flaps were 
repositioned and secured with hori-
zontal internal mattress sutures and 
interrupted sutures. The membrane 
remained partially exposed in the 
oral environment, and a secondary 
soft tissue healing was intentionally 
left (Fig 1e).
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Post-Therapy and Implant 
Insertion

All patients received antibiotics 
(amoxicillin and clavulanic acid 1g to 
be taken every 12 hours for 6 days), 
analgesic medication (ibuprofen 600 
mg, every 8 hours for 3 days if need-
ed for pain), and 0.12% chlorhexidine 
digluconate mouthrinse (1 minute 
three times per day for 4 weeks). A 
resin-bonded provisional pontic was 
used to replace anterior teeth.  

Patients were seen at 7 to 14 
days postoperative, at which time 
the sutures were removed, and again 

at 1 month to assess healing. Af-
ter 4 months, each patient returned 
for membrane removal and dental 
implant placement (Tapered Screw 
Vent, Zimmer Dental) (Fig 1f). A full 
fl ap was refl ected to remove the tita-
nium plate and to expose the alveo-
lar crest for dental implant insertion 
(Figs 1g and 1h). A one-stage surgical 
technique was used, and a delayed 
loading protocol was followed. The 
implant site was prepared to allow 
for crestal positioning of the implant 
shoulder at the interproximal aspect, 
and a healing abutment was con-
nected to the fi xture. The soft-tissue 

fl aps were approximated around the 
implants, leaving the abutment por-
tion of the implant exposed to the 
oral cavity and sutured with inter-
rupted sutures. 

Thereafter, patients entered in-
dividually tailored supportive peri-
odontal treatment based on the 
initial periodontal diagnosis. After 
3 months the healing abutment 
was replaced by a permanent abut-
ment, and acrylic resin provisional 
restorations were placed. They re-
mained in situ for 2 to 3 months, 
after which they were replaced by 
defi nitive restorations.

Fig 1 Clinical case illustrating the surgical 
technique. (a) Intraoperative view following 
removal of maxillary central and lateral 
incisors showing a type III defect at the lateral 
incisor. (b) Insertion of an implant to replace 
the central incisor. The fi rst threads of the 
implant were exposed. (c) Placement of the 
grafting material in the defect and distal to 
the implant. (d) Placement of the titanium 
barrier stabilized with a miniscrew on the 
buccal aspect. (e) Sutures with the barrier 
partially exposed. (f) Soft tissue healing at 4-month follow-up. (g) Barrier removal. The titanium membrane was incorporated in a 
layer of connective tissue. (h) Hard tissue with macroscopic features of mature bone was present under the barrier.
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Clinical and Radiographic 
Measurements of Bone  
Defect Size

Acrylic stents were fabricated on 
study casts to serve as fixed refer-
ences for measurement of vertical 
and horizontal dimensions of the 
alveolar bone defects at the time 
of extraction and at the reentry 
surgery (4 months) after removing 
the titanium plate. The horizontal 
buccolingual width was measured 
at the midpoint of the extraction 
socket as the distance between the 
most prominent points buccally and 
lingually. The vertical dimensions 
were recorded from fixed landmarks 
identified intrasurgically on the stent 
up to the apicalmost point of the 
defect at the buccal and lingual as-
pects. The percentage of regenerat-
ed bone in relation to the maximum 
vertical bone regeneration based 
on the height of the interproximal 
bone peaks was also determined. 

Peri-implant marginal bone lev-
els were evaluated on periapical 
radiographs taken at implant inser-
tion, at the time of prosthetic abut-
ment placement, and at 24 months 
after loading using the long cone 
paralleling technique and individual 
customized film holders (Dentsply 
Rinn). Crestal bone loss was deter-
mined by measuring the distance 
from the implant-abutment junction 
on the mesial and distal aspects to 
the level of the margin of the crestal 
bone. Peri-implant bone loss was 
presented as the mean change in 
mesial and distal values from im-
plant insertion for each implant and 
time point. At the 24-month follow-
up, the implant and prosthesis suc-

cess was evaluated. An implant 
was classified as successful when it 
fulfilled the criteria defined by Al-
brektsson and Zarb.14

Data Analysis

Descriptive statistics of the out-
come measurements assessed in 
the study are presented as means, 
medians, standard deviations, and 
ranges.

Results

The majority of extraction sockets 
were located in the maxillary arch 
(66.7%). Hopeless teeth displayed 
extensive buccal bone plate loss 
(> 5 mm) as a consequence of ad-
vanced chronic periodontitis (five 
cases), or internal root resorption 
(one case).

During the early healing phase, 
none of the exposed titanium barri-
ers demonstrated signs of infection 
or had to be removed prematurely. 
At 4 months, reentry surgery was 
performed to remove the mem-
brane and place the implants. A 
connective tissue layer 1 mm thick 
was present between the barrier 
and the regenerated tissue (Fig 1g). 
The sockets appeared completely 
filled by hard tissue, which on prob-
ing had the consistency of alveolar 
bone (Fig 1h). 

The results of the clinical param-
eters and radiographic evaluation 
are shown in Table 1. On surgi-
cal reentry at 4 months, the mean 
bone width augmentation was 2.3 
± 1.0 mm. A vertical reconstruction 

of the buccal and lingual walls was 
achieved at all sites with mean verti-
cal bone gains of 7.3 ± 2.2 mm and 
4.2 ± 1.2 mm, respectively, corre-
sponding to 92.7 ± 5.9% and 94.3 ± 
9.0% of the maximum vertical bone 
regeneration.

A total of six implants of at least 
3.7 mm in width were inserted in the 
augmented bone (implant diameters 
were 3.7 or 4.7 mm; lengths ranged 
from 10.0 to 13.0 mm). During the 
osteotomy preparation, significant 
resistance to the trephine bur was 
noted from the coronal extent of 
the ridge apically to the depth of 
implant placement. For all inserted 
implants, a tight implant bone fit (≥ 
35 Ncm) was achieved. In two cas-
es, an epithelial–connective tissue 
graft was placed over the surgical 
site to increase soft tissue volume in 
the anterior zone. In the remaining 
cases, the connective tissue formed 
under the titanium membrane was 
left partially exposed and healed 
by secondary intention. The tissue 
re-epithelialization was completed 
within 1 month. 

Minimal changes were detected 
in the bone level throughout the 
experimental period. At the 2-year 
follow-up, the average bone loss 
amounted to 0.8 ± 0.7 mm. Accord-
ing to the criteria proposed by Al-
brektsson and Zarb,14 100% of the 
implants were classified as success-
ful. A treated case is illustrated in 
Figs 2 and 3.

Discussion

In this case series, immediate bone 
augmentation of severely resorbed 
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alveolar sockets resulting from peri-
odontal disease or endodontic fail-
ure was performed effectively and 
safely using an occlusive titanium 
barrier without primary closure in 
conjunction with socket filling with 
bovine-derived bone graft material. 

In spite of the wealth of infor-
mation on the effectiveness of dif-
ferent ridge preservation protocols 
in maintaining the volume of type I 
sockets with intact four-wall configu-
rations,15 limited data is available on 
the immediate management of type 

II and III socket defects with bone 
tissue loss.16–18 In non–space-main-
taining alveolar sockets, the buccal/
lingual bone deficiency and the in-
adequate soft tissue volume make it 
difficult to ensure graft material sta-
bility and to obtain primary wound 
closure.

Previously, the use of a dense 
polytetrafluoroethylene (d-PTFE) 
membrane was proposed for re-
construction of extraction sites 
to eliminate the problem of par-
ticle migration while preventing 

soft tissue ingrowth in the healing 
socket.19 Due to its low porosity, this 
membrane could be left exposed 
with a low risk of infection. Previous 
case reports or case series reported 
favorable results when exposed 
d-PTFE membranes were used for 
ridge preservation.20 However, only 
limited information was provided 
for bone augmentation procedures 
for damaged extraction sockets.21 
It is worth noting that the exposed 
membranes were not secured to the 
alveolar crest but tucked under the 

Table 1  Results of Clinical and Radiographic Evaluation 

Case

Mean ± SD Median Range1 2 3 4 5 6

Sex Female Female Male Male Female Male

Age (y) 59 36 48 55 44 56 49.7 ± 8.7 51.5 36-59

Hopeless tooth (FDI) 12 16 14 11 42 32

BH (mm)
 Baseline 15 13 19 22 20 16 17.5 ± 3.4 12.5 13–22
 4 mo 7 7 15 13 13 6 10.2 ± 3.9 10 6–15
 Buccal BA 8 6 4 9 7 10 7.3 ± 2.2 7.5 4–10
 Buccal IBA 8 7 4 10 8 11 8.0 ± 2.4 8 6–15
 % Bone regeneration 100 85.7 100 90 87.5 90.9 92.7 ± 5.9 90.5 85.7–100

BL (mm)
 Baseline 11 10 18 17 18 11 14.2 ± 3.9 14 10–18
 4 mo 7 7 15 13 13 5 10.0 ± 4.2 10 5–15
 Lingual BA 4 3 3 4 5 6 4.2 ± 1.2 4 3–6
 Lingual IBA 4 3 3 5 5 7 4.5 ± 1.5 4.5 3–7
 % Bone regeneration 100 100 100 80 100 87.5 94.3 ± 9.0 100 80–100

BLW (mm)
 baseline 7 6 6 8 7 7 6.8 ± 0.7 7 6–8
 4 mo 9 10 9 10 8 9 9.2 ± 0.8 9 8–10
 Horizontal BA 2 4 3 2 1 2 2.3 ±1.0 2 1–4

Peri-implant bone loss (mm)a

  Prosthetic abutment  
placement

1 0.5 0 1 0 1 0.6 ± 0.5 0.75 0–1

 24 mo 1 1.5 0 1.5 0 1 0.8 ± 0.7 1 0–1.5
BH = height of the buccal crest from fixed landmarks to the apicalmost point of the alveolar crest; BA = bone augmentation;  
IBA = ideal bone augmentation based on interproximal bone peak level; BL = height of the lingual crest from fixed landmarks to the  
apicalmost point of the alveolar crest; BLW = buccolingual ridge width. 
aMesial and distal values were averaged to obtain a single value for each implant. 
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fl ap to stabilize the underlying bone 
graft. In addition, bacterial coloniza-
tion of the exposed membrane may 
elicit an overt infl ammatory reac-
tion in soft tissue during the healing 
phase. 

Neither complications nor signs 
of infection occurred during the 
early healing phase for this cohort of 
patients treated with the occlusive 
titanium barrier. After 4 months of 
healing, all sites exhibited suffi cient 
bone regeneration to allow implant 
insertion without any additional 
GBR procedure. No loss of keratin-
ized tissue width occurred.22

It is diffi cult to compare the 
present promising results with the 
currently available data in the lit-
erature. Only one study focused on 
the use of occlusive titanium mem-
brane combined with platelet-rich 
fi brin in immediate alveolar socket 
augmentation, reporting successful 
bone regeneration in spite of early 

membrane exposure in 46.7% of the 
postextractive sites.11 Recent clinical 
studies in humans reported favor-
able outcomes when fresh extrac-
tion sockets with a bone dehiscence 
> 5 mm at the buccal wall or show-
ing complete or partial buccal bone 
wall defi ciency were treated with the 
insertion of hydroxyapatite or corti-
cocancellous bone and resorbable 
collagen membrane.16,17 Although 
these collagen membranes have ex-
cellent cell affi nity and biocompat-
ibility and similar bone regeneration 
capacity to that of nonresorbable 
membrane, they require primary 
wound closure and have some 
drawbacks for GBR applications, 
including the loss of space-main-

Fig 2 Mandibular central incisor case. (a) Preoperative radiograph. (b) Intraoperative view showing 
a type III defect. (c) Cortical bone perforation. (d) Placement of a titanium barrier. (e) Sutures with 
the barrier partially exposed. (f) Soft tissue healing at 4-month follow-up. (g) Barrier removal. (h) 
Insertion of an implant in the regenerated bone. (i) Permanent abutment. (j) Radiograph at 2 years.

Fig 3 Defi nitive prosthetic rehabilitation at 
2 years.
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taining ability and poor mechani-
cal properties.7 However, the main 
challenge of bioabsorbable mem-
branes is to match their resorption 
time with the period of tissue forma-
tion, which in the case of GBR is ≥ 
6 months to support new bone for-
mation and maturation.23 Particulate 
grafting material alone is insufficient 
to attain ideal space maintenance 
beneath a membrane. In non–space 
maintenance defects treated with 
particulate material and resorbable 
membranes secured by fixation 
tacks, the final morphology of the 
regenerated hard tissue is unpre-
dictable.24 In such large defects, the 
use of nonresorbable titanium-rein-
forced PTFE barriers and titanium 
mesh in association or not with bio-
materials was suggested.4,7,24 This 
treatment provides superior space 
maintenance, and due to the pres-
ence of the holes in the mesh does 
not interfere with the blood supply 
to the underlying tissues and bone 
grafting material. However, holes 
may favor soft tissue downgrowth 
into the defect, limiting bone tissue 
regeneration and making the mate-
rial difficult to remove at the second 
surgery.7 Moreover, the stiffness 
of the titanium mesh may result in 
mechanical irritation to the muco-
sal flap leading to exposure of the 
membrane.7

In the present study, an occlu-
sive titanium plate was used without 
primary wound closure. Its smooth 
outer surface limits bacterial ad-
hesion and plaque-related inflam-
mation when exposed to the oral 
cavity. The importance of surface 
texture for early bacterial coloni-
zation and biofilm formation was 

previously demonstrated on dental 
implants.25 Furthermore, the limited 
adhesion to the underlying tissue 
made it easy to remove the barrier.

The occlusivity and stiffness 
of the titanium barrier provide suf-
ficient space maintenance to allow 
the migration of angiogenic and os-
teogenetic cells into the regenera-
tive space while stabilizing the bone 
substitute and the coagulum. In this 
study, alveolar defects were filled 
with particulate mineralized cancel-
lous bovine bone. A histologic study 
in the porcine model achieved fa-
vorable outcomes in critical-sized 
defects and reported no residual 
remnants of the grafting material 
and a mineralization rate compara-
ble to that of autologous bone after 
12 weeks of healing.26

In contrast to previous stud-
ies27,28 suggesting that occlusive 
membranes may inhibit bone forma-
tion by hampering the penetration of 
nutrients and growth-regulatory fac-
tors into the barrier protected site, 
Schmid et al29 demonstrated that 
barrier permeability is unnecessary 
to achieve successful GBR. The for-
mation and stabilization of a blood 
clot, along with the replacement of 
the clot with a provisional matrix, 
might determine whether defect res-
olution will occur in a manner similar 
to traditional GBR procedures.30

Several steps are involved in ap-
plying a conventional titanium barrier 
to a defect: bending, trimming, and 
fixation. These barriers are technical-
ly demanding, time consuming, and 
highly influential with respect to the 
regenerative outcomes. The barrier 
used in this study presents a plastic-
ity that permits easy contouring and 

adaptation to any unique postex-
tractive alveolar defect. These pro-
cedures are performed outside the 
oral cavity, which reduces the risk of 
bacterial contamination. As stabili-
zation of the membrane is critical in 
GBR, this barrier has prefabricated 
holes along its edges for easy inser-
tion of miniscrews. It has been wide-
ly demonstrated that mechanical 
stress on the healing graft may lead 
to excessive disruption of the initial 
fibrin clot. 

Conclusions

As in any reconstructive surgical 
technique, defect selection is criti-
cal to success. Immediate recon-
struction of severe alveolar bone 
defects may reduce future need 
for more complex surgical inter-
ventions and treatment cost for the 
patient. Even if submerged heal-
ing is always desirable, the use of 
an inert titanium barrier may rep-
resent a great advantage in bone 
regeneration in case of accidental 
or intentional exposure of the bar-
rier. Further studies with higher 
patient numbers and long-term 
follow-up are needed to validate 
this procedure in comparison with 
conventional resorbable and non-
resorbable membranes.
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