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Introduction

Tooth extraction is one of  the most widely performed 
dental procedures. After tooth extraction, soft tissue and 
alveolar bone healing are characterized by remodeling 
and reabsorption processes (Amler, 1969; Cardaropoli et 
al., 2003; Araujo and Lindhe, 2005; Ten Heggeler et al., 
2011) that occurs over a few weeks. The major remod-
elling of  an extraction site takes place during the first 
year, with 2/3 of  these changes occurring in the first 
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Abstract

Aims: This study aimed to determine the dimensional change in the alveolar ridge after 
using an anodized titanium membrane (Tseal) in association with bovine bone (BB) graft-
ing in damaged extraction sockets by cone-beam computerized-tomography. 

Materials and Methods: Fifteen patients who had one hopeless tooth with over 80% 
of the buccal wall lost were selected and then the teeth were carefully extracted.  The 
alveolar socket was filled with bovine bone and the Tseal was trimmed and adapted over 
the bone crest. The primary outcome variable was the change in the alveolar dimension 
(AD) measurements between baseline (T1) and 6 months (T2) after extraction in three 
points of analysis, 1mm, 3mm and 5mm below the palatal bone. 

Results: Bone regeneration was observed to occur between 87% and 116% of the AD 
assessed at the baseline. No statistical differences were observed. The mean AD value 
varied from 7.82±2.75 mm (T1) to 8.02±2.43 mm (T2) in the 1 mm point, from 7.99±2.67 
mm to 8.71±2.26 mm to 3 mm and 8.56±2.60 mm to 9.00±2.52 mm at 5 mm area. 

Conclusion: Bovine bone graft in association with Tseal achieved horizontal reconstruc-
tion of the alveolar crest in compromised socket within 6 months after surgery.

Keywords:  Bone augmentation, bone regeneration, titanium membrane, 
bone graft. 
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three months post-surgery (Schropp et al., 2003). The 
width of  the alveolar ridge may be reduced up to 50% 
during the remodelling period, corresponding to 5 to 7 
mm. In a systematic review evaluating the dimensional 
changes in the alveolar ridge after tooth extraction found 
a mean reduction of  3.8 mm in width and 1.24 mm 
in height within the first six months (Tan et al., 2012). 
These changes can compromise the esthetic outcome 
of  final restorations, either with implant placement or 
with traditional prosthetic procedures. Therefore, to 
minimize these changes, alveolar ridge preservation 
techniques have become a popular and are an important 
in guided bone regeneration (GBR) procedures. Several 
systematic reviews have confirmed the efficacy of  differ-
ent alveolar ridge preservation techniques to minimize 
post-extraction dimensional changes in alveolar ridges 
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after tooth extraction (Horvath et al., 2013; Vignoletti 
et al., 2012; Vittorini et al., 2013). Many materials have 
been studied including demineralized freeze-dried 
bone allograft (DFDBA) (Becker et al., 1994; Froum et 
al., 2002; Bianchini et al., 2009; Beck and Mealey, 2010; 
Clark et al., 2018) xenografts (Araujo and Lindhe, 2009b; 
Mardas et al., 2010) alloplasts (Ashman, 2000; De Risi 
et al., 2015) and PRF (Anwandter et al., 2016; Temmer-
man et al., 2016; Clark et al., 2018). GBR (using a variety 
of  barrier membrane materials) with or without bone 
grafts has also been extensively evaluated to assist in 
preserving alveolar ridge post tooth extraction (Mar-
das et al., 2010; Avila et al., 2014). Membrane exposure 
is considered to be detrimental in these procedures 
because it increases the risk of  infection and disturbs 
bone formation; therefore, in the context of  alveolar 
ridge preservation, a membrane that can be that can 
be leave exposure to oral cavity and one that do not 
interfere with bone formation can be useful.

It is important to highlight that that the above pre-
clinical and clinical studies supporting these alveolar 
ridge preservation techniques are all based on single 
tooth extractions and an intact extraction socket. 
Few studies have reported alveolar ridge preservation 
techniques in damaged extraction sockets (missing 
one or more bony walls), which can frequently occur 
due to periodontal and endodontic problems. In one 
study, one hundred patients who had at least one tooth 
with one or more missing bony walls (damaged extrac-
tion socket) were studied following the placement of  
either deproteinized bovine (DBBM) or porcine bone 
mineral (DPBM) for alveolar ridge regeneration (Lee et 
al., 2018). The authors found comparable hard tissue 
augmentation with minimal reductions in the grafted 
volume at 4 months after surgery. A case series analysis 
of  20 patients with damaged sockets, who underwent 
an alveolar ridge preservation procedure using an open 
dense polytetrafluoroethylene membrane technique in 
combination with allografts, found that this technique 
allowed the placement of  dental implants in all regener-
ated sites (Cheon et al., 2017). An open-healing approach 
for sockets with bone deficiency has been tested and 
found that the use of  a dense polytetrafluoroethylene 
(d-PTFE) membrane and freeze-dried allogenic bone 
substitute can be useful in alveolar ridge preservation 
and reduced horizontal bone resorption at l mm below 
the ridge crest in sockets with a bone deficiency (Sun 
et al., 2019). 

The aim of  this prospective case series analysis was 
to investigate the effect of  alveolar ridge preservation 
on the residual alveolar ridge dimensions when us-
ing a bovine bone graft in association with a titanium 
membrane in damaged extraction sockets at 6 months 
post-extraction. 

Materials and Methods

Subject population
In total, 15 healthy subjects, 10 women and 5 men in 
the age-range from 18 to 65 years, with indications for 
tooth extraction and subsequent implant placement 
were enrolled in this case series analysis. These sub-
jects received alveolar ridge preservation treatments at 
the Oral Implantology Clinic of  Guarulhos University 
(Guarulhos, SP, Brazil) between January 2018 and Oc-
tober 2018. The study protocol was approved by the 
Guarulhos University Ethics Committee in Clinical 
Research (IRB: 61544116.7.0000.5506). The study pro-
tocol was explained to each subject, and patients who 
agreed to participate in the study signed the term of  free 
and informed consent. All participants were prepared 
for surgery in accordance with accepted dental practice 
guidelines after appropriate demographic information 
and medical history data were collected. 

Inclusion Criteria
All subjects were in good general health and had at 
least one tooth indicated for extraction and subsequent 
implant placement. The inclusion criteria were: aged 
between 18 and 70 years of  age; anterior (incisor and 
canine) or posterior (pre-molar and molar) teeth; teeth 
presenting a buccal wall defect (damaged extraction 
sockets); a non-significant medical history and no cur-
rent use of  medications that might complicate results.

Exclusion Criteria
Subjects were excluded if  they had a history of  tobacco 
use within the last 6 months, healing disorders (i.e. dia-
betes mellitus, cancer, HIV, bone metabolic diseases), 
or had received systemic corticosteroids, immunosup-
pressive agents, radiation therapy, and/or chemotherapy 
within the past 6 months. Subjects taking intramuscular 
or intravenous bisphosphonates or who had allergies 
or sensitivity to alginate, latex, collagen or acrylic sub-
stances were also excluded; so were women who were 
pregnant, lactating or intending to become pregnant, or 
those participating in other clinical intervention studies.

Surgical Preservation Procedure
All subjects were treated by one trained and experienced 
dental surgeon (D.M.R). All patients received local anes-
thesia (Mepivalem Nova DFL, Rio de Janeiro, RJ, Brazil). 
One vertical incision in the mesial or distal region of  the 
adjacent tooth was made with a 15c scalpel blade then 
the anterior or posterior teeth were carefully extracted 
using a periotome (Hu-Friedy instruments, Chicago, 
IL, USA). After this, a full thickness flap was raised and 
granulation tissue was removed. The extracted tooth 
alveoli were filled with a bovine bone substitute (Bion-
novation Bonefill Porous Medium, Bauru, SP, Brazil). 
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According to the manufacturer, Bonefill Porous is a 
biphasic xenograft bone substitute consisting of  bovine 
hydroxyapatite produced without any thermal process. 
The sockets were then covered with a non-resorbable 
anodized titanium membrane (Bionnovation Titanium 
Seal). According to the manufacturer, Titanium seal 
(Tseal) is a 0.04 mm thick nonporous titanium mem-
brane, produced by an anodization process, with no 
electric charges. The titanium membrane was adapted 
and placed onto the buccal and lingual bone plate (4 
mm below) and then the flap was sutured with 5-0 ny-
lon sutures (Ethicon, Johnson & Johnson, São Paulo, 
Brazil), intentionally leaving the Tseal (Figure 1) exposed 
to the oral cavity.

Post-surgical Procedures
After surgery, all patients received 500 mg of  amoxicil-
lin (T.I.D for 7 days) and 750 mg Paracetamol (T.I.D. 
for 3 days) as well as 0.12% chlorhexidine digluconate 
solution (Periogard, São Paulo, SP, Brazil) for use twice a 
day for 14 days. In addition, all patients were instructed 
to discontinue tooth brushing in the surgical area dur-
ing this period. Fourteen days after surgery, the sutures 
were removed and 21 days after surgery the titanium 
membrane was removed without local anesthesia. On 
the same day that the titanium membrane was removed, 
an interim fixed prosthesis was inserted, using acrylic 
teeth or the crowns of  the extracted teeth. Special care 
was taken to avoid masticatory load in the grafted area. 
The patients were recalled for biofilm control and re-
inforcement of  oral hygiene instructions monthly until 
6 months after surgery. 

Outcome Variables
One week before the surgery, cone-beam computerized 
tomography (CBCT) images were taken (T1—baseline; 
Figure 2a & b) using a plastic photographic retractor 
(Januario et al., 2008). After 6 months, a second CBCT 
was taken (T2—6 months postoperative, (Figure 2a & 
b) as previously described. At baseline (T1) the distance 
between the palatal bone and the buccal aspect of  the 
tooth was recorded. The same analysis was repeated at 
6 months post-surgery and the distance between the 
palatal bone and the buccal bone wall was recorded at 
the same points. The measurements of  the horizontal 
width of  the alveolar socket (HW) to evaluate the 
distance between buccal and palatal bone distances, 
was always performed in the center of  the alveolus 
(distance between the two lateral teeth), 1mm, 3mm and 
5 mm above the palatal crestal bone (Primary outcome 
variable; Jung et al., 2013), (Figure 2 a & b). In addition, 
in the tooth to be extracted the distance between the 
mesial and distal alveolar bone crest and one fixed point 
in an adjacent tooth (e.g., cementoenamel junction, 
margin of  a prosthesis) was determined at baseline (T1) 
and 6 months post-extraction (Figure 2c & d). A single 
calibrated (Kappa test > 90%) examiner evaluated the 
following tomographic parameters between baseline 
and 6 months post-surgery. All CBCT examinations 
were acquired by a scanner (model iCat Classic, Imaging 
Sciences International, LCC, Hatfield, PA, USA), with 
0.25 mm slice thickness, reconstruction interval of  0.25 
mm, and exposure factors of  120 KV and 36.12 mAs. To 
evaluate the reproducibility of  the measurements (intra-
observer) all samples were measured in duplicate and 
the differences were tested using intraclass correlation 
coefficient analysis (Spin-neto et al., 2013). Data were 
stored in DICOM format and analyzed using the Ez3D 
Plus software (Vatech Global, Fort Lee, NJ, USA).

Figure 1. The titanium membrane was adapted and placed onto the buccal and lingual bone plate (4 
mm below) and then the flap was sutured intentionally leaving the Tseal exposed to the oral cavity.
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Statistical Analysis
The mean value of  HW (mm) at baseline and 6 months 
post-extraction, and the mean change between time 
points were computed for each subject and then aver-
aged across subjects. The percentage of  mean changes 
between time points were also evaluated. The Wilcoxon 
test was used to detect statistically significant differences 
between the two time points. The level of  significance 
was set at 5%.

Results

Fifteen patients participated throughout the entire study 
period and met all the inclusion criteria according to the 
established protocol for this case series analysis. A list of  
the extracted teeth is present in Table 1. No postopera-
tive complications were reported by any of  the patients 
or observed by the operator during the experimental 
period. All patients removed the titanium foil at 21 days 
post-surgery without any pain. 

Twelve maxillary teeth and three mandibular teeth 
were selected for this clinical study. Imaging assessment 
of  HW presented an increase and decrease value in 09 
and 06 subjects, respectively. The mean changes between 
baseline and 6 months post-surgery at 1mm, 3 mm 
and 5 mm points of  analysis are shown in Figure 3. An 

Figure 2. Cone-beam computerized tomography (CBCT) images taken at baseline (A&B). For the tooth to be 
extracted, the distance between the mesial and distal alveolar bone crest and one fixed point in an adjacent tooth (e.g., 
cementoenamel junction, margin of a prosthesis) was determined at baseline (T1) and 6 months post-extraction (C & D).

a b

dc

Subject Tooth* Gender Age
1 24 Female 45
2 24 Female 61
3 11 Female 62
4 21 Female 64
5 13 Female 18
6 37 Female 56
7 41 Female 45
8 15 Male 65
9 16 Male 65
10 26 Male 65
11 16 Female 34
12 26 Female 30
13 22 Male 43
14 11 Male 43
15 12 Female 40

Table 1: Demographic data of the clinical study. 

* FDI World Dental Federation notation
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Intergroup analysis showed no statistically significant 
differences between baseline and the 6 months in the 
linear evaluation at 1 mm, 3 mm and 5 mm areas of  
analysis. The average HW varied from 7.82 ± 2.75 mm 
(T1) to 8.02 ± 2.43 mm (T2) at 1 mm, from 7.99 ± 2.67 
mm to 8.71 ± 2.26 mm at 3 mm and from 8.56 ± 2.60 
mm to 9.00 ± 2.52 mm) at 5 mm above the palatal bone 
crest. The mean distance between the palatal bone and 
the buccal aspect of  the tooth increase between 0.19 ± 
1.0 mm, 0.72 ± 1.0 and 0.44 ± 0.7 at 1, 3- and 5-mm 
distance, respectively. The mean proportion changes 
between baseline and 6 months post-surgery at 1mm, 3 
mm and 5 mm points of  analysis is shown in Figure 4. 
This procedure increased the distance between the pala-
tal bone and the buccal wall of  the tooth by 4%, 12% and 
6%, at 1 mm, 3mm and 5 mm analysis, respectively. On 
an average this alveolar regeneration technique achieved 
100% of  the distance of  the buccal and palatal/lingual 
wall after tooth extraction. 

The mean values of  the absolute rate and percentage 
of  change in the mesial and distal interproximal bone 
crest height are shown in Figures 5 and 6. An Intergroup 
analysis showed no statistically significant differences 
between baseline and the 6 months evaluation (Figure 
5). On an average this treatment protocol achieved 

94% and 96% preservation in the mesial and distal 
interproximal bone crest height, respectively (Figure 
6). No differences were observed between mesial and 
distal bone preservation (p>0.05). 

Discussion

This case series analysis aimed to understand a ridge 
preservation approach in sockets with a severe buccal 
wall dehiscence defects using the titanium foil GBR 
concept. Few studies up to date have been focused on 
this type of  alveolar socket (Lee et al., 2015; Koutouzis 
and Lipton, 2016; Scheyer et al., 2016; Cheon et al., 2017 
; Lee et al., 2018, Sun et al. 2018). Since bone remodeling 
and soft tissue collapse and their interference in bone 
healing are very common in these types of  defects, they 
provide a critical methodological test. Therefore, we 
used the buccal wall of  the extracted teeth as a guide 
for the purpose of  quantifying the changes that occur 
in this type of  defect. The healing process differs be-
tween intact or damaged extraction sockets. In intact 
extraction sockets, the mean change in the buccolingual 
dimensional in the coronal portion of  the socket was 
35% (Araujo and Lindhe, 2009a). For damaged extrac-
tion sockets the mean reduction was two times more 
severe (Lee et al., 2015). The results showed that on an 

Figure 3. The mean changes between baseline and 6 months post-surgery at 1mm, 3 mm and 5 mm points of analysis.

Figure 4. The mean proportion changes between baseline and 6 months post-surgery at 1mm, 3 mm and 5 mm 
points of analysis 
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average this alveolar regeneration approach maintained 
around 100% of  the distance between palatal bone crest 
and buccal tooth wall (buccolingual dimensional) at 6 
months post-surgery. 

For the primary outcome variable of  this study, the 
amount of  horizontal ridge regeneration was considered 
good in all cases. Nine of  15 cases showed an increase 
in the linear measurement between bone crest and 
tooth wall at 6 months post-extraction, on an average 
the amount of  their increase was around 14.8 % of  the 
baseline measurement. Whereas 6 teeth lost some vol-
ume during healing period. At 6 months post alveolar 
preservation, the mean linear distance between buccal 
and palatal bone wall was 8.02 ± 2.75 mm. Clinically, all 
implants could be placed in all study sites. 

The data from our study are in agreement with other 
studies that aimed to study ridge preservation after using 
a bone substitute and a membrane were to regenerate 
damaged alveolar sockets immediately after tooth extrac-
tion (Lee et al., 2015; Koutouzis et al., 2016; Scheyer et al., 
2016; Cheon et al., 2017; Lee et al., 2018). A randomized 
clinical trial studying the dimensional change in the al-
veolar ridge after the use of  deproteinized bovine versus 
porcine bone mineral in damaged sockets in association 
with a collagen membrane reported comparable soft 
and hard tissue augmentation (Lee et al., 2018). After 4 
months post-surgery, minimal reduction in the grafted 

volume, and in the horizontal and vertical dimensional. 
In fact, the bovine graft showed 1.83 ± 2.85 mm and 
porcine graft, 1.22 ± 2.16 mm, with similar reduction 
in horizontal dimensional at 4 months post-extraction 
(Lee et al., 2018). In another study a very similar al-
veolar ridge preservation technique was reported using 
allograft bone graft in association with a high-density 
polytetrafluoroethylene (dPTFE) membrane in an 
“open membrane technique” in damaged extraction 
sockets (Cheon et al., 2017). The dPTFE membrane 
was removed after 4 weeks. Histomorphometric analysis 
found that the mean area of  new bone was around 28%, 
the remaining graft particle was 27% and there was 43 
% of  fibrous tissue at 4 months post-extraction. The 
authors concluded that this alveolar ridge preservation 
approach may be an appropriate technique for damaged 
sockets. In addition to these studies, we also analyzed 
the mean loss of  marginal bone in the mesial and distal 
areas. Our results showed that minimal changes occurred 
in the interproximal bone crest, very similar to the data 
reported by Cheon et al. (2017), who found a change of  
0.13 ± 0.06 mm in the mesial area and 0.15 ± 0.06 mm 
in the distal area. Therefore, the data found in our study 
were similar and even better than those cited, showing 
that the combination of  the bovine mineral graft and 
Tseal used here showed good results when compared 
with those cited in the previous literature. 

Figure 5 The mean values of the absolute rate of change in the mesial and distal interproximal bone crest height 
- An Intergroup analysis

Figure 6. The mean values of the percentage of change 
in the mesial and distal interproximal bone crest height
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Despite the good clinical results, the present study 
had some limitations. This was a case series analysis; 
and a randomized clinical trial with a large number of  
subjects should be conducted in order to confirm these 
results. It could also be argued that even more groups 
would need to be tested, such as the combination of  
bovine bone graft in an open or closed membrane 
approach. In addition, no soft tissue measurements 
were done. In addition, the protocol issues such as in-
tentional membrane exposure via socket entrance and 
healing time for implant placement should be evaluated 
in further studies. Therefore, this case clinical analysis 
should be interpreted conservatively, as a pilot study for 
the extended indication of  extraction sockets grafting. 

Conclusion 

In conclusion, the application of  bovine bone graft to a 
damaged extraction socket, covered with a Tseal resulted 
in substantial horizontal width preservation after tooth 
extraction. Further studies could be designed based on 
this study. 

Disclosure
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