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Abstract: Digital technologies are transforming modern dentistry, offering enhanced precision, efficiency, and predictability across all 

stages of patient care. In diagnostics, digital tools enable faster and more accurate assessments, which are crucial for developing effective 

treatment plans. High-resolution imaging, intraoral scanning, and CBCT provide clinicians with detailed visualisation of dental and 

anatomical structures, supporting early detection of pathology and informed clinical decision-making. In treatment planning, digital 

solutions allow the simulation of various clinical scenarios, such as implant positioning or orthodontic tooth movements, which 

significantly reduces the likelihood of procedural errors. Virtual treatment planning also enables patients to visualise anticipated 

outcomes, fostering trust and collaborative decision-making between the clinician and patient. During treatment execution, technologies 

such as CAD/CAM and 3D printing facilitate rapid fabrication of restorations and appliances with exceptional accuracy and fit. Surgically 

guided procedures benefit from digital planning, enhancing precision in implant placement and complex microsurgical interventions. 

Digital tools also improve treatment monitoring and follow-up. Progress can be tracked through periodic scans and software analysis, 

allowing timely adjustments to the treatment plan. In orthodontics, digital monitoring of clear aligners or other corrective devices ensures 

accurate control over tooth movement and overall treatment progress. The advantages of digital dentistry are manifold, encompassing 

increased diagnostic and fabrication precision, reduced treatment times, and enhanced patient comfort. Additionally, digital planning 

supports superior aesthetic and functional outcomes while improving communication among clinicians, dental technicians, and patients. 

By integrating these technologies, modern dentistry achieves more predictable, personalised, and efficient care, setting new standards for 

quality and patient satisfaction. 
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1. Introduction 
 

Contemporary dentistry is being reshaped by the swift 

integration of digital technologies that have become essential 

elements of modern clinical workflows rather than mere 

adjuncts. Tools such as intraoral scanners, CBCT imaging, 

CAD/CAM systems, and 3D printing enable clinicians to 

achieve higher diagnostic precision, more accurate treatment 

planning, and significantly improved procedural outcomes 

[1,2]. For instance, comprehensive reviews show how 

intraoral scanning and CBCT have enhanced prosthetic and 

orthodontic treatment planning, offering improved spatial 

accuracy and reduced chair time [2]. CAD/CAM technology 

facilitates the fabrication of same-day restorations, 

minimizing laboratory dependency and achieving excellent fit 

and aesthetics [3]. Similarly, 3D printing adds value by 

offering customizable, precise models with faster turnaround 

and less material waste [4]. Artificial intelligence (AI) is 

increasingly becoming pivotal in digital dentistry. Clinical 

studies indicate that AI-assisted systems - especially those 

powered by deep learning - show high accuracy in dental 

caries detection from intraoral images, often surpassing 

traditional diagnostic methods [5,6]. These AI tools not only 

enhance diagnostic capabilities but also facilitate workflow 

automation, interdisciplinary collaboration, and personalized 

treatment planning [6]. Another dimension is patient 

engagement and transparency. Digital smile design, virtual 

treatment simulations, and electronic health records enhance 

shared decision-making and reinforce patient trust; they also  

improve documentation and reproducibility [2,5]. 

Nonetheless, the broad adoption of digital dentistry faces 

tangible obstacles. Significant upfront investments, 

compatibility with legacy systems, data privacy concerns, and 

complex regulatory environments can slow down 

implementation and impact the return on investment for 

smaller clinics [7]. 

 

This article provides a comprehensive analysis of leading 

digital tools used in modern dentistry, focusing on their 

clinical utility, operational efficiency, and implementation 

challenges. Through this exploration, the potential of digital 

technologies to elevate accuracy, streamline workflows, and 

redefine patient care in dentistry will be critically examined. 

 

2. Digital diagnostics - 2D & 3D 
 

2.1 Digital Radiography and CBCT (Cone Beam 

Computed Tomography) 

 

Digital radiography and cone beam computed tomography 

(CBCT) offer detailed visualisation of the dental and 

maxillofacial structures, including bones, teeth, and 

surrounding tissues. These imaging modalities significantly 

enhance the diagnostic process, providing clinicians with a 

comprehensive view that facilitates the assessment of 

complex cases. They are particularly valuable in planning 

implant procedures, conducting orthodontic analyses, and 

managing endodontic treatments, allowing for more precise 

treatment planning and improved clinical outcomes. The 

integration of these technologies into routine practice 

supports accurate decision-making and contributes to the 

overall efficiency and safety of dental care [8]. 
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2.1.1. Characteristics and Advantages of Digital Parallel 

Radiography 

Digital parallel radiography represents a modern 2D 

diagnostic technique that employs digital sensors or plates in 

place of conventional X-ray films. This method is based on 

the parallel technique, in which the X-ray beam is directed 

perpendicularly to both the sensor and the long axis of the 

tooth, ensuring clear and accurate visualisation of anatomical 

structures while minimising superimposition. The captured 

X-rays are converted into a digital signal, which can be 

processed and displayed on a computer or other digital device 

in real time, facilitating immediate assessment. One of the 

primary advantages of digital parallel radiography is the 

superior image quality it provides. High-resolution digital 

images enable clinicians to detect subtle details, such as 

caries, fractures, and pathological changes in surrounding 

bone structures, with greater accuracy than conventional film- 

based methods. Another significant benefit is the substantial 

reduction in radiation exposure, which is particularly 

important for patients requiring frequent imaging. Digital 

radiography also offers immediate image acquisition, 

reducing diagnostic time and enabling prompt clinical 

decision-making [9]. 

The technology further enhances diagnostic capabilities 

through advanced image processing. Digital images can be 

magnified, adjusted, and analysed using software, allowing 

detailed examination of both soft and hard tissues. Electronic 

storage of these images reduces the risk of physical damage 

or loss and supports easy retrieval for longitudinal patient 

monitoring. From an environmental perspective, digital 

radiography eliminates the need for chemical developers, 

making it a more sustainable and eco-friendly option. 

Additionally, the ability to share images instantly with 

patients or other dental specialists enhances communication, 

improves patient understanding, and facilitates collaborative 

treatment planning [10]. 

 

Compared with conventional film-based radiography, digital 

parallel radiography provides lower radiation doses, 

immediate image availability, enhanced image quality, long-

term cost savings, and more efficient archiving. Collectively, 

these features make digital parallel radiography a preferred 

diagnostic tool in contemporary dental practice, offering 

precision, efficiency, and improved patient care (Fig.1). 

 

 

 
Figure 1: Digital parallel radiography: A, B/ Digital technology presents the possibility of processing and manipulating the 

image for a clearer and more detailed image; C, D/ Digital technology presents the possibility of image colourisation; E, F/ 

The possibility of measurements, and also measuring the working length of curve canals. 

 

2.1.2. Characteristics and Advantages of CBCT 

Cone Beam Computed Tomography (CBCT) has emerged as 

a transformative imaging modality in contemporary dentistry, 

providing three-dimensional visualisation of dental, 

maxillofacial, and craniofacial structures with high spatial 

resolution. Unlike conventional two-dimensional radiographs, 

CBCT captures volumetric data, enabling clinicians to 

examine anatomical relationships in multiple planes, which is 

particularly valuable for complex diagnostic and treatment 

planning scenarios. This technology allows for precise 

assessment of bone morphology, root canal anatomy, sinus 

proximity, and the position of impacted teeth, thereby 

enhancing the accuracy of implant planning, orthodontic 

evaluation, and endodontic procedures. 

 

One of the primary advantages of CBCT is its ability to 

provide detailed, reproducible, and clinically relevant images 

while exposing patients to lower radiation doses compared to 

traditional medical CT scans. The volumetric data obtained 

can be manipulated using advanced software, allowing for 

measurements, virtual simulations, and guided surgical 

planning. This digital workflow improves treatment 

predictability and reduces intraoperative risks. Moreover, 

CBCT facilitates better communication with patients and 

interdisciplinary teams by providing clear three-dimensional 

visualisations that support informed decision-making [11]. 

 

CBCT also contributes to improved patient outcomes by 

allowing early detection of pathologies and anatomical 

anomalies that may not be visible on standard radiographs. Its 

integration into dental practice enhances diagnostic 

confidence, streamlines clinical workflows, and supports 

minimally invasive interventions. Additionally, the capability 

to store and revisit digital datasets ensures long-term 

monitoring and comparison, further strengthening patient 

management and continuity of care. 
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Overall, the introduction of CBCT in dentistry represents a 

significant advancement in imaging technology, combining 

precision, efficiency, and comprehensive diagnostic 

capabilities (Fig. 2 -4). Its use supports more accurate 

planning, safer procedures, and enhanced communication, 

establishing it as an essential tool in contemporary dental 

practice [11]. 

 
Figure 2: 3D images from CBCT observation. It is visible that 

the periapical lesions are on teeth #26 and 22. 

 

 
Figure 3: Sagittal planes of tooth #22 from Fig.2 

 

 
Figure 4: Difficult diagnostic case – tooth #47 was suspicious for cervical resorption on OPG. On the second level of 

diagnosis, clinicians should perform a parallel periapical radiograph; the coronal plane presents a more detailed view of the 

resorption area- CBCT observation (yellow arrows). 
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2.2. Intraoral scanners 

 

Intraoral scanners replace traditional impressions by 

providing a three-dimensional image of the teeth and soft 

tissues. These scanners provide: 

• Faster and more comfortable treatment for the patient. 

• High accuracy in creating models for prosthetics, crowns, 

bridges and veneers. 

• Possibility of maximum precision assessment and analysis 

[12]. 

 

 

 

2.2.1. Essence, types and principle of operation of intraoral 

scanners 

Intraoral scanners are high-tech devices used in dental practice 

to create three-dimensional digital images of teeth, soft 

tissues, and other anatomical structures in the oral cavity. 

They replace traditional methods of taking impressions with 

alginate or silicone, offering a more precise, faster, and more 

comfortable solution for both patients and dentists [12]. 

 

Scanners collect data using optical or laser technology and 

convert it into digital models. These models can be used for a 

variety of applications, including prosthetics, orthodontics, 

and implantology (Fig. 5). 

 

 
Figure 5: Intraoral scanning of mandible – preop and postop of tooth #46. 

 

2.2.2. Working principle of intraoral scanners 

 

a) Data collection 

• Scanners use laser or LED light to scan the surfaces of 

teeth and soft tissues. 

• The camera captures a series of high-resolution images or 

video that are processed in real time. 

 

b) Digital processing 

• The scanner software merges individual images and 

creates a three-dimensional virtual model of the oral 

cavity. 

• The model can be scaled, rotated and analyzed to meet 

treatment needs. 

 

c) Integration with CAD/CAM 

• The data from the scanner is transferred to CAD/CAM 

systems, where it is used to design  

• individual dental structures such as crowns, bridges, 

aligners, surgical guides, and more. 

 

2.2.3. Types of intraoral scanners 

Intraoral scanners vary in technology, functionality, and 

applications. The main types are: 

 

(a) Optical scanners 

Optical scanners represent a key category of intraoral 

scanning systems, relying on LED or infrared light to capture 

highly detailed digital impressions of the oral cavity. Unlike 

traditional impression techniques, which may cause 

discomfort and risk of inaccuracies, optical scanners provide 

a non-invasive, rapid, and precise alternative. Systems such 

as the iTero Element (Align Technology, USA) and TRIOS 

(3Shape, Denmark) exemplify the clinical potential of these 

devices, offering superior image resolution and integration 

with CAD/CAM and orthodontic planning software. 

 

The advantages of optical scanners include their speed, 

accuracy, and user-friendly operation, which support a wide 

range of applications in restorative, implant, and orthodontic 

dentistry. They facilitate same-day workflows, enhance 

communication with patients through visual treatment 

simulations, and reduce the likelihood of human error. 

Nevertheless, certain limitations remain: reflective or metallic 

surfaces, as well as excessive saliva, can compromise 

scanning efficiency and image quality. Despite these 

challenges, optical scanners remain a cornerstone of digital 

dentistry, advancing precision and patient-centred care [13, 

14]. 

 

(b) Laser Scanners 

Laser-based intraoral scanners utilise laser light to measure 

distances within the oral cavity and generate highly accurate 

three-dimensional digital models. By projecting a laser beam 

and analysing the reflected signals, offering greater precision 

than many optical alternatives, particularly in capturing 

complex features. A widely recognised example is the 

CEREC Omnicam (Dentsply Sirona, Germany), which has 

become an important tool in restorative and prosthetic 

dentistry [13]. 

 

One of the main advantages of laser intraoral scanners is their 

enhanced accuracy when recording intricate anatomical 

details, such as interproximal spaces or irregular occlusal 

morphology. In addition, they are generally less sensitive to 

external lighting conditions, which can otherwise interfere 

with the scanning process. These features make laser scanners 

particularly valuable in challenging clinical scenarios where 

reliability and precision are essential. 
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However, their use is not without limitations. The most 

significant disadvantage remains their higher cost compared 

with optical alternatives, which may restrict accessibility for 

smaller practices. Despite this, laser intraoral scanners 

continue to drive progress in digital dentistry by providing 

clinicians with accurate, reliable, and clinically valuable data 

for treatment planning and execution [15,16]. 

 

(c) Hybrid Scanners 

Hybrid intraoral scanners merge the strengths of optical and 

laser scanning technologies to deliver rapid, highly accurate 

digital impressions. These devices are designed to harness the 

speed and user-friendly ergonomics of optical scanning 

alongside the enhanced precision and reliability of laser-

based systems. Notable models exemplifying this technology 

include the Medit i700 and Medit i900 (Medit, South Korea), 

which offer fast, true-colour 3D data capture while 

maintaining excellent detail even on reflective surfaces. The 

i900, in particular, features an advanced optical engine, a 

wide field of view, and improved metal-scanning capability. 

 

By simultaneously utilising both scanning methods, hybrid 

scanners deliver seamless performance across a variety of 

clinical situations—from smooth tissue surfaces to complex 

restorations. They offer clinicians the versatility needed for 

restorative, prosthetic, orthodontic, and surgical applications, 

supporting consistent image quality and efficient workflows. 

Although these systems come with higher initial costs and 

require training, their combination of speed, precision, and 

adaptability represents a significant advancement in digital 

dentistry, enabling clinicians to deliver consistently reliable 

and patient-centred care [17,18,19]. 

 

2.2.4. Applications of intraoral scanners 

1) Prosthetics: High-precision fabrication of crowns, 

bridges, veneers, inlays and overlays. 

2) Orthodontics: Creation of aligners, virtual setups and 

tracking of tooth movement. 

3) Implantology: Implant planning and fabrication of 

surgical guides for static and dynamic navigation 

4) Endodontic Microsurgery: Surgical planning and 

fabrication of surgical guides for static and dynamic 

navigation  

5) Periodontology: Gingival recession monitoring and 

occlusion analysis.  

6) Patient Communication: Real-time visualization of 

dental status, which helps in better understanding and 

decision-making. 

 

2.2.5 Advantages of intraoral scanners 

Intraoral scanners represent one of the most significant 

advances in digital dentistry, offering a number of advantages 

that make them increasingly preferable to conventional 

impression techniques. One of the key benefits is the 

improved accuracy they provide, significantly reducing the 

risk of errors during the fabrication of dental frameworks and 

restorations. This precision contributes to better clinical 

outcomes and fewer adjustments during subsequent stages of 

treatment. In addition to accuracy, intraoral scanners also 

increase efficiency, allowing for shorter treatment sessions 

and thereby improving both workflow and chairside 

productivity. From the patient’s perspective, the comfort 

associated with digital scanning is considerable, as it 

eliminates the discomfort often reported with traditional 

impression materials and trays. Another major advantage is 

the seamless digital integration of intraoral scanners with 

CAD/CAM systems and other software platforms, which 

facilitates comprehensive digital workflows and enables the 

design and production of restorations with greater 

predictability. Finally, intraoral scanners contribute to 

environmental sustainability by reducing the consumption of 

disposable impression materials and associated waste. 

Collectively, these benefits highlight the transformative 

potential of intraoral scanning in modern dentistry, aligning 

clinical efficiency, patient comfort, and ecological 

responsibility within a single technological solution [16, 19, 

20]. 

 
2.2.6. Limitations 

Despite their many advantages, intraoral scanners are not 

without limitations that may hinder their widespread adoption 

in daily clinical practice. One of the primary concerns remains 

the high cost of the equipment, which can represent a 

substantial financial barrier for smaller dental practices or 

those in resource-limited settings. Beyond the investment in 

hardware, clinicians must also undergo specific training to 

achieve proficiency in using these devices, as specialized 

skills and qualifications are necessary to ensure accurate 

scanning and efficient integration into digital workflows. 

Furthermore, certain clinical situations can present technical 

challenges. Reflective surfaces, such as metallic restorations 

or the presence of saliva, can interfere with the scanning 

process, reducing accuracy and slowing down data 

acquisition. These constraints underline the importance of 

both adequate operator training and careful case selection 

when relying on intraoral scanning technologies [13,16,20]. 

Intraoral scanners constitute a transformative innovation in 

contemporary dentistry, fundamentally reshaping approaches 

to diagnosis, treatment planning, and clinical care. These 

devices enable enhanced precision and efficiency, improve 

patient comfort, and optimise the workflow of dental 

practitioners. Their integration into clinical practice 

represents a pivotal element of modern digital dentistry and is 

likely to play a central role in shaping the future trajectory of 

the profession. 

 

2.3 Digital Design and Planning 

 

2.3.1 CAD/CAM (Computer-Aided Design and 

Manufacturing) 

CAD/CAM technology has become an essential component 

of modern dental clinical and laboratory practice, enabling the 

digital design and fabrication of dental restorations directly 

from digital data. It allows the production of high-quality 

restorations, including crowns, bridges, and veneers, often 

within a single day, supporting the growing trend of same-day 

dentistry. The technology integrates digital scanning, 

computer-aided design, and automated manufacturing, 

resulting in exceptional precision, efficiency, and 

consistency. 

 

Intraoral 3D scanners capture highly accurate digital 

impressions, eliminating the need for conventional 

impression materials and reducing patient discomfort. The 

digital design phase enables dental professionals to create 

restorations tailored to the individual anatomical and aesthetic 
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needs of each patient, ensuring a precise fit and optimal 

function. Once the design is finalised, computer-aided 

manufacturing processes, including CNC milling or 3D 

printing, produce the final restoration from durable, 

biocompatible materials such as zirconia, ceramics, 

composites, or metals. These materials offer excellent 

aesthetic qualities and long-term wear resistance [21]. 

 

CAD/CAM technology is applied across a wide spectrum of 

dental procedures, including the fabrication of single crowns 

and multi-unit bridges, aesthetic veneers, implant 

superstructures, temporary and permanent prostheses, and 

minimally invasive inlays, onlays, and overlays. It also 

supports orthodontic applications, facilitating the production 

of clear aligners and other corrective devices. By combining 

speed, accuracy, and versatility, CAD/CAM has 

fundamentally transformed restorative, prosthetic, and 

orthodontic workflows, enhancing both clinical outcomes and  

patient satisfaction while streamlining digital workflows in 

contemporary dental practice. 

 

CAD/CAM has revolutionized dentistry through its 

combination of precision, efficiency, and treatment 

customization. The technology significantly enhances both 

the efficiency of dental practitioners and patient satisfaction, 

while providing personalised and durable solutions. This 

makes it an integral component of contemporary dental 

practice [21,22]. 

 

 

2.3.2. The Essence of Digital Design and Planning 

Digital design and planning involve integrating digital 

technologies into the creation and management of dental 

treatment processes. This encompasses the use of specialised 

software and hardware for designing dental restorations, 

planning implant procedures, orthodontic treatments, and 

other clinical interventions. Through digital solutions, 

clinicians can achieve high precision, improved visualisation, 

and predictable outcomes, resulting in superior treatment 

quality and enhanced patient satisfaction (Fig.6). 

 

2.3.3. Technologies for Digital Design and Planning 

Modern digital design and planning in dentistry rely on 

integrated technologies that enhance precision and efficiency. 

CAD/CAM systems enable clinicians and technicians to 

design and fabricate restorations from digital data. CAD 

creates virtual models, and CAM produces physical 

restorations via milling or 3D printing. Specialized planning 

software, such as 3Shape, Exocad, and NobelClinician, 

supports implant positioning, orthodontic aligner design, 

surgical guide creation, and outcome simulation. Intraoral 

scanners capture accurate 3D models of the oral cavity, while 

CBCT provides detailed anatomical imaging. 3D printers 

produce precise physical models, guides, aligners, and 

temporary restorations from these digital designs [22].  

 

 

 

 

 
Figure 6: Digital planning of minimally invasive restoration of mandibular teeth with direct composite material 

 

2.3.4. Applications of Digital Design and Planning 

Digital design and planning are widely applied across 

prosthodontics, implantology, and orthodontics. In 

prosthodontics, they enable the precise creation of crowns, 

bridges, veneers, inlays, and onlays while predicting aesthetic 

and functional outcomes. In implantology, CBCT and 

specialised software guide implant placement and the 

production of surgical guides for accurate positioning. In 

orthodontics, digital setups simulate tooth movement, 

allowing the fabrication of customised clear aligners and 

providing reliable predictions of final treatment results [23] 

(Fig.7). 

 

Clear aligners, such as Invisalign, represent a revolutionary 

approach to orthodontic treatment. They are fabricated using 

3D printing based on digital models, allowing fully 

personalised treatment plans tailored to each patient’s dental 

anatomy. Progress can be monitored through specialised 

software, enabling adjustments as needed and ensuring 

predictable outcomes. 
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Virtual tooth setup programs allow both the orthodontist and 

the patient to visualise the anticipated final results before 

treatment begins, enhancing understanding, engagement, and 

satisfaction.

 

 
Figure 7: Digital planning for orthodontic treatment with clear aliners: A/ Preoperative status; B/ Postoperative planned 

situation 

 

Together, these digital solutions improve precision, 

convenience, and the overall efficiency of contemporary 

orthodontic care. Aesthetic dentistry benefits from virtual 

smile planning, which integrates detailed analysis of the face, 

smile, and teeth with simulations of proposed aesthetic 

changes. This approach enables patients to visualize a preview 

of the expected results, thereby enhancing their understanding 

and confidence in the planned treatment, while supporting 

clinicians in achieving predictable and personalized aesthetic 

outcomes [24,25] (Fig. 8). 

 

 
Figure 8: Digital smile design. 

 
Digital planning plays a crucial role in modern dental surgery, 

particularly in microsurgical procedures such as endodontic 

apical surgery and implantology. The technology enables the 

design and fabrication of precise surgical guides, ensuring 

accurate positioning and alignment during interventions. 

These guides improve procedural predictability, reduce the 

risk of errors, and enhance overall surgical outcomes. By 

integrating digital imaging and computer-aided design, 

clinicians can plan complex surgical procedures with higher 

precision, minimise invasiveness, and provide patients with 

safer, more efficient, and optimised treatment experiences 

[26]. 

 

Virtual implant planning has become an essential component 

of contemporary implantology, offering clinicians advanced 

tools to optimise accuracy, safety, and predictability in 

treatment. Specialised software platforms, such as 

BlueSkyPlan by BlueSkyBio (USA), SICAT Suite by 

Dentsply  Sirona (Germany/USA), and NobelClinician by 

Nobel Biocare (Sweden/Switzerland), enable precise digital 

planning of implant positioning based on three-dimensional 

data obtained from CBCT imaging and intraoral scans [26,27]. 

These systems allow practitioners to visualise the patient’s 

anatomical structures in detail, ensuring critical regions such 

as nerves, maxillary sinuses, and adjacent teeth are carefully 

avoided. By integrating digital design with surgical guides 

manufactured through 3D printing, clinicians can transfer the 

virtual plan accurately to the clinical setting. This approach 

not only enhances the functional stability of implants but also 

significantly improves aesthetic outcomes by optimising 

implant angulation and prosthetic emergence profiles. 

 

Ultimately, virtual implant planning represents a crucial 

advancement that combines safety, efficiency, and 

customisation, contributing to long-term clinical success and 

improved patient satisfaction [27, 28, 29](Fig.9). 
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Figure 9: Implantology treatment planning. 

 

2.3.5 Advantages, Limitations, and Challenges of Digital 

Design and Planning 

Digital design and planning offer numerous advantages in 

modern dentistry, foremost among them enhanced precision. 

The technology reduces the risk of errors by providing 

detailed visualisation and accurate measurements, allowing 

clinicians to design restorations that fit individual anatomical 

structures. Efficiency is another key benefit, as digital 

workflows shorten the time required for diagnosis, design, 

and fabrication of dental restorations. Personalisation is 

facilitated through tailored restorations that meet each 

patient’s functional and aesthetic needs, while the accuracy of 

digital planning ensures optimal aesthetic outcomes. 

Communication between clinicians, dental technicians, and 

patients is also improved, as visualisations of treatment plans 

and predicted results can be shared effectively, supporting 

informed decision-making and patient engagement [29, 30, 

31, 32]. 

 

However, adoption is not without challenges. The high cost 

of equipment and software may pose a barrier, particularly for 

smaller practices. Effective use requires specialised training, 

and technical issues or inaccuracies in scanning data can 

compromise outcomes. Clinicians must therefore balance 

these limitations against the transformative potential of digital 

planning to achieve predictable, high-quality results [30, 31]. 

 

2.3.6 The Future of Digital Design and Planning 

As technology continues to advance, digital design and 

planning in dentistry are expected to become increasingly 

precise, accessible, and integrated with artificial intelligence 

(AI). AI integration will enable greater automation of 

workflows, enhanced predictive capabilities, and even more 

personalised treatment planning tailored to each patient’s 

unique anatomy and needs. These innovations are likely to 

further establish digital technologies as a foundational 

element of contemporary dental practice [32]. 

Digital design and planning have already revolutionised 

dentistry by improving the accuracy, speed, and convenience 

of treatment for both clinicians and patients. They optimise 

clinical workflows, reduce the potential for errors, and 

facilitate effective communication between dental teams and 

patients. Looking ahead, continued development in hardware, 

software, and AI-driven solutions will not only streamline 

procedures but also elevate standards of quality, 

predictability, and customisation in restorative, prosthetic, 

and orthodontic care. By setting new benchmarks for 

personalised and efficient treatment, digital design is poised 

to become an indispensable component of modern dental 

practice [33]. 

 

2.4 Printing and Artificial Intelligence in Dentistry 

 

3D printing has become an essential tool in contemporary 

dentistry, enabling the production of prostheses, surgical 

guides, temporary crowns, and dental models. This 

technology reduces manufacturing time and costs while 

allowing the use of biocompatible materials to create durable 

and precise restorations. Concurrently, artificial intelligence 

(AI) is transforming dental practice by supporting automated 

diagnostics for caries, periapical lesions, and periodontal 

conditions through the analysis of radiographic images. AI 

also facilitates personalised treatment planning by predicting 

disease risk and streamlining administrative workflows, 

including appointment scheduling and patient management. 

Together, 3D printing and AI enhance efficiency, accuracy, 

and patient care in contemporary dentistry [34,35,36]. 

 

3. Conclusion 
 

Contemporary digital dental technologies have fundamentally 

transformed clinical practice, establishing new standards for 

precision, efficiency, and patient-centred care. The 

integration of tools such as intraoral scanners, CBCT 
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imaging, CAD/CAM systems, 3D printing, and artificial 

intelligence has enhanced diagnostic accuracy, streamlined 

treatment planning, and improved procedural outcomes 

across restorative, prosthetic, surgical, and orthodontic 

disciplines. These technologies not only optimise clinical 

workflows but also increase patient comfort and engagement 

by enabling visualisation of anticipated results and facilitating 

shared decision-making. 

 

The successful implementation of digital solutions, however, 

extends beyond the acquisition of advanced equipment. It 

requires continuous professional development and training to 

ensure clinicians can effectively utilise these systems and 

interpret digital data accurately. Competence in digital 

workflows is essential to fully realise the potential benefits of 

precision, personalised treatment, and predictable outcomes. 

Furthermore, digital technologies support improved 

interdisciplinary communication, documentation, and long-

term monitoring, contributing to safer, more reliable, and 

ethically sound care. While initial costs and learning curves 

may present challenges, the long-term advantages in 

treatment quality, efficiency, and patient satisfaction are 

substantial. 

 

In conclusion, digital dentistry represents a pivotal evolution 

in oral healthcare, providing clinicians with the tools to 

deliver higher-quality, more efficient, and consistently 

predictable treatments. By combining technological 

innovation with professional expertise, dental practitioners 

can enhance patient outcomes, establish new benchmarks for 

clinical excellence, and continue to advance the standard of 

care in modern dental practice. 
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