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1. INTRODUCTION 

 

Background: The advent of Computer-Aided Design and Computer-Aided Manufacturing 

(CAD/CAM) technology has revolutionized dental implantology, fundamentally transforming 

the way implant design is approached and executed1. By streamlining implant design and 

enhancing customization, CAD/CAM systems have significantly improved the precision, 

efficiency, and outcomes of dental implant procedures2. 

Enhanced Precision and Customization: CAD/CAM technology allows for precise virtual 

planning and fabrication of dental implants, ensuring that the design matches the unique 

anatomical structure of each patient3. This degree of customization minimizes the risk of errors 

and enhances the stability and functionality of the implant. The digital workflow optimizes 

implant positioning, angulation, and depth, factors critical for long-term success. 

The Molecular and Surface Aspects of Implants: At the molecular level, the surface 

characteristics of dental implants play a crucial role in successful osseointegration, the process 

where the implant integrates with the surrounding bone tissue4. CAD/CAM technology enables 

the precise engineering of implant surfaces, optimizing them for cellular interactions that 
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promote osseointegration5,6. Surface modifications like roughening, coating with bioactive 

materials, or incorporating nanostructures can enhance cell adhesion, proliferation, and 

differentiation7. 

For instance, nanoscale surface roughness has been shown to increase the surface area available 

for bone cells (osteoblasts) to attach, thereby accelerating the healing process8. Additionally, 

certain coatings like hydroxyapatite or titanium dioxide can further enhance biocompatibility 

and bone integration.9 

Surface Engineering for Improved Osseointegration: The surface topography and chemistry of 

implants are critical factors for promoting tissue integration and minimizing the risk of implant 

failure. Advances in CAD/CAM have facilitated the design of implant surfaces that mimic the 

natural bone environment at the microscopic and nanoscopic levels.10 Techniques such as 

sandblasting, acid etching, and laser texturing are commonly employed to create micro- and 

nanoscale roughness, which improves bone-to-implant contact and enhances mechanical 

interlocking11. Moreover, bioactive coatings can be applied using CAD/CAM-guided 

processes. These coatings may include growth factors, peptides, or antimicrobial agents 

designed to promote bone formation, reduce inflammation, and minimize bacterial 

colonization12.13. The molecular interaction between the implant surface and surrounding 

tissues is pivotal in determining the speed and quality of osseointegration.  

The Synergy Between Implant Surface and Surrounding Tissues: Successful osseointegration 
depends on the synergy between implant surface characteristics and the biological responses 

of the surrounding bone and soft tissues14. CAD/CAM technology facilitates the creation of 

implant designs that align with these biological principles, ensuring optimal load distribution, 

reducing micromovements, and enhancing long-term stability. As a result, patients experience 

faster healing times, reduced post-operative complications, and overall improved clinical 

outcomes15. 

The integration of CAD/CAM technology into dental implantology has not only streamlined 

the design and manufacturing processes but also allowed for the fine-tuning of implant surfaces 

at the molecular level. These advancements have contributed to more predictable, durable, and 

biologically favorable implant outcomes, marking a significant leap forward in dental care. By 

streamlining implant design and enhancing customization, CAD/CAM systems have 

significantly improved the precision, efficiency, and outcomes of dental implant procedures16. 

This article delves into how CAD/CAM technology contributes to implant design and explores 

the crucial relationship between implant surfaces and surrounding tissues for successful 

osseointegration. 

The Role of CAD/CAM Technology in Implant Design: 

CAD/CAM technology offers unparalleled precision in designing and fabricating dental 

implants, contributing to more predictable and patient-specific outcomes. The process involves 

two key stages: (Tabel 1- Comparison of CAD and CAM Stages) 

 

1. Computer-Aided Design (CAD) 

The CAD stage is the backbone of customized implant design. Using sophisticated software, 

dentists and technicians create a detailed 3D digital model of the dental implant based on the 

patient’s unique anatomy17. The process typically involves: 

 Patient Data Collection: The design process starts with gathering diagnostic data, 

typically from cone-beam computed tomography (CBCT) scans or digital impressions. This 

information is essential for creating a highly accurate digital representation of the patient’s 

oral structures. 

 3D Modeling and Customization: The data is used to generate a 3D model of the implant. 

The model can be adjusted for key parameters such as size, shape, angulation, and position. 
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This customization ensures that the implant perfectly fits the patient’s bone structure, 

optimizing the functional and aesthetic outcomes. 

 Implant Features and Design Details: CAD software also allows for the incorporation of 

critical design elements like thread patterns, microgrooves, and surface textures. These 

features are not just cosmetic; they influence how well the implant integrates with the 

surrounding bone, improving osseointegration. 

 

2. Computer-Aided Manufacturing (CAM) 

Once the digital design is finalized, it is transferred to the CAM stage, where the implant is 

fabricated with precision18. The CAM process includes: 

 Material Selection: The digital model is fabricated using biocompatible materials such as 

titanium or zirconia, which are ideal for long-term integration with bone tissues. 

 Fabrication Methods: The CAM stage involves either subtractive or additive 

manufacturing: 

o Subtractive Manufacturing (Milling): A milling machine carves the implant from a solid 

block of material. This process is ideal for achieving fine details, such as microgrooves and 

customized thread patterns. 

o Additive Manufacturing (3D Printing): Alternatively, 3D printing builds the implant 

layer by layer. This method is particularly useful for creating complex geometries that are 

difficult to achieve with traditional milling. 

 Surface Finishing: Post-fabrication, the implant undergoes surface finishing processes like 

polishing, sandblasting, or acid-etching. These steps refine the micro and nanoscale 

textures, promoting better bone-to-implant contact and enhancing osseointegration19. 

 

The Link between Implant Surfaces and Tissue Integration: (Table 2- how CAD/CAM 

technology influences implant surface design and, in turn, enhances osseointegration for 

successful long-term outcomes) 

The success of a dental implant largely depends on how well it integrates with surrounding 

tissues, particularly bone. This integration, known as osseointegration, is influenced by the 

design and texture of the implant surface20. CAD/CAM technology plays a vital role in 

optimizing these surface characteristics. 

1. Surface Roughness and Microstructures: Implant surfaces can be engineered with specific 

microtextures, such as grooves, pits, or coatings that promote the adhesion of bone cells 

(osteoblasts). These textures enhance the stability of the implant and encourage quicker and 

more robust bone formation around the implant21. 

2. Biocompatibility and Surface Chemistry: Modern CAD/CAM systems also allow for surface 

modifications that enhance biocompatibility. Techniques like anodization or plasma spraying 

can alter the surface chemistry to improve the biological response, further ensuring a stable 

interface between the implant and bone22. 

3. Cross-Sectional View of Implant and Tissues: In a successful implant, bone cells attach to 

the roughened implant surface, growing into the microstructures and forming a solid bond. This 

interaction prevents micromovement, reducing the risk of implant failure. The surround ing 

gum tissue (gingiva) also plays a role in sealing the implant, protecting the underlying bone 

from bacterial invasion23. 

 

Advantages of CAD/CAM in Implant Design24: (Tabl3 , Figure 1) 

- Precision: CAD/CAM allows for extremely accurate implant designs, reducing human error 

and improving clinical outcomes. 

- Customization: Every implant can be tailored to the patient’s specific anatomy, which 

enhances comfort and function. 
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- Consistency: The manufacturing process ensures that each implant is  produced with 

consistent quality, down to microscopic surface details. 

Conclusion: CAD/CAM technology has transformed the field of implant dentistry, not only by 

enabling precise and customized implant designs but also by optimizing implant surface 

features that enhance tissue integration. The synergy between advanced digital design and 

biologically favorable implant surfaces ensures that patients receive durable and successful 

outcomes. As technology evolves, CAD/CAM systems will continue to push the boundaries of 

dental implantology, improving both patient care and implant longevity. 

 

2. REFERENCES 

 

1. Khurshid Z. Digital Dentistry: Transformation of Oral Health and Dental Education with 

Technology. Eur J Dent. 2023;17(4):943-4. https://doi.org/10.1055/s-0043-1772674 

2. Târtea DA, Ionescu M, Manolea HO, Mercuț V, Obădan E, Amărăscu MO, et al. 

Comparative Study of Dental Custom CAD-CAM Implant Abutments and Dental 

Implant Stock Abutments. J Clin Med. 2023;12(6):2128. 

https://doi.org/10.3390/jcm12062128 

3. Ochandiano S, García-Mato D, Gonzalez-Alvarez A, Moreta-Martinez R, Tousidonis M, 

Navarro-Cuellar C, et al. Computer-Assisted Dental Implant Placement Following Free 

Flap Reconstruction: Virtual Planning, CAD/CAM Templates, Dynamic Navigation and 

Augmented Reality. Front Oncol. 2022;11:754943. 

https://doi.org/10.3389/fonc.2021.754943 

4. Emam SM, Moussa N. Signaling pathways of dental implants’ osseointegration: a 

narrative review on two of the most relevant; NF-κB and Wnt pathways. BDJ Open. 

2024;10:29. https://doi.org/10.1038/s41405-024-00211-w 

5. Kapos T, Ashy LM, Gallucci GO, Weber HP, Wismeijer D. Computer-aided design and 

computer-assisted manufacturing in prosthetic implant dentistry. Int J Oral Maxillofac 

Implants. 2009;24:110-7. 

6. van Noort R. The future of dental devices is digital. Dent Mater. 2012;28(1):3-12. 

7. Abduo J, Lyons K. Rationale for the use of CAD/CAM technology in implant 

prosthodontics. Int J Dent. 2013;2013:768121. https://doi.org/10.1155/2013/768121 

8. Rasouli R, Barhoum A, Uludag H. A review of nanostructured surfaces and materials for 

dental implants: Surface coating, patterning and functionalization for improved 

performance. Biomater Sci. 2018;6:1312-38. 

9. Mendonça G, Mendonça DB, Aragão FJ, Cooper LF. Advancing dental implant surface 

technology--from micron- to nanotopography. Biomaterials. 2008;29(28):3822-35. 

10. Aneksomboonpol P, Mahardawi B, Nan PN, Laoharungpisit P, Kumchai T, Wongsirichat 

N, et al. Surface structure characteristics of dental implants and their potential changes 

following installation: a literature review. J Korean Assoc Oral Maxillofac Surg. 

2023;49(3):114-24. https://doi.org/10.5125/jkaoms.2023.49.3.114 

11. Zhang C, et al. Dental implants loaded with bioactive agents promote osseointegration in 

osteoporosis: a review. Front Bioeng Biotechnol. 2021;0:8. 

12. Díaz-Castro CM, et al. A non-interventional study documenting use and success of tissue 

level implants. Int J Environ Res Public Health. 2020;17:1-13. 

13. Elias CN, Oshida Y, Lima JHC, Muller CA. Relationship between surface properties 

(roughness, wettability and morphology) of titanium and dental implant removal torque. 

J Mech Behav Biomed Mater. 2008;1:234-42. 

14. Pandey C, Rokaya D, Bhattarai BP. Contemporary Concepts in Osseointegration of 

Dental Implants: A Review. Biomed Res Int. 2022;2022:6170452. 

https://doi.org/10.1155/2022/6170452 

https://doi.org/10.1055/s-0043-1772674
https://doi.org/10.3390/jcm12062128
https://doi.org/10.3389/fonc.2021.754943
https://doi.org/10.1038/s41405-024-00211-w
https://doi.org/10.1155/2013/768121
https://doi.org/10.5125/jkaoms.2023.49.3.114
https://doi.org/10.1155/2022/6170452


Dr. Pradyumna Kumar Sahoo/ Afr.J.Bio.Sc. 6(6) (2024) 8620-8627 Page 8626 to 08 
 

15. Kapos T, Evans C. CAD/CAM Technology for Implant Abutments, Crowns, and 

Superstructures. Int J Oral Maxillofac Implants. 2014;29 Suppl:117-36. 

https://doi.org/10.11607/jomi.2014suppl.g2.3 

16. D’Souza KM, Aras MA. Applications of CAD/CAM Technology in Dental Implant 

Planning and Implant Surgery. In: Chaughule RS, Dashaputra R, editors. Advances in 

Dental Implantology using Nanomaterials and Allied Technology Applications. Cham: 

Springer; 2021. https://doi.org/10.1007/978-3-030-52207-0_11 

17. Schubert O, Schweiger J, Stimmelmayr M, et al. Digital implant planning and guided 

implant surgery – workflow and reliability. Br Dent J. 2019;226:101-8. 

https://doi.org/10.1038/sj.bdj.2019.44 

18. Hamilton A, Obermaier B, Doliveux S, Negreiros WM, Alnasser M, Gallucci GO. 

Digitally Fabricated Provisional Implant Restorations Prior to Implant Placement: A 

Clinical Case Series. Int J Prosthodont. 2022;35(1):94-108. 

https://doi.org/10.11607/ijp.7623 

19. Alfarsi MA, Okutan HM, Bickel M. CAD/CAM to fabricate ceramic implant abutments 

and crowns: a preliminary in vitro study. Aust Dent J. 2009;54(1):12-6. 

https://doi.org/10.1111/j.1834-7819.2008.01082.x 

20. Abu Alfaraj T, Al-Madani S, Alqahtani NS, Almohammadi AA, Alqahtani AM, 

AlQabbani HS, et al. Optimizing Osseointegration in Dental Implantology: A Cross- 

Disciplinary Review of Current and Emerging Strategies. Cureus. 2023;15(10). 

https://doi.org/10.7759/cureus.47943 

21. Albrektsson T, Wennerberg A. Oral implant surfaces: part 1 -review focusing on 

topographic and chemical properties of different surfaces and in vivo responses to them. 

Int J Prosthodont. 2004;17(5):536-43. 

22. Liu X, Chu P, Ding C. Surface Modification of Titanium, Titanium Alloys, and Related 

Materials for Biomedical Applications. Mater Sci Eng R. 2004;47:49-121. 

23. Shalabi MM, Gortemaker A, Van't Hof MA, Jansen JA, Creugers NH. Implant surface 

roughness and bone healing: a systematic review. J Dent Res. 2006;85(6):496-500. 

https://doi.org/10.1177/154405910608500603 

24. Tamrakar A, Rathee I, Mallick R, et al. CAD/CAM in Prosthodontics - A Futuristic 

Overview. Ann Dent Spec. 2014;2(1):14-20. 

 

Table 1- Comparison of CAD and CAM Stages 

Aspect 
Computer-Aided Design 

(CAD) 

Computer-Aided Manufacturing 

(CAM) 

Primary Focus 
Creating a 3D digital model 

tailored to patient’s anatomy 

Fabricating the implant from the 

digital design with precision 

Tools and 

Technology 

CAD software, 3D modeling 

platforms 

Milling machines, 3D printers, 

biocompatible materials 

Customization 

Options 

Adjusting size, shape, 

angulation, and placement 

Producing intricate details like 

thread patterns and textures 

Data Input 
CBCT scans, digital 

impressions 
Digital design files 

Key Outputs 
Personalized digital implant 

model 

Physical implant ready for 

placement 

Role in 

Osseointegration 

Incorporates design elements 

critical for tissue integration 

Ensures surface features are 

precisely replicated 

Manufacturing 

Methods 
N/A 

Subtractive (milling) and additive 

(3D printing) techniques 
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Surface 

Treatment 
Integrated into design phase 

Polishing, sandblasting, acid-etching 

for surface optimization 

 

Table 2- how CAD/CAM technology influences implant surface design and, in turn, enhances 

osseointegration for successful long-term outcomes 

Aspect Description Role in Tissue Integration 

 

Surface Roughness 

and Microstructures 

Implant surfaces are 

engineered with 

microtextures like grooves, 

pits, or coatings. 

These microstructures enhance 

osteoblast adhesion, promoting 

faster and more stable bone 

formation. 

Biocompatibility 

and Surface 

Chemistry 

Surface modifications using 

techniques like anodization 

or plasma spraying adjust 

surface chemistry. 

Improved biocompatibility ensures 

a favorable biological response, 

reducing inflammation and 
improving bone integration. 

 

Cross-Sectional 

View of Implant and 

Tissues 

Bone cells attach to 

roughened implant surfaces, 

growing into microstructures 

to create a strong bond. 

Prevents micromovements and 

enhances osseointegration, while 

gingival tissue seals the implant, 

protecting against bacterial 

invasion. 

 

Tabel 3- how CAD/CAM processes contribute to both implant design and tissue integration, 

ensuring a seamless process from planning to final placement for successful dental implants 

 

Stage 

CAD 

(Computer- 

Aided Design) 

CAM 

(Computer- 

Aided 

Manufacturing) 

Tissue 

Integration 

Aspect 

 

Role in Implant 

Success 

 

Primary 

Focus 

Creating a 3D 

digital model 

customized to 

the patient’s 

anatomy 

Fabricating the 

implant from the 

digital model 

with precision 

 

Surface 

roughness and 

microstructures 

Enhances bone 

cell (osteoblast) 

adhesion and 

stability 

 

Tools and 

Technology 

 

CAD software, 

3D modeling 

platforms 

 

Milling 

machines, 3D 

printers 

 

Biocompatibility 

and surface 

chemistry 

Promotes 

favorable 

biological 

responses and 
bone formation 

 

Customizati 

on Options 

Adjusting size, 

shape, 

angulation, and 

placement 

Producing 

intricate details 

like thread 

patterns and 

textures 

 

Cross-sectional 

view of implant 

and tissues 

Ensures strong 

bone-to-implant 

bond and 

gingival 

protection 

 

 

Data Input 

 

CBCT scans, 

digital 

impressions 

 

Digital design 

files 

Interaction 

between implant 

surface and 

surrounding 

tissues 

Prevents 

micromovement 

and reduces 

implant failure 

risks 

 

Manufacturi 

ng Methods 

 

N/A 

Subtractive 

(milling) and 

additive (3D 

printing) 

Role of 

microtextures 

and surface 

modifications 

Speeds up 

osseointegration 

and long-term 

implant stability 
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Surface 

Treatment 

 

Integrated into 

design phase 

 

Polishing, 

sandblasting, 

acid-etching 

 

Tissue sealing by 

gingiva 

Protects against 

bacterial 

invasion and 

supports 

osseointegration 

 

Figure 1 The image clearly highlights the key processes and their connection to tissue 

interaction. 
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