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Abstract 

Bone grafting before dental implants are placed is one of the most common procedures nowadays in dentistry. The reality is that 

CBCT and also CAD-CAM technology have changed all what has to be related to it. Customized titanium meshes (CTMs) have 

become a reliable option for guided bone regeneration (GBR), allowing precise anatomical reconstruction of alveolar defects 

through CAD/CAM technology. Their rigidity, biocompatibility, and design flexibility provide superior mechanical stability and 

soft-tissue management compared with conventional collagen membranes or PTR membranes. This review analyzes the 

biological, technical, and clinical advantages of CTMs, summarizing current evidence on their predictability, technical 

considerations, and limitations. Additionally, it explores the role of digital planning and 3D printing in optimizing surgical 

outcomes, minimizing intraoperative adjustments, and improving patient-specific adaptation. CTMs have demonstrated high 

success rates in maintaining space for bone regeneration, reducing complications such as mesh exposure, and achieving 

satisfactory aesthetic and functional results. The review also discusses potential complications, handling protocols, and 

long-term clinical follow-up. Furthermore, it presents two cases in which Element® Customized Ti-Meshes were used, showing 

excellent integration and bone volume stability. After successful osteointegration of the bone graft, dental implants were placed, 

achieving predictable and stable restorative outcomes. 
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1. Introduction 

Alveolar ridge atrophy is a common clinical challenge that 

compromises implant placement and long-term stability. The 

loss of bone volume following tooth extraction, trauma, or 

infection can lead to significant horizontal and vertical defi-

ciencies, necessitating regenerative interventions prior to 

implant installation [1, 2]. 

Guided bone regeneration (GBR) has been established as a 

predictable technique to reconstruct such defects, using bar-

rier membranes to exclude soft-tissue invasion and maintain a 

protected space for osteogenesis [3]. Among the available 

http://www.sciencepg.com/journal/ijcoms
http://www.sciencepg.com/journal/368/archive/3681102
https://orcid.org/0009-0000-7158-5243
https://orcid.org/0009-0003-0567-9884
http://www.sciencepg.com


International Journal of Clinical Oral and Maxillofacial Surgery http://www.sciencepg.com/journal/ijcoms 

 

83 

barrier materials, titanium meshes have demonstrated superior 

mechanical properties, biocompatibility, and dimensional 

stability [4, 5]. 

However, traditional meshes require manual adaptation 

during surgery, a process that can be time-consuming and 

prone to inaccuracies. Improper fit may create dead space or 

soft-tissue tension, increasing the risk of dehiscence or early 

exposure [6]. The introduction of customized titanium meshes 

(CTMs) digitally designed and fabricated via CAD/CAM 

technology—has addressed these limitations. Using 

cone-beam computed tomography (CBCT) data and virtual 

planning, CTMs are designed to precisely match the patient’s 

defect morphology, resulting in an individualized, pre-shaped 

scaffold ready for intraoperative placement. Customized 

titanium meshes (CTMs) have now become a reliable option 

for GBR, allowing for precise anatomical reconstruction of 

alveolar defects. Their inherent rigidity, excellent biocom-

patibility, and design flexibility provide superior mechanical 

stability and soft-tissue management compared with conven-

tional collagen membranes or pre-formed titanium-reinforced 

(PTR) membranes. This review analyzes the biological, 

technical, and clinical advantages of CTMs, summarizing 

current evidence on their predictability, technical considera-

tions, and limitations. Additionally, it explores the central role 

of digital planning and 3D printing in optimizing surgical 

outcomes, minimizing intraoperative adjustments, and im-

proving patient-specific adaptation. [7, 8]. 

This innovation enables clinicians to achieve greater pre-

cision in graft volume control, reduce surgical time, and 

improve soft-tissue adaptation [9]. Furthermore, the combi-

nation of CTMs with particulate xenografts or autogenous 

bone facilitates predictable regeneration of both horizontal 

and vertical defects, with reduced morbidity compared to 

block grafts [10, 11]. 

The following review summarizes the biological and me-

chanical advantages of CTMs, discusses their clinical out-

comes, and outlines their potential limitations, based on 

current scientific literature. And presents a couple of cases, in 

which ELEMENT® (C/Riera Montealegre 50, Badalona, 

Barcelona Spain) customized Ti-meshes were used in two 

different situations. 

2. Materials and Methods 

A comprehensive search was conducted in PubMed, Sco-

pus, and Web of Science databases for studies published 

between 2010 and 2023. Search terms included “customized 

titanium mesh,” “guided bone regeneration,” “CAD/CAM 

titanium,” “ridge augmentation,” “Bone grafting” and “im-

plant reconstruction.” Both clinical and preclinical studies 

describing the design, application, and outcomes of CTMs 

were included. Systematic reviews, randomized clinical trials, 

and prospective case series were prioritized. We excluded all 

the papers which spoke about Ti-meshes which were not 

customized. We also present two cases in which Element® 

Customized Ti-Meshes were used, showing excellent inte-

gration and bone volume stability. After successful osteoin-

tegration of the bone graft, dental implants were placed, 

achieving predictable and stable restorative treatments. 

Clinical Cases: 

a) The first case we present; is a male of 57 years with no 

pathologies associated, which had a severe bilateral atrophy 

of the posterior mandibula. In which finally Dr. Mayo placed 

two implants on both sides after removing both Ti-meshes 

after 5 months. It must be considered that he removed both 

ELEMENT® Customized Titanium Meshes and waited two 

months more to place the implants in the regenerated areas. 

The bone graft was composed of 70% autogenous and 30% 

xenograft. And both meshes were covered by a collagen 

membrane. 

 
Figure 1. Initial Xray. Case A. 

 
Figure 2. Customized Ti-mesh Placed with Bone Graft on left Side. 

Case A. 

 
Figure 3. Collage Membrane Placed. Case A. 

 
Figure 4. Suture Left Side. Case A. 
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Figure 5. Customized Ti-mesh Placed on Right Side. Case A. 

 
Figure 6. Customized Ti-mesh Placed with Bone Graft on Right Side. 

Case A. 

 
Figure 7. Suture Right Side. Case A. 

 
Figure 8. Bone Graft. 

 
Figure 9. Implants Placed Left Side. Case A. 

 
Figure 10. Implants Placed Right Side. Case A. 

 
Figure 11. Suture Left Side. Case A. 

 
Figure 12. Suture Right Side. Case A. 

 
Figure 13. Final Xray after Bone Grafting. Case A. 

 
Figure 14. Final Xray with the 4 Implants Placed. Case A. 
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b) The second case; is a female of 62 years old. With no 

systemic pathologies. She presented an important posterior 

mandibular bone resorption on her left side. Where Dr. Mayo 

placed an ELEMENT® Customized Titanium Mesh for bone 

grafting the area, in order to place dental implants around 6 

months after the surgery. The bone graft in this case was 

composed of 50% autogenous and 50% xenograft. And also, 

again the mesh was covered by a collagen membrane to avoid 

soft tissue infiltration. 

 
Figure 15. Opened Flap with Holes to Stimulate Bone Generation. 

Case B. 

 
Figure 16. Customized Ti-Mesh Checked, Covering the Defect. Case 

B. 

 
Figure 17. Bone Graft. Case B. 

 
Figure 18. Customized Ti-Mesh Placed and Filled with Bone Graft 

Case B. 

 
Figure 19. Mesh Covered with a Collagen Membrane. 

 
Figure 20. Final Suture Case B. 

 
Figure 21. Biomodel 3D. Case B. 

 
Figure 22. Two Months after Surgery Case B. 

 
Figure 23. Final Xray after Surgery Case B. 
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Figure 24. Two Months Postoperative Revision Xray Case B. 

 
Figure 25. Digital Design Case A. 

 
Figure 26. Digital Design Case B. 

3. Results and Discussion 

3.1. Precision and Anatomical Fit 

Digitally fabricated CTMs demonstrate an exact adaptation 

to the underlying bone, minimizing intraoperative modifica-

tions. This accuracy ensures a uniform graft thickness, avoids 

compression of the soft tissue, and reduces exposure rates [7, 

12]. The intimate contact between mesh and host bone en-

hances the stability of the grafting material and facilitates 

neovascularization. 

3.2. Mechanical Stability and Space 

Maintenance 

Titanium’s stiffness allows maintenance of the regenerative 

space under soft-tissue pressure, which is crucial for bone 

regeneration. CTMs distribute mechanical loads evenly and 

prevent collapse of the graft, ensuring long-term dimensional 

stability [4, 13]. Unlike resorbable membranes, CTMs main-

tain volume even in vertical augmentations exceeding 5 mm 

[9]. 

3.3. Soft-Tissue Behavior and Healing 

The smooth, contoured surface of customized meshes 

contributes to better soft-tissue adaptation and tension-free 

closure. Several authors report significantly reduced exposure 

rates compared with manually bent meshes—between 10% 

and 15% versus 25%-40% in traditional designs [8, 14, 19]. 

This improvement is attributed to the pre-surgical design of 

convex surfaces that respect the natural mucosal profile. 

3.4. Clinical Efficiency and Reduced Morbidity 

The pre-manufactured design minimizes chair-time and 

intraoperative manipulation, reducing contamination risks 

and surgical stress. Digital planning also facilitates virtual 

simulation of implant positioning, improving prosthetic 

alignment and reducing the need for secondary corrections 

[10, 15]. 

3.5. Biological Performance and Bone Gain 

CTMs provide an optimal environment for osteoconduction 

by combining mechanical rigidity with permeability for 

vascular ingrowth. Reported bone gains range from 4-8 mm 

horizontally and 3-6 mm vertically, with histologic evidence 

of mature, vital bone formation suitable for implant placement 

[9, 16, 17, 19]. These outcomes are comparable or superior to 

those achieved with block grafts or resorbable membranes. 

3.6. Limitations and Future Perspectives 

Despite their benefits, CTMs still require a second surgery 

for removal, and exposure—though less frequent—remains 

the most common complication [5, 14]. Advances in ultra-thin 

titanium, laser-microtextured surfaces, and hybrid titani-

um-resorbable composites may reduce these drawbacks. 

Future research should focus on surface modifications that 

enhance soft-tissue integration and possibly enable partial 

resorption. 
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3.7. Digital Workflow Integration 

The integration of digital technologies such as CBCT im-

aging, intraoral scanning, and CAD/CAM design allows 

clinicians to achieve unprecedented precision in preoperative 

planning. Through virtual surgical simulations, the clinician 

can visualize bone defects, predict graft volume, and cus-

tomize the mesh morphology according to the patient’s spe-

cific anatomy. This workflow not only increases surgical 

predictability but also enhances interdisciplinary communi-

cation between surgeons, prosthodontists, and dental techni-

cians. Additionally, the ability to virtually align implant posi-

tions prior to mesh fabrication ensures prosthetically driven 

outcomes and minimizes postoperative adjustments. [8]. 

3.8. Material Innovation and Surface 

Optimization 

Recent advancements in material science have led to sig-

nificant improvements in the properties of titanium meshes. 

Modifications such as laser microperforations, anodized 

coatings, and nano-textured surfaces have been shown to 

promote better tissue adhesion and facilitate early vasculari-

zation. These innovations reduce bacterial colonization and 

may decrease the risk of soft-tissue dehiscence. Research is 

ongoing into combining titanium with bioactive materials, 

such as hydroxyapatite or collagen, to create hybrid meshes 

that maintain mechanical strength while encouraging faster 

and more predictable bone regeneration. 

3.9. Clinical Outcomes and Long-Term Stability 

Clinical studies consistently demonstrate that CTMs pro-

vide predictable and stable results, with survival and success 

rates of dental implants placed in regenerated sites compara-

ble to those in native bone. Long-term follow-ups indicate 

minimal resorption of regenerated bone, maintaining both 

vertical and horizontal dimensions over several years. Patient 

satisfaction is also high, due to reduced surgical discomfort 

and improved esthetic outcomes. Moreover, CTMs facilitate 

precise prosthetic rehabilitation, ensuring optimal occlusal 

function and soft-tissue harmony in the final restoration. [14, 

15]. 

3.10. Cost-Effectiveness and Practical 

Considerations 

Although customized titanium meshes may involve higher 

initial costs due to digital design and manufacturing, the 

overall treatment efficiency offsets these expenses by reduc-

ing surgical time, minimizing complications, and improving 

predictability. The reduction in postoperative interventions 

and the increased success rate of implant placement contribute 

to a favorable cost-benefit ratio. In clinical practice, CTMs 

streamline workflow and enhance patient confidence through 

minimally invasive, digitally guided procedures. As produc-

tion technologies become more accessible and standardized, 

the cost gap between customized and conventional solutions 

is expected to narrow, making CTMs a practical and eco-

nomically viable option for guided bone regeneration. 

[16-18]. 

4. Conclusions 

Customized titanium meshes (CTMs) represent one of the 

most significant advancements in the field of comput-

er-assisted bone regeneration. In particular in one of the cases 

we present (B), we gain more the 5mm length and 4mm wight 

in the zone it was grafted using Customized Element® (Riera 

Montealegre 50, Badalona. Barcelona, Spain) Ti-meshes. 

Their introduction has reshaped the approach to alveolar ridge 

augmentation, providing clinicians with the ability to virtually 

plan, design, and execute reconstructions that are anatomi-

cally precise, mechanically stable, and biologically sound. 

In our experience the advantages of CTMs extend beyond 

mechanical performance. Their patient-specific design en-

sures intimate adaptation to the underlying bone, thereby 

reducing dead space, surgical time, and intraoperative ma-

nipulation. The biocompatibility of titanium, combined with 

its stiffness and corrosion resistance, provides an ideal envi-

ronment for predictable osteogenesis. Furthermore, improved 

soft-tissue integration contributes to lower exposure rates and 

enhanced wound healing, making CTMs particularly suitable 

for challenging vertical and combined defects, [17, 18]. 

From a clinical perspective, CTMs yield reproducible re-

sults, with reported implant survival rates above 95% and 

consistent bone volume stability at 1-5 years post-surgery [8, 

9, 16]. The digital workflow promotes interdisciplinary col-

laboration and reduces procedural variability, aligning with 

the principles of minimally invasive and prosthetically driven 

implantology. 

However, continued research is essential to refine design 

parameters, surface properties, and biomaterial combinations. 

Future developments such as biofunctional surface coatings, 

porous titanium structures fabricated via selective laser 

melting (SLM), and partially resorbable metal-polymer hy-

brids could further enhance the regenerative potential and 

eliminate the need for mesh removal [15, 16]. 

In conclusion, customized titanium meshes have estab-

lished themselves as a cornerstone of modern GBR, providing 

a scientifically validated, digitally integrated, and biologically 

favorable solution for alveolar ridge reconstruction. As 

technology evolves, CTMs are poised to become not only a 

regenerative scaffold but a fully customized, biologically 

interactive device supporting long-term functional and es-

thetic success in implant dentistry. [19]. 

Future developments are expected to focus on enhancing 

surface treatments to promote faster osteogenesis, integrating 

bioactive coatings to improve soft-tissue compatibility, and 

refining digital workflows for greater precision and efficiency. 
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The incorporation of artificial intelligence in treatment plan-

ning and automated mesh design may further streamline 

clinical procedures, reduce human error, and individualize 

regenerative strategies based on patient-specific bone mor-

phology and healing potential. Moreover, ongoing research 

into hybrid materials combining titanium with resorbable 

polymers or biomimetic layers could yield next generation 

meshes offering the mechanical advantages of titanium with 

improved biological performance. These advances will likely 

redefine the standards of guided bone regeneration, ensuring 

more predictable outcomes and setting the stage for a new era 

of digitally driven, biologically inspired bone grafting and 

implant dentistry therapy. 
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