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Titanium membranes used as barrier element in guided bone regeneration procedures. These membranes prevent the
penetration of epithelial cells and fibroblasts and allow access to the bone defect of osteogenic and stem cells originating
from the native bone. They have different formats, from a titanium sheet to be formed intraoperatively to a custom-made
occlusive barrier from a previous computed tomography scan of the bone defect.
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| 1. Introduction

The four classical principles of guided bone regeneration (GBR) are primary closure, angiogenesis, space maintenance
and blood clot stability & (Figure 1).

Based on these concepts, different techniques and a wide variety of biomaterials have been developed with the aim of
achieving greater predictability, lower risk of complications, lower morbidity and shorter operative time in this type of
treatment, which is becoming more and more common @&l Research on new biomaterials for bone regeneration is
advancing rapidly; even recently they have been manufactured by combining biopolymers and natural nanoparticles 2!,
Ideally, the proposed method should provide a solution to the four precepts 23],

On the other hand, the properties that an ideal biomaterial should fulfill are osteogenesis, osteoconduction and
osteoinduction. Therefore, autologous bone is considered the gold standard [&. However, the great resorption, the
unlimited availability, the morbidity and the longer surgical time represent inconveniences in its use. That is why a
combination of several biomaterials is generally used in GBR procedures 2=,
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Figure 1. Guided bone regeneration (GBR) mechanism. (a) Bone defect. (b) The titanium barrier prevents the penetration
of epithelial cells and fibroblasts and allows access to the defect of osteogenic and stem cells originating from the native
bone. (c) Regeneration of the bone defect. Abbreviations: B, bone; D, defect; Ht, healing tissue; Ib, immature bone; Tf,
titanium foil.

Since clot formation is the first and essential step in bone healing &, in the last years, there have been numerous
studies that focus on the use of blood concentrates (platelet-rich plasma (PRP), platelet-rich fibrin (PRF) and platelet-rich
growth factor (PRGF)) in these surgical procedures [I[1[L1]

However, due to the presence of erythrocytes, blood has a greater capacity to generate thrombin and activate platelets
than these concentrates 12, Likewise, the lower porosity and density of the fibrin layer present in the complete clot
facilitate cell migration 22, However, to benefit from its properties, it would be necessary to at least maintain the space
and stabilize the clot 141151116]



To comply with these two principles, there are different types of membranes or barrier elements, such as titanium-
reinforced polytetrafluoroethylene membranes, perforated titanium meshes and titanium foils 128l The main drawback
of the first two is the high exposure rate, associated with a high failure rate BISIL8] However, titanium barriers tolerate

prolonged exposure to the oral environment, with good hygiene and the use of antiseptics to avoid bacterial colonization
being essential [1220121]

Several studies published in recent years defend the use of these barrier elements in the regeneration of large maxillary
atrophies [20[211221123[24] iy post-extraction socket reconstruction L2[25128] in the regeneration of periodontal defects 221
and even simultaneously with implant placement [28],

The concept of using these barriers is to take advantage of the properties of the blood clot, which is why, in some studies,
they are used without biomaterial filling 2124l; although, in other publications, these membranes have been used in
combination with PRF 22, allograft [29221231[29] yenograft (2511281301 mixed autograft and allograft Bl or even tricalcium p-
phosphate 28],

| 2. Discussion

According to the results obtained in the present systematic review, the horizontal bone gain was between 2.3 and 9 mm
(221[25][26][29(30] ' 4nd the vertical between 4.5 and 7.3 mm [2228181 These last values without taking into account the
randomized clinical trial in which alveolar ridge preservation of well-conserved post-extraction sockets was performed, in
which the mean vertical gain was greater than 8 mm 22,

In a recent RCT comparing vertical bone gain by using d-PTFE titanium-reinforced membranes or titanium meshes, a gain
of 4.2 + 1.0 mm (range 2.7-5.8) and 4.1 + 1.0 mm (range 2.6-6.3) was obtained, respectively 3. Likewise, a meta-
analysis obtained similar results, with a mean vertical bone gain of 4.42 mm by using non-resorbable membranes (d-
PTFE and e-PTFE), of 4.26 mm by using titanium meshes covered by resorbable membranes and of 5.2 mm by using
titanium meshes alone [24],

Based on these data, it appears that the use of titanium foils is predictable in terms of the amount of bone gain, regardless
of the filling material, and the gain may be even higher than with the use of other commonly used non-resorbable
membranes or meshes.

With regard to horizontal bone gain, the values obtained in the different studies analyzed are very heterogeneous and do
not seem to be related to the filling material used either. Other studies in which horizontal regeneration procedures were
performed with collagen membranes and particulate grafts obtained average bone gains of 2.27 + 1.68 mm 2], 568 +
1.42 mm 38 and 5.03 + 2.15 mm B4, Thus, it seems that, in terms of horizontal bone gain, titanium barriers are
comparable to collagen membranes, the most widely used in horizontal ridge augmentation procedures.

Based on the included articles, there is no evidence to believe that a filling material is better than another or even blood
clot, in combination with occlusive titanium barriers. Furthermore, this type of membrane could be useful in the
regeneration of defects of different types, from contained defects such as a post-extraction socket to a combined vertical
and horizontal defect such as a posterior mandibular atrophy.

Regarding complications, it appears that titanium foils are prone to exposure, as is the case of titanium meshes and non-
resorbable membranes with titanium reinforcement. The mean exposure rate in the present work was 23.81% (range 0—
5006) [19122][24][30][31](38](391[4011411(32]142] g the mean infection rate was 1.19% (range 0—11.99%) [L21[22](251(26](28129][30](31](32]

41 If these results are compared with those of other studies, it can be observed that the rate of postoperative

complications of titanium foils is slightly higher than that of GBR procedures with other types of membranes. In an RCT in
which the rate of complications in vertical ridge augmentation was evaluated through the use of titanium meshes covered
with collagen membranes and the use of non-resorbable membranes with titanium reinforcement, a postoperative
complication rate (exposure and infection) of 21.1% and 15% was obtained, respectively 33l. A meta-analysis obtained an
intra- and postoperative complications rate of 21% for titanium meshes covered with resorbable membranes, of 6.9% for
non-resorbable membranes and of 20% for titanium meshes [24],

In different studies on the use of native collagen membranes in horizontal bone regeneration, a percentage of
complications of 3.2% [38 and 0% BZ was recorded. In a recent meta-analysis, an exposure rate of 28.62% for
crosslinked membranes and of 20.74 for non-crosslinked membranes was obtained 32,

The postoperative complication rate of titanium barriers was higher than that of native collagen membranes and non-
resorbable titanium-reinforced membranes, and similar to that of crosslinked collagen membranes and titanium meshes.



It must be taken into account that the complication rate obtained in this systematic review is surely lower than the real one
in the included studies, since, in some articles, patients were excluded due to membrane displacement 41 or very
premature exposure 24, not taking into account these cases in the complication rate reported. Furthermore, in two of the

studies, some exposed membranes are associated with graft failure, but it is not specified whether it is due to graft
infection (24142,

On the one hand, some of the included articles defend that the exposure of the titanium foil does not influence the
success of the GBR 1222]32]141]  ayen if one of them sustains that the very early exposure favors the increase in width of
the attached gingiva, unlike what happens with a later exposure (22, On the other hand, two studies support that early
exposure (before 14 days) has a worse prognosis than late exposure, with very poor bone gain [24142],

From the results obtained, it appears that the survival rate of implants placed in regenerated bone is similar to that of
implants placed in native bone 3!,

This review is based on the scant scientific literature published on the matter so far, and, for the moment, it is the only
existing systematic review, so the results obtained cannot be compared and cannot be given much value. Other limitations
are the heterogeneity of the included studies, the small sample size of some of them and the lack of information regarding
bone gain or membrane removal. For these reasons, a quantitative analysis could not be performed.

| 3. Conclusions

Based on the data presented above, titanium membranes in GBR should be considered as an incipient technique,
versatile in terms of the type of bone defect to regenerate, in which there is still no evidence of the need of filling material
and which is the most appropriate, that can better tolerate exposure than titanium meshes and titanium-reinforced non-
resorbable membranes and that can be tailored to the patient’'s bone defect.

More randomized clinical trials comparing occlusive titanium barriers and other types of membranes are necessary to
obtain more robust data that allow us to reach solid conclusions regarding the predictability and complications rate
associated with the use of titanium foils, and how to manage complications when they occur.
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