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Embracing the future of dentistry: 
A season of innovation
As the vibrant colours of autumn settle around us, 

we are excited to welcome you to another issue of 

digital4international magazine of digital dentistry 

packed with insights, innovations and inspiring stories 

that reû ect the rapid evolution of digital dentistry. Whether 

you are an early adopter of new technology or cautiously 

observing from the sidelines, this issue offers something 

of value for you.

At the heart of this issue is our special artiû cial intelligence 

(AI) supplement, exploring how AI is transforming clinical 

practice and education. In an interview, Drs Ahmed S. Sultan 

and Zaid H. Khoury, present AI9s role as a supportive 

tool4enhancing practitioners9 decision-making rather 

than replacing it. Their message is clear: AI offers im-

mense potential but must be integrated thoughtfully, 

seeking to preserve the artistry and human touch that 

deû ne excellent oral care.

On a related note, Prof. Falk Schwendicke and Dr Sergio E. 

Uribe discuss in another interview how AI-based tools 

such as ChatGPT can strengthen dental education. This 

is an exciting possibility, offering new ways to improve 

teaching, learning and patient communication4areas 

critical to the modern dental practice.

The current issue also offers deep dives into relevant 

topics shaping the dental landscape. In our industry news,

we explore the state of the intra-oral scanner market in 

2023, covering global trends and leading manufacturers. 

Case reports, including one detailing a hybrid digital3

analogue workû ow for a maxillary full-arch prosthesis, 

demonstrate the real-world applications of new tech-

nologies, bridging the gap between innovation and 

patient care.

Dr Jeremy Ueno, in an article about practice manage-

ment, challenges readers to rethink what success means 

in dentistry, moving beyond traditional measures to focus 

on personal and professional growth. His reû ections 

resonate with the modern dental community9s evolving 

priorities4where the balance between technology, busi-

ness and well-being is more important than ever.

Achieving this balance includes cultivating your knowledge 

and fostering a supportive community. In that regard, articles 

in this issue on events such as the Implant Solutions World 

Summit and the inaugural DDS.Berlin meeting emphasise 

the importance of continuing education and networking for 

staying connected with the latest advancements.

We hope this issue encourages you to explore how AI, 

3D printing and other digital tools can enhance your prac-

tice, improve patient outcomes and provide new avenues 

for learning and growth. As digital dentistry advances at 

an ever-faster pace, now is the time to embrace these 

changes, ensuring that your practice can stay ahead of 

the curve and deliver the best care to your patients.

Thank you for joining us on this journey through the exciting 

world of digital dentistry. Enjoy the issue!

Sincerely,

Magda Wojtkiewicz

Managing Editor

Magda Wojtkiewicz

Managing Editor

editorial | 
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ADA releases û rst standard for 
clear aligner materials
Dental Tribune International

Aligner therapy has revolutionised the treatment of 

malocclusion; however, regulators have been unable to 

keep pace with the rapid market expansion. US dental 

asso ciations played a pivotal role in reigning in direct-to- 

consumer providers to improve patient safety, and efforts 

are well under way to regulate the materials used in 

the aligner manufacturing process. In August 2024, 

the American Dental Association (ADA) released a draft 

version of the û rst national standard on aligner materials. 

The public had two months to provide feedback on the stan-

dard, which aims to provide a framework for characteri-

sation of the mechanical, physical and thermal properties 

of aligner materials.

The proposed standard mandates speciû c mechanical 

testing to enable comparison of the strength and 

û exibility of aligners made by different manufacturers. 

It outlines the necessary requirements and test methods 

for both thermoforming and additive manufacturing 

materials used in the production of aligners and stipu-

lates requirements for the packaging and labelling of 

aligners.

Dr Hera Kim-Berman, leader of the project behind the 

draft standard, commented in an ADA press release: 

<Clear aligner therapy is widely used in orthodontic treat-

ment. However, there is no dental standard that speciû -

cally addresses the characteristics of the materials used 

to produce orthodontic sequential aligners, neither for 

thermoformed nor additively manufactured aligner mate-

rials.= She added: <This makes it difû cult for practitioners, 

patients and regulators to compare them.=

The ADA is accredited by the American National Standards 

Institute to develop standards for dental applications and 

has been doing so since 1928. According to the ADA, 

<these standards establish requirements for safe and 

 effective dental products and technologies through a 

consensus-based process=. The ADA Standards Program

working groups consist of volunteers who contribute their 

expertise to the development of standards and represent 

clinicians, health bodies, academic institutions and the 

dental industry.

<Developing precise test methods and criteria for key dental 

materials is essential for researchers, industry professionals 

and clinicians to better understand and identify their 

optimal characteristics, ultimately improving patient care,=

commented Dr Spiro Megremis, chair of the ADA Standards

Program Working Group 1.7 on Orthodontic Products, 

which helped develop the standard.

The proposed standard4American National Standards 

Institute/ADA Standard No. 1884can be accessed online.

Visit ADA.org/dentalstandards to learn about more about 

the standards programme.

Interested parties had two months to comment on a proposed American Dental Association standard that aims to enable comparison of aligners made by different manufacturers. 
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Multilayer materials enhance 
the efû cacy of aligner treatment
An interview with Dr Tarek Elshazly

Anisha Hall Hoppe, Dental Tribune International

According to a recent study, aligner force depends 

on the type of material and the direction of move-

ment, and multilayer materials are superior to single-

layer ones owing to their lower initial force for 

enhanced patient comfort and their ability to maintain 

consistent force application even after ageing. Dental 

Tribune International spoke with lead author Dr Tarek 

Elshazly, who conducted wide-scale research on 

different aligner materials at the University Hospital 

Bonn in Germany, about the implications of the 

research û ndings on orthodontic treatment with 

aligners.

Dr Elshazly, could you tell our readers a bit about 

your background and how you ended up in the very 

speciû c research area of materials development 

for dentistry?

I am a dentist with a strong interest in materials en-

gineering. I earned my bachelor9s degree in dentistry 

from Ain Shams University in Cairo in Egypt, where 

I also completed a master9s degree in dental bio-

materials. After this, I moved to Germany to pursue 

a doctoral degree (Dr. med. dent.) and a PhD in oral 

technology at the University of Bonn. To identify a suit-

able and novel research topic for my PhD, I reviewed 

the literature extensively and brainstormed ideas. I dis-

covered that the use of aligners was gaining signiû cant 

global traction as a promising alternative to traditional 

orthodontic treatments. However, there were still nota-

ble drawbacks and limitations associated with the ma-

terials used and the biomechanical behaviour of these 

appliances. This led to my focusing my PhD research 

on this topic under the supervision of Prof. Christoph 

Bourauel, a renowned scientist in dental biomechanics. 

As part of my research, we collaborated with various 

companies to test new and innovative materials, 

employing different techniques and specialised meth-

odologies to study the forces generated by these 

aligners.

In your research you found that there was a signiû -

cant reduction in force transmission after 48 hours 

of thermal and mechanical ageing of aligner ma-

terials. Do these û ndings hold signiû cance for the 

schedule of wearing aligners?

We are constrained not only by the aligner material 

but also by the periodontal ligament. Orthodontic 

tooth movement occurs through a biomechanical 

process within the periodontal ligament and bone 

when an appropriate force is applied to the tooth. 

Therefore, the ideal scenario is to use a material that 

can consistently apply the optimal force over the de-

sired time frame. Based on our research, we suggest 

changing the aligner every week or seeking a material 

capable of maintaining the necessary force over a 

longer period. Otherwise, the force is most effective 

only during the û rst few days of use4typically two or 

three4after which the aligner merely functions as 

a retainer.

Some researchers argue that this is acceptable be-

cause tooth movement primarily occurs within the 

û rst few days and that the aligners are only needed 

to maintain the new position to allow for bone resorp-

tion over the remainder of the period, usually ten days 

to two weeks. In my opinion, it would be more effective

Dr Tarek Elshazly. 
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to change the aligner weekly. However, this approach 

would lead to increased material consumption, rais-

ing costs and negatively affecting the environment. 

The best solution would be to develop a superior 

material that can sustain the necessary force for 

a longer duration. Multilayer materials have been 

introduced relatively recently to address some of 

the limitations of single-layer materials. While they 

are not yet ideal, they do offer better force sustain-

ability.

Could you explain a bit more about the speciû c 

beneû ts of using multilayer materials over single 

layer materials, and should clinicians consider 

changing their choice of materials?

The type of material used does not signiû cantly alter the 

overall process. Typically, aligners are quite rigid during 

the û rst few days as they move the teeth. However, 

multilayer materials are more û exible, offering greater 

comfort, whereas, in our research, we showed that 

single-layer materials provide better control over tooth 

movement. Based on these û ndings, we recommend 

using a combination of two materials for each single 

step. Treatment should start with a multilayer material 

for one week, followed by a single-layer material for an-

other week or just three days. This approach enhances 

movement control and maintains the necessary force. 

I believe that Angel Aligners is already implementing 

this technique.

Are there any new topics of research in materials 

development on the horizon that you are particu-

larly excited about?

What concerns me most right now is the high con-

sumption of plastic in the aligner industry, which is why 

we are actively seeking solutions. One potential solution 

is to use 3D-printed shape memory materials to reduce 

material waste. This approach would also allow for bet-

ter control over the design, leading to improved tooth 

movement, increased treatment accuracy and fewer 

reû nements and thus minimising the need for retreatment

to achieve optimal alignment. By ensuring precise con-

trol of tooth movement from the outset, we can reduce 

the number of aligners required and, consequently, the 

amount of material wasted.

Another area of great interest to me is the development 

of recyclable aligner materials. I recently encountered 

an American company at a dental show that has inno-

vatively introduced an eco-friendly, recyclable thermo-

formed aligner material. I haven9t found any research 

on this material in the literature yet, so we are planning 

to initiate studies on it soon.

Editorial note: The study, titled “Effect of thermome-

chanical ageing on force transmission by orthodontic 

aligners made of different thermoformed materials: 

An experimental study”, was published on 18 June 2024

in Orthodontics and Craniofacial Research, ahead of 

inclusion in an issue.

New research on dental materials has shown that aligners made with multiple layers could lead the way to improved treatment times and potential beneû ts for the environment. 

<What concerns me most 
right now is the high 

 consumption of plastic in 
the aligner industry.=
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Social media shapes students’ choices
in aesthetic dental treatments
Iveta Ramonaite, Dental Tribune International

Although the popularity of social media use in 

healthcare for health promotion, research, recruitment 

and marketing is increasing, there is limited scientio c 

evidence analysing its impact on aesthetic dentistry. 

In this regard, a recent study in a young adult population

found that social media can exert a powerful inn uence 

on those who are seeking aesthetic dental treatments 

by engaging users with visually appealing content and 

amplifying perceptions of beauty. This highlights its 

potential for promoting dental practices and increasing 

the demand for dental treatments.

Social media has a powerful ability to engage its users, 

altering their perceptions of reality and amplifying cer-

tain viewpoints. In the case of dentistry, this may trans-

late to promoting dental businesses and improving 

the sales of various products or services. For example, 

research shows how social media has increased 

demand for cosmetic dentistry. 

Another study also demonstrated how social media 

posts can help evaluate patient satisfaction with clear 

aligner therapy. 

Interestingly, data suggests that younger individuals 

are more aware of dental aesthetics and are more likely 

to be inn uenced by social media and the appearances 

of public o gures.

A recent study has reported that social media inn uences patients9 decisions about aesthetic dental treatments, with visual content from dental professionals 

playing a major role in shaping demand, particularly among younger individuals. 
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<In recent years, the use of social media has increased 

signiocantly. As a result, we found it relevant to explore 

the potential impact this trend could have on the oeld 

of dentistry,= lead author Dr Yolanda Freire Mancebo, 

associate professor in the department of pre-clinical 

dentistry at the European University of Madrid, told 

Dental Tribune International.

Social media as a valuable tool  
for  disseminating oral  
health-related information

In the cross-sectional study, the researchers, who are 

part of the Transformative Research in AI and New 

 Enhancements for Dentistry research group at the 

 university, conducted a web-based survey among 

 students over 18 years of age who were social media 

users and who had undergone aesthetic dental treat-

ment. A total of 504 responses were included in the 

data analysis.

Nearly two-thirds of the respondents identioed 

 Instagram as their preferred social media platform, 

surpassing the number of respondents who chose 

Facebook, Twitter, LinkedIn, TikTok or Snapchat. Almost 

all of the participants reported using social media daily, 

especially at night. Just over one-third of the partici-

pants had used social media to obtain information for 

their last aesthetic dental treatment, and nearly a third 

indicated that social media had innuenced their de-

cision to undergo their most recent aesthetic dental 

treatment.

The researchers observed no signiocant differences 

in the innuence of social media between men and 

women or across the different types of aesthetic 

treatments. However, they reported that time since 

last treatment had signiocantly innuenced decision- 

making. Speciocally, participants who had under-

gone an aesthetic dental treatment within the past 

year were more innuenced by social media compared 

with those whose treatment had taken place over  

two years ago.

Regarding content type, the visualisation of aesthetic 

dental treatments in social media posts by dental 

 clinics or dentists was found to be the most innuential, 

followed by posts by innuencers who had undergone 

treatments, common treatments posted on social media 

and social media advertising. <This result is particularly 

interesting because, among the vast array of aes- 

thetic dentistry content on social media, the content 

produced by dental professionals should be con-

sidered the most trustworthy,= Dr Freire Mancebo 

commented.

She added: <This places a signiocant responsibility on 

dental clinics and professionals who post on these 

platforms. It is essential that the content they share is 

grounded in scientioc evidence, complies with current 

legislation and adheres to the professional code of 

 ethics.=

Leveraging social media’s potential  
in dentistry

Recognising social media9s ability to have an impact on 

patients9 decisions about pursuing dental treatments, 

the researchers urged dental professionals to delve 

deeper into its potential and consider expanding its use 

within their practices. 

<Given the increasing use of social media and the 

growing presence of dentists and dental clinics  

on these platforms, its innuence is likely to expand.  

Therefore, it is important to further explore this trend to 

better understand the role of social media in shaping 

the demand for aesthetic dental treatments,= Dr Freire 

Mancebo said.

The researchers recommended that future research 

should examine social media use across more  

countries and include other age groups.

Editorial note: The study, titled “Social media impact on 

students’ decision-making regarding aesthetic dental 

treatments based on cross-sectional survey data”,  

was published online on 16 September 2024 in  

Scientific Reports.

<Given the increasing use of social media and the  growing 
presence of dentists and dental clinics on these platforms,  

its innuence is likely to expand.= 
4Dr Freire Mancebo
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Instagram helps researchers  evaluate  
patient satisfaction with clear aligner therapy
An interview with Drs Vincenzo Grassia,  
Fabrizia d’Apuzzo and Ludovica Nucci
Anisha Hall Hoppe, Dental Tribune International

Aligner orthodontics is one of the fastest-growing areas of 

cosmetic dental treatment. To broadly assess patient satis-

faction with aligner therapy, a team of researchers in Italy  

utilised the capabilities of social media to evaluate how patients 

rated their experience with the treatment. DTI spoke with authors 

Drs Vincenzo Grassia, Fabrizia d'Apuzzo and Ludovica Nucciof 

the University of Campania Luigi Vanvitelli in Naples about the 

study9s unique approach to data collection.

Dr Grassia, what inspired this study and the rather 

novel idea of using social media to evaluate patient 

satisfaction?

We were inspired by the growing innuence of social media 

in everyday life, including healthcare. Platforms like Instagram 

provide a unique window into patients9 experiences and 

sentiments in real time. By analysing these posts, we 

aimed to gain insights into patient perspectives on clear 

aligner therapy that are often unoltered and immediate,  

offering valuable feedback for both clinicians and manu-

facturers.

Dr d9Apuzzo, the study found that 54.8% of the 1,503 social 

media posts during aligner therapy were negative,  

primarily owing to pain. What specioc strategies do you 

rec ommend for orthodontists to mitigate these negative 

experiences during treatment?

Pain and discomfort are common issues with any ortho-

dontic treatment. We recommend that orthodontists provide 

thorough pretreatment counselling to set realistic expectations 

about potential discomfort. Additionally, offering tips for pain 

management, such as using orthodontic wax or over-the-counter 

pain relievers, can help. Regular follow-ups and open lines of 

communication can also ensure that any issues are promptly 

addressed.

Dr  Nucci, given that some patients expressed dissatisfaction 

with the aesthetic appearance of attachments, have you 

identioed any innovative solutions or modiocations that 

could improve the visual appeal of aligner therapy?

One promising area is the development of less noticeable 

attachments and aligners made from materials that better 

match the natural colour of teeth. Advances in 3D printing 

and materials science may soon allow for even more dis-

creet aligners. Patient education on the importance and 

beneots of attachments can also help mitigate dissatisfaction 

by emphasising their role in achieving the best possible 

treatment outcomes.

Dr Grassia, the research highlights high expectations 

among patients before starting aligner therapy. How can 

orthodontists better manage these expectations to align 

with realistic outcomes and potentially reduce negative 

sentiments during and after treatment?

Managing expectations is crucial. Orthodontists should 

 provide comprehensive consultations that cover both the 

beneots and the limitations of aligner therapy. Showing 

 before-and-after photos of previous cases, explaining the 

potential challenges and discussing the duration of treatment 

and the commitment required can help align patient expec-

tations with reality. Ensuring that patients understand the 

treatment process can signiocantly reduce dissatisfaction.

Dr d9Apuzzo, although social media provides a wealth of 

qualitative data, it also has limitations such as selection 

bias and recall bias. How do you think future studies 

could address these limitations to ensure more accurate 

and representative ondings?

Future studies could combine social media analysis with tra-

ditional research methods, such as surveys and clinical trials, 

to validate ondings. Utilising multiple social media platforms 

can also provide a broader perspective. Additionally, advanced 

data analysis techniques, including machine learning, can 

help identify and correct biases, making the results more  

robust and representative.

Dr Nucci, is there anything else you would like our  

readers to know about this or any other related research 

you may be working on?

We are continually exploring how digital tools and platforms 

can enhance patient care in orthodontics. Our future  

research will delve deeper into patient experiences and  

the efocacy of new technologies in orthodontic treatment. 

We believe that, by listening to and understanding patient 

feedback, we can improve treatment outcomes and patient 

satisfaction.

Editorial note: The study, titled “Instagram and clear aligner 

therapy: A content analysis of patient perspectives”, was 

published online on 20 May 2024 in Seminars in Orthodontics, 

ahead of inclusion in an issue.
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Simulated phantom heads 
might not yet be an improvement 
to dental instruction
Anisha Hall Hoppe, Dental Tribune International

As digital dentistry gains traction, dental education is 

increasingly adopting virtual systems, which also includes 

simulators that mimic real-life procedures. However, a recent 

study evaluating the efû cacy of virtual instructional models 

indicates that the new systems may not yet be up to par in rep-

licating the skill practice required by dental students and thus 

may need further improvement before being employed widely 

in dental schools.

Compared with physical phantom heads, simulators offer 

the possibility of reducing the need for physical resources in 

the training of dental students while also offering real-time 

feedback and greater accessibility to practice time. Despite 

the potential advantages of virtual simulators, the conventional 

methods have long been considered the gold standard. Phan-

tom heads allow students to work in a tangible environment, 

simulating real-world scenarios more accurately, including 

factors such as tooth hardness and handpiece ergonomics.

The newer virtual systems also allow students to perform a 

variety of procedures, both simple and complex ones involving 

anaesthesia or even implant placement. Individual patient 

cases can be digitalised and practised with no waste materials 

in a virtual environment as well. The study authors also cited 

research indicating that students trained on virtual platforms 

require signiû cantly less time with an instructor than those 

using physical materials.

For the study, 60 dental students were recruited, half of whom 

were trained using traditional phantom heads and the other 

half using the SIMtoCARE Dente haptic virtual reality simulator. 

All the students underwent training to prepare tooth #36 for 

a complete crown. Both groups had equal amounts of free 

practice time, and participants could seek feedback from faculty

members. At the end of the study, the students9 performance 

was evaluated by three experienced dental examiners.

The traditional phantom head group consistently outper-

formed the virtual simulator group in the û nal examination. 

The students who trained using the phantom heads scored 

signiû cantly better across all three examiners. Speciû cally, the 

phantom head group received grades that indicated good or 

satisfactory preparation, whereas the simulator group9s per-

formance was mostly rated as sufû cient or poor. Moreover, the 

authors noted that students who practised on phantom heads 

were better able to handle the real-life conditions of dental 

work, such as controlling the handpiece and managing patient 

anatomy. These û ndings suggest that virtual simulators might 

not yet be fully adequate for training dental students, especially 

when it comes to preparing for examinations or performing 

complex procedures on patients.

Participants in the phantom head group overwhelmingly 

preferred the conventional means of training, for both practice 

and examination preparation. Many students in the virtual 

Simulators for dental training may have their uses, but they are not yet sufû cient to replace traditional phantom head training. 
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simulator group expressed dissatisfaction with the virtual 

simulator, indicating that they did not feel well prepared for the 

û nal examination. A common criticism of the virtual system was

its lack of realism. The ability to rotate the virtual model 360°, 

for example, was seen as unrealistic, as it provided perspec-

tives not available in real-life scenarios. Additionally, the virtual 

system had technical issues, such as freezing and problems 

with rendering the teeth correctly, which undermined students9 

conû dence in its use.

Interestingly, students also noted that the lack of tactile feed-

back, such as the feel of the handpiece and the resistance of

the tooth, made the virtual system less intuitive to use. While virtual 

simulators offer certain advantages, such as reduced waste and 

the ability to practise anytime, these beneû ts were not enough 

to outweigh the drawbacks perceived by the students.

However, the study also acknowledged that virtual simulators 

have potential as supplementary tools, especially for introducing 

students to dental procedures in a more relaxed environment. 

For instance, the virtual environment allows for greater experi-

mentation, where students can try different techniques without 

the pressure of damaging a physical model. The authors ex-

pressed the view that, over time, virtual simulators may improve, 

particularly as haptic technology becomes more advanced.

They concluded that virtual simulators are not yet sufû cient 

to replace traditional phantom head training in dental education.

However, they can serve as useful tools for early-stage learn-

ing, particularly when used alongside traditional methods. 

For more advanced training, particularly in preparation for 

examinations and clinical practice, conventional methods still 

provide a more reliable and realistic experience for students, 

the authors said.

Editorial note: The study, titled “Efficacy of virtual preparation simu-

lators compared to traditional preparations on phantom heads”, 

was published online on 14 August 2024 in Dentistry Journal.

For the study, 60 dental students were recruited, half of whom were trained using traditional phantom heads. The students who trained using the 

phantom heads scored signiû cantly better. 

<Many students in the virtual simulator group expressed 
dissatisfaction with the virtual simulator, indicating that they 

did not feel well prepared for the û nal examination.=
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Early results indicate robotic dental 
implant system is quite accurate
Dental Tribune International

Autonomous dental implant robotic systems (ADIRSs) 

represent an exciting and innovative advancement in im-

plant dentistry, offering signiû cant potential for enhancing 

the precision and success rates of implant surgeries. 

According to recent clinical research by a team in China, 

the robotic system it tested demonstrates superior accuracy

in implant placement, particularly in controlling angular 

deviations and axial errors. The results indicate that the 

technology, which utilises a 6D robotic arm, is potentially 

more efû cient and precise than freehand and conven-

tional computer-aided implant placement methods, and 

enables minimally invasive surgeries.

The accuracy of implant positioning heavily relies on 

the expertise and manual skill of the clinician. Even slight 

deviations during the placement procedure could result 

in functional or aesthetic problems, potentially leading to 

complications such as nerve damage or implant failure. 

Deviations result in implant failure rates of up to 10% even 

for the most skilled surgeons, according to studies cited 

by the authors.

Although static and dynamic computer-assisted implant 

surgeries improve the precision of implant placement 

compared with freehand procedures, these methods 

have inherent limitations. In static computer-assisted 

surgery, for example, the guide must û rst be produced 

preoperatively, and it cannot be adjusted intraoperatively. 

Dynamic systems, while offering more û exibility, still 

require the surgeon9s continuous attention to a screen 

rather than direct observation, potentially giving rise to 

error due to fatigue or manual inaccuracies. This is where 

ADIRS technology emerges as a promising solution, 

offering real-time navigation and automation to perform 

implant surgeries with higher precision and reduced 

complexity. The surgeries were performed by an ADIRS 

called the FZ-DISAS-I, and a dental implant machine from 

two Chinese manufacturers (Sichuan Fengzhun Robot 

Technology and Kavacol Dental Medical Devices). 

Conducted at Peking University Third Hospital, the study 

 enrolled 74 participants with partial edentulism. The partici-

pants underwent preoperative CBCT scans, and the data 

was fed into the ADIRS software for surgical path planning. 

During the surgeries, the robotic arm autonomously pre-

pared the osteotomies and placed the implants.

Postoperative CBCT scans were used to measure devia-

tions between the planned and actual implant positions. 

The mean global coronal deviation was found to be 

0.61 ± 0.20 mm, the global apical deviation was 0.79 ± 0.32 mm 

and the angular deviation was 2.56 ± 1.10°. These results 

reû ect a high level of accuracy, comparable or superior 

to other computer-assisted methods. Notably, the study 

The use of robots in dentistry has progressed to the point of highly accurate autonomous implant procedures being performed by a robotic arm under clinical supervision. 
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found that factors such as the implant region (premolar 

or molar), jaw, implant length and surgeon did not signiû cantly 

affect the placement accuracy.

Beyond improved accuracy, further beneû ts of using an 

ADIRS in implant surgery include minimal need for human 

intervention and reduced potential for human error, oper-

ator fatigue and visual obstructions, which are common 

challenges in freehand and computer-assisted surgeries. 

The need for larger incisions or extensive soft-tissue ma-

nipulation is also reduced during an ADIRS procedure, 

promoting faster healing times and causing less post-

operative discomfort for patients.

The robot operates according to a preprogrammed 

 surgical plan. Unlike manual methods or dynamic 

computer-assisted surgery, which can require extensive 

experience to achieve a high level of precision, an ADIRS 

simpliû es the process, enabling less-experienced sur-

geons to perform implant surgeries with expert-level 

accuracy under proper supervision.

Despite its advantages, the use of ADIRSs in clinical settings 

is not without challenges, and the technology is still in the 

early stages. The hardware alone requires a considerable 

amount of space and additional personnel to operate efû -

ciently, and these requirements may pose logistical issues 

in smaller clinics or surgical settings. Additionally, the high 

cost of the equipment may lead to increased expenses for 

patients, potentially limiting its accessibility.

The researchers additionally noted the potential for errors 

if the positioning markers used during the surgery be-

come loose. These markers are crucial for the real-time 

tracking and navigation capabilities of the robotic system. 

Loosening of these markers during surgery can lead to 

deviations from the planned implant position. Therefore, 

careful monitoring and veriû cation of marker stability 

throughout the procedure are essential.

Furthermore, while the study demonstrated high accu-

racy in straightforward cases of partial edentulism, the 

authors indicated that more research is needed on more 

complex clinical scenarios, such as patients with severe 

bone defects and placement into extraction sockets. 

Future research will likely focus on expanding the applica-

bility of ADIRSs to a wider range of clinical situations.

Editorial note: The study, titled “Accuracy of an autonomous 

dental implant robotic system in dental implant  surgery”, 

was published online on 13 August 2024 in the Journal 

of Prosthetic Dentistry, ahead of inclusion in an issue.

<Beyond improved  accuracy, further beneû ts of using 
an ADIRS in implant  surgery include minimal need for  human 

intervention and  reduced potential for human error, 
operator fatigue and visual obstructions [...].=

CBCT scans are crucial for surgical path planning.
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Implant planning made easier with 
3D-printed shell complete dentures
Dental Tribune International 

Where time can realistically and safely be saved 

in dental and restorative treatments, so can both 

money and patient chair time. A new case series has 

documented the testing and use of 3D-printed shell 

complete dentures as a diagnostic tool in implant 

planning and provisional restoration fabrication to 

expedite full-arch restoration. The research highlights

the potential of this approach to simplify and stream-

line the process and to save clinical and laboratory 

time, offering enhanced aesthetic outcomes and 

functional results.

With technological advancements in implant design, 

imaging and manufacturing, there is a shift towards 

more efo cient planning and execution of implant- 

supported restorations. Digital technologies such as 

CAD/CAM have introduced new possibilities for creating 

precise dental appliances, including surgical guides 

and prostheses. These tools allow dental clinicians to 

overcome clinical challenges such as difo culty assessing

the occlusal plane and complex surgical interventions, 

making digital workn ows suitable for full-arch restoration

with implants.

3D-printed shell complete dentures

Conventional methods involve creating radiographic 

templates from duplicate dentures or desired tooth set-

ups to ensure ideal occlusion and aesthetic outcomes, 

whereas 3D-printed shell complete dentures are gen-

erated from the scans of the patient9s existing prosthe-

ses. They allow clinicians to assess critical aesthetic 

and functional parameters, such as facial support, lip 

position, vertical dimension of occlusion and occlusal 

Yet another advance in digital workn ows, a new technique using 3D-printed shell complete dentures saves patients valuable time when undergoing implant treatment. 
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plane orientation, before proceeding to implant place-

ment. These dentures serve as a diagnostic aid,  

enabling clinicians to visualise, validate and modify the 

prosthodontic parameters without altering the patient9s 

existing prostheses. This approach is beneocial for 

identifying aesthetic and functional deociencies and 

planning necessary modiocations to create ideal onal 

restorations.

These shell dentures guide the planning of implant location 

and the design of different types of provisional prostheses. 

As diagnostic devices, they support transfer of the  

intra-oral relationships to a semi-adjustable articulator 

and determination of what intra-oral adjustment is  

required before provisional prosthesis delivery.

By using existing prostheses as a template, 3D printing 

simplioes the creation of provisional restorations, saving 

time and resources. This efociency is particularly valu-

able in cosmetic dentistry, where patient satisfaction 

and reduced treatment time are paramount.

The presented cases

The study presents a case series involving three pa-

tients who underwent full-arch restoration using the 

3D-printed shell denture protocol. Each case illustrates 

the practical application and advantages of this  

technique.

The orst patient presented with a maxillary complete 

denture, compromised mandibular teeth, a decreased 

vertical dimension of occlusion, an irregular occlusal 

plane and an unstable occlusion. Treatment involved 

provisional maxillary and mandibular prostheses, fol-

lowed by a onal maxillary complete denture and  

a mandibular implant-supported complete denture. 

The use of 3D-printed shell dentures allowed for  

accurate assessment and enhancement of aesthetic 

parameters.

The second patient presented with a severely resorbed 

maxillary arch, a partially edentulous mandible, a de-

creased vertical dimension of occlusion and an irregular 

occlusal plane. The treatment involved placement and 

immediate loading of six implants with a provisional 

complete denture, followed by a onal maxillary com-

plete denture and implant-supported restoration of the 

edentulous site #46. The 3D-printed shell complete 

dentures facilitated accurate implant placement and 

improved aesthetics.

The onal patient presented with a severely resorbed 

maxillary arch, overerupted anterior mandibular teeth, 

and maxillary and mandibular removable prostheses 

showing excessive wear, irregular occlusion, signiocant 

discoloration and multiple repairs, indicating anterior 

hyperfunction syndrome. Treatment involved four zygo-

matic implants for the maxillary arch, restored with  

a provisional maxillary complete denture, and a new 

mandibular removable partial denture supported on 

two implants. The 3D-printed shell complete denture 

approach allowed for effective management of the 

complex anatomical changes and ensured satisfactory 

aesthetics and function.

Key components for success

The researchers emphasised the importance of  

thorough data collection and extra-oral and intra-oral 

 assessment in implant planning from the beginning  

for full-arch restoration. By providing a tangible repre-

sentation of the projected treatment, the 3D-printed 

shell dentures supported communication between the 

prosthodontist, oral surgeon and patient and encouraged 

patient treatment acceptance.

The process reduces the need for extensive occlusal 

adjustments and expedites the creation of provisional 

restorations, offering a signiocant time-saving advan-

tage over traditional methods. Additionally, the ability to 

customise prosthetic appliances based on the patient9s 

existing dentures ensures that aesthetic and functional 

parameters are tailored to individual needs. The accu-

racy and precision of 3D-printed shell complete den-

tures lead to better implant positioning, improved aes-

thetic results and enhanced patient satisfaction, aligning 

with the goals of cosmetic dentistry and restorative 

practices.

Editorial note: The study, titled “3D-printed shell complete 

dentures as a diagnostic aid for implant planning and  

fabricating interim restorations for complete arch re-

habilitations: A case series”, was published online on  

22 July 2024 in the Journal of Prosthodontics, ahead  

of inclusion in an issue.

<This approach is beneocial 
for identifying aesthetic  

and functional deociencies 
and planning necessary 

 modiocations to create ideal 
onal restorations.=
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2023 global insights: Market 
developments and top û ve companies
in the intra-oral scanner market
Donna Santos & Dr Kamran Zamanian, Canada

CAD/CAM was û rst introduced in 1973 and continues 

to evolve, adapting to the wave of innovation and digiti-

sation.1 The û rst intra-oral scanner was developed in the 

1980s.2 Since then, numerous intra-oral technologies 

with diverse features have been launched.

Several inû uential factors have propelled the growth 

of the intra-oral scanner market, and infection control, 

 accuracy, production efû ciency, the popularity of clear 

aligners and the growing number of dentists are several 

of the major drivers. The signiû cance of infection control 

became even more apparent during the COVID-19 pan-

demic.

Market trends

The total market value of intra-oral scanners globally in 

2023 was estimated to be US$1.02 billion (¬919 million*).3

With the global population on the rise and a concurrent 

increase in the number of dentists in many countries, the 

potential growth rate is projected to remain strong and to 

reach a valuation of US$1.6 billion in 2030.

Installed base

North America exhibits the most rapid growth rate in the 

adoption of intra-oral scanners, as indicated by the esti-

mated installed base in 2018 and 2023, followed closely 

by Asia-Paciû c and Western Europe. The market is antic-

ipated to achieve a global installed base exceeding 

500,000 units by 2030. 

Align Technology9s iTero intra-oral scanners alone 

reached an installed base of 73,000 units worldwide 

in the û rst quarter of 2022 according to the company9s 

û nancial results.4

Market opportunity

The growing number of dentists stands as a persistent 

market driver, contributing to the ongoing growth of intra- 

oral scanners. Furthermore, the younger generation 

of dentists exhibits the highest potential for adopting 

CAD/CAM systems, inû uenced by their exposure to tech-

nology during their education.

A new market report from iData Research indicates continuous growth in the intra-oral scanner market globally. 
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Upon comparing the estimated installed base and the 

number of dental clinics across all regions, it was deter-

mined that Asia-Paciû c holds the highest potential for 

the adoption of intra-oral scanners. According to data 

from the Organisation for Economic Cooperation and 

Development, Australia experienced an increase of over 

30% in the number of dentists from 2011 to 2021. Following

closely, Latin America is emerging as a region with sub-

stantial room for the adoption of intra-oral scanner tech-

nology. It is estimated that the total number of dentists in 

Brazil constituted more than 50% of the overall number 

of dentists in Latin America. Brazil has witnessed a sig-

niû cant surge in the number of dentists, growing from 

264,000 in 2015 to over 360,865 in 2022.5, 6

Competition landscape

The global intra-oral scanner market is predominantly led 

by Align Technology, 3Shape, Medit, Dentsply Sirona and 

Envista Holdings. These companies have signiû cantly 

contributed to market growth through continuous product 

innovations and efforts to educate dental practitioners 

about the advantages of embracing digitisation through 

intra-oral scanners. This approach has driven a substantial 

surge in unit sales worldwide.

Align Technology

Align Technology was the leader of the global intra-oral 

scanner market in 2023. The company has been expand-

ing its presence globally and in September 2022 opened 

a new manufacturing plant located in Poland to reach 

the under-penetrated market in Europe, the Middle East 

and Africa.7 Through the plant, the company plans to 

strengthen its production and estimates the creation of 

2,500 jobs in 2025.8

Its Invisalign aligners have become increasingly popular 

in recent years, and this has allowed Align to make 

serious advances within the intra-oral scanner market. 

General dentists and orthodontists who wish to offer 

Invisalign services are offered heavy discounts on 

Align9s iTero intra-oral scanners, which are the preferred 

means by which to submit Invisalign cases. Partner-

ships with dental support organisations, dental clinic 

chains, dental service groups and dental practice net-

works have strengthened its position as the strongest 

competitor in the intra-oral scanner market. Its software 

upgrades for exocad and iTero have also had a signiû -

cant inû uence on the expansion of its intra-oral scanner 

business.

In 2023, Align released iTero Element Plus Series, which 

offers an advanced scanning capability. This year, 

the company launched iTero Lumina, which boasts a 

compact and smaller wand size.

3Shape

3Shape has been able to make strides in the market 

through ongoing innovations and product enhance-

ments. Since introducing its û rst intra-oral scanner, 

TRIOS, in 2011, 3Shape has continued to develop new 

scanners, releasing TRIOS 3 Mono in 2016,9 followed by 

TRIOS 3 in 2015.10 Notably from 2019, when it launched 

TRIOS 4, the company has consistently pursued ad-

vancements in its intra-oral scanner technology. TRIOS 4 

was the û rst intra-oral scanner to offer the timely detec-

tion of both surface and interproximal caries. In addition 

to equipment, the company has continued to actively 

upgrade its software, recognising its equal importance 

in driving device innovation. Its intra-oral scanners 

have continued to gain popularity, and in 2022, 3Shape 

Global intra-oral scanner market for 2020–2030. (Image: © iData Research)
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released an upgraded and wireless intra-oral scanner, 

TRIOS 5.

In June 2021, Dentsply Sirona and 3Shape announced 

a strategic partnership to enhance digital dentistry and 

oral healthcare. A key facet of this collaboration involved 

granting users of 3Shape9s TRIOS scanners access to 

Dentsply Sirona9s SureSmile aligner software. The pri-

mary goal of this collaboration is to simplify the digital 

workû ow for dental professionals, ultimately improving 

efû ciency and precision.

Medit

Medit produces low-cost scanners and maintains a 

number of partnerships, which have allowed it to secure 

a modest foothold in the overall market. Medit û rst an-

nounced its intra-oral scanner device, the Medit i500, in 

2018. However, in 2020, the company lost its right to sell 

the Medit i500 in Germany owing to an infringement law-

suit û led by 3Shape. Medit launched the Medit i700 in 

2021, and then in 2022, it launched the Medit i600 and 

Medit i700 wireless scanners. These scanners are dis-

tributed through global partnerships with Straumann 

Group and Kulzer. Moreover, its software, Medit Link, 

which allows dentists and dental laboratories to connect 

and conduct business, has bolstered the demand for the 

company9s intra-oral scanners.

In 2022, MBK Partners, one of the largest private equity 

funds in north-east Asia, signed a deal to acquire Medit. 

Two years after the acquisition, Medit released the Medit 

i900 intra-oral scanner, which features upgraded capa-

bilities and functions, a lighter weight and a smaller size 

compared with the Medit i700.

Dentsply Sirona

The vast majority of Dentsply Sirona9s share in the market 

stemmed from sales of chairside systems, mainly CEREC. 

CEREC uses the Primescan intra-oral scanner, which was 

launched in 2019, and in 2022, Dentsply released a more 

accessible laptop version, Primescan Connect.

Dentsply Sirona has a strong partnership with several large 

distributors, such as Henry Schein and Patterson Companies,

as well as with dealers and importers. Moreover, its market-

ing approach centred on dental practitioners, dental schools 

and dental laboratories has contributed signiû cantly to the 

demand for its chairside system and intra-oral scanners. 

Furthermore, its Connect and CEREC software updates, 

along with improvements to its intra-oral scanner û rmware, 

have enhanced the appeal of the product for current users 

and have the potential to attract new buyers.

Envista Holdings

Envista9s acquisition of Carestream Dental9s intra-oral 

scanner business in April 2020 positioned it to become 

one of the major competitors in the intra-oral market.11

Its intra-oral market share is due to Carestream Dental9s 

CS 3600 and CS 3700. While these scanners are often 

sold separately, they are marketed as a part of the 

CS Solutions line, which includes the CS 3100 milling 

machine and is bundled with exocad software to offer 

a chairside CAD/CAM package.

Carestream Dental partnered with the now defunct 

SmileDirectClub in February 2022 to utilise the CS 3700 

in its SmileShops and partner network locations.12 It was 

considered a demand propeller, given the increased 

Global intra-oral scanner market for 2020–2030. (Image: © iData Research)
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demand for aligner treatment during and after the 

COVID-19 pandemic.

Carestream Dental was rebranded as DEXIS and oper-

ates as part of the Envista equipment and consumables 

business. In October 2022, DEXIS launched the DEXIS 

IOS Solutions portfolio.

Closing thoughts

The market growth of intra-oral scanners is being driven 

by several factors, including the increasing number of 

dentists and dental clinics, the rise in demand for aligners, 

and the need for production efû ciency, accuracy and in-

fection control. Product innovation and software upgrades 

have further grown this demand. As the competitors in the 

intra-oral scanner market continue to expand across all of 

these regions, it is expected that the market demand will 

grow signiû cantly annually by 2030. North America is ex-

pected to experience slower growth compared with other 

regions owing to the region reaching market saturation in 

the coming years; however, demand will persist, primarily 

driven by unit replacement. In Western Europe, the market 

is growing exponentially, as there is aggressive adoption 

and integration of digitisation in workû ows. Asia-Paciû c 

and Latin America have been identiû ed as top regions with 

high potential for growth. Nevertheless, the regional aver-

age selling prices in these areas are typically lower than 

those in North America and Western Europe, affecting the 

overall market value.

* Calculated on the OANDA platform for 29 December 2023.

Editorial note: Please scan the QR code for the 

list of references.
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Global installed base of intra-oral scanners and number of dental clinics in 2023. (Image: © iData Research)

“The global intra-oral scanner 
market is predominantly 
led by Align Technology, 

3Shape, Medit, 
Dentsply Sirona and 
Envista Holdings.”
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“Patients always respond favourably 
to visual information, especially 
when it involves their mouth!”
An Interview with Dr Volinder Dhesi

Iveta Ramonaite, Dental Tribune International

Visual tools such as intra-oral scanning and photogra-

phy have transformed the way clinicians communicate 

with their patients, making complex dental conditions 

more comprehensible and underscoring the impor-

tance of timely treatment. In this interview with Dental 

Tribune International, Dr Volinder Dhesi, an experienced 

dentist and advocate for digital innovation in dental 

care, shares insights on how these technologies can 

deepen patients9 engagement and concern for their 

oral health. He also discusses some strategies for 

integrating these tools into dental practices in order 

to foster better communication, enhance treatment 

acceptance and improve patient outcomes. 

Dr Dhesi, how can digital technologies be used 

to deepen a patient9s concern about his or her oral 

health without causing undue anxiety or fear, and 

why is that important?

Ultimately, as clinicians, it is our job to educate our pa-

tients on the beneû ts of optimised oral health. We are 

challenged in that many dental conditions do not neces-

sarily exhibit pain or discomfort and patients can often 

ignore them. Through digital technologies such as intra- 

oral scanning and photography, we now have a better 

method of demonstrating both short- and long-term 

risks. Simply put, the patient can now see and under-

stand the current condition of his or her oral health as well 

as the consequences of leaving a condition untreated. 

We have found that these visuals are so powerful that 

most patients will be concerned enough to comply with 

treatment recommendations.

What speciû c digital tools or methods do you 

recommend for deepening patients9 engagement and

concern about their oral health?

This is a challenging question to answer. As dentists, 

we are lucky to have several great digital technologies 

at our disposal to help our patients understand their 

oral health status. For me, an intra-oral scan is an 

absolute must. We scan every patient in our practice 

with our Primescan, and we repeat these scans every 

year or two. Intra-oral scans are such a powerful tool 

to help open up the discussion on various conditions 

affecting the gingiva and the dentition. Ultimately, it 

allows me to help patients connect the dots on how 

different conditions can be interconnected and, more 

importantly, to explain the long-term consequences of 

these conditions. Patients always respond favourably 

to visual information, especially when it involves their 

mouth!

In the current economic climate, how do you 

balance addressing patients9 û nancial concerns 

while encouraging them to prioritise necessary dental

treatments?

Dr Volinder Dhesi. 
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This is where digital technologies are vital. We have 

already referred to deepening patients9 concern about 

their oral health. If an underlying condition may have 

signiû cant short- or long-term consequences for oral 

health, most patients will pursue treatment options to 

address this. 

However, it is paramount that the dentist takes the 

time to provide visual information so that patients will 

still want to pursue treatment, despite the challenging 

 economic climate.

What strategies would you recommend for getting 

the entire dental team on board with using digital 

technologies to increase treatment acceptance?

This is a great topic. Every dental ofû ce should em-

brace the task of getting all members of the dental 

team on board with the various dental technologies 

available. In the last few years, our dental hygienists 

have also begun scanning patients, and they can now 

see how important it is for them to track gingival levels 

and to be able to discuss oral conditions. We have 

found that using a platform such as DS Core to bring 

all the information together on one screen is very 

useful. It allows our team to have discussions without 

the need to have multiple windows open on different 

software.

We believe it is beneû cial for the team to discuss dental 

conditions and their long-term consequences. How-

ever, we encourage them to allow the clinician to review 

the available options with the patient.

Would you like to add anything else?

Ultimately, digital technologies have had a huge impact 

not only on the patient experience in our practice but 

also on the clinicians and the team. We see much more 

engagement by patients and the team in discussion around 

various oral conditions. 

We have observed that even our younger, less expe-

rienced dentists achieve a higher rate of treatment 

acceptance from patients. This is not surprising, since 

the advanced technologies available today really do help

patients understand their oral health. Most importantly, 

these deepen their concern about their oral health, and 

this is a great development.

Editorial note: The webinar, titled “Yes! Optimizing 

treatment acceptance utilising digital technologies” 

is available online after registration at https://campus.

dentsplysirona.com/en/.

“Through digital  technologies 
such as intra-oral scanning 
and photography, we now 

have a better method 
of demonstrating both  

short- and long-term risks.”
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The best of both worlds:  
A hybrid digital3analogue worknow  
for a maxillary full-arch  
implant-supported prosthesis
Dr Marijana Eic, Dr Don Robertson & Jae Won Sim, Canada

Introduction

Full-arch implant-supported oxed protheses have be-

come a highly desired solution for the rehabilitation of 

 patients with terminal dentition or completely edentulous 

arches. New developments in digital dentistry have 

 enabled practitioners to extract vital information from 

 intra-oral and CBCT scans to plan and execute fully 

guided implant placement that is prosthetically driven. 

Preoperative implant planning using a digital worknow 

can signiocantly improve the predictability and success 

of implant- supported restorations, lessening the burden 

on the surgeon and restorative dentist during the time  

of surgery.

Fig. 1: Full-face view of the initial situation. Figs. 2a & b: Frontal view of the initial presentation without (a) and with the partial acrylic denture (b).  

Figs. 3a & b: Occlusal view of the initial presentation without (a) and with the partial acrylic denture (b).

Figs. 4a & b: Mandibular anterior teeth at initial presentation (a) and after caries removal and injection moulding (b).
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When designing a full-arch implant-supported prosthe-

sis, optimal implant positioning is determined not only  

by the available bone structure but also by the prosthetic 

design, which accounts for occlusion, aesthetics and 

soft-tissue anatomy.1 Planning begins with data acquisition 

and may include extra-oral and intra-oral digital photo-

graphs, intra-oral scans, facial scans and CBCT imaging. 

This information is used to formulate a facially driven 

treatment plan that accounts for ideal incisal edge posi-

tion, lip dynamics and patient preferences.2 The STL ole 

from the intra-oral scan and the DICOM ole from the 

CBCT scan can be superimposed in implant planning 

software to design a surgical guide and provisional pros-

thesis, which can be fabricated using additive or subtractive 

manufacturing. It is imperative that the surgical guide  

is stabilised to prevent any movement during surgery, 

and often anchor pins are incorporated into the design  

to attain the highest level of surgical accuracy.3 Once  

the implants have been placed and primary stability con-

ormed, the prefabricated provisional prosthesis can be 

picked up intra-orally with resin and onalised extra-orally 

while the sutures are placed. This offers the patient im-

mediate aesthetics and function, improving the overall 

experience.

Achieving a passive ot is a key factor in the success of 

implant-supported oxed prostheses. Misot can lead to 

both mechanical and biological complications such as 

Figs. 5a–c: 3D-printed intra-oral mock-up to assess lip support and aesthetics. Frontal view (a). Frontal view with retracted lips (b). Occlusal view (c).  

Figs. 6a & b: High smile line without (a) and with the intra-oral mock-up (b). 

Figs. 7a–c: Anchor pin guide (a). Implant surgical guide (b). Provisional prosthesis (c).
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screw loosening, component fracture and bone loss.4 

During impression taking, it is crucial to accurately transfer 

the implant positions to the model to ensure a passive ot.5 

While a fully digital preoperative workup is advantageous 

to both patients and clinicians, the onal step of the full-

arch treatment (i.e. the deonitive prosthesis) has faced 

challenges with a digital worknow. Intra-oral scanners 

have shown clinically acceptable accuracy compared 

with conventional impressions for single crowns and 

short-span oxed prostheses.6 However, conventional  

impressions are more accurate for full-arch implant- 

supported prostheses than is intra-oral scanning tech-

nology.7, 8 While the technology continues to evolve and 

more-recent literature has shown comparable results  

between the two impression modalities, it may still be 

wise to exercise caution when digitally capturing full-arch 

implant impressions, as the accuracy greatly depends  

on the scanning strategy and many studies have been  

inconclusive.9

This case report demonstrates a hybrid digital3analogue 

worknow for the design and fabrication of a full-arch  

implant-supported oxed maxillary prosthesis. By combining 

technological advances in digital dentistry for planning a 

predictable surgery and provisional prosthesis with the gold 

standard conventional impression technique for fabricating 

the deonitive prosthesis, the patient experienced the best of 

both worlds in his or her care and treatment outcome.

Figs. 8a & b: Anchor pin guide design (a) and in situ (b). Figs. 9a & b: Implant surgical guide design (a) and in situ (b).

Fig. 10: Planning: angled multi-unit abutments attached to the ove stable implants.

8a 8b

9a

10

9b

| case report

28 3 2024



Case report

A 65-year-old female patient presented with maxillary  

terminal dentition, seeking a oxed solution to replace her 

missing and failing teeth (Fig. 1). Her maxillary arch had 

been rehabilitated 20 years before with a combination  

of crowns and bridges, and many of her teeth had been 

extracted within the last two years owing to recurrent  

caries. A maxillary partial acrylic denture had been fabri-

cated at the time to replace the extracted teeth; however, 

she was never happy with this prosthesis and used it in 

social situations only (Figs. 2a & b, 3a & b). She presented 

with only four remaining maxillary teeth, two of which had 

large recurrent caries and were deemed unrestorable.  

Although heavily restored, her natural mandibular den-

tition was still intact, but there was recurrent caries on  

all anterior teeth. 

After discussing both removable and oxed options,  

the patient decided to proceed with extraction of the 

remaining maxillary teeth and placement of six implants 

to support a full-arch oxed prosthesis. The recurrent 

caries on the mandibular teeth would be restored with 

direct composite resin restorations before injection 

moulding to level out the mandibular occlusal plane 

(Figs. 4a & b). 

After comprehensive examination, periodontal assessment, 

and scaling and root planing, an initial smile design was 

performed using full-face photographs to determine the 

ideal incisal edge position. Both arches were scanned 

with an intra-oral scanner (TRIOS 3, 3Shape) for a digital 

wax-up based on the preliminary smile design. This data 

was merged with a facial scan to generate a facially driven 

treatment plan. An intra-oral mock-up was performed  

using a 3D-printed prototype of the digital wax-up to  

assess aesthetics and upper lip support without a nange 

(Figs. 5a3c). Owing to excessive lip mobility and a high 

smile line, the plan was to fabricate a Misch classiocation 

FP-1 (with no pink in the design; Fig. 6a & b). Since the 

transition line could not be hidden without substantial 

bone removal, the patient accepted a prosthetic design 

with long teeth. Once the design had been approved,  

oducial markers were placed on the prototype and 

scanned intra- orally. This was followed by a CBCT scan. 

The resulting STL and DICOM oles were merged in  

implant planning software (coDiagnostiX, Dental Wings) 

for restoratively driven implant planning. This was used to 

produce an anchor pin guide, pin-retained surgical guide 

and pin-retained provisional prosthesis with access holes 

for pickup (Figs. 7a3c).

When planning a full-arch case, we have the challenge  

of determining where the most ideal implant locations 

would be. It is important to balance the anterior3posterior 

spread with the anatomical limitations that the patient 

presents with. While the published success rates in  

general appear to be very similar between tilted implants 

and straight implants in terms of failure rate and marginal 

bone loss over three years in function,10 the placement  

of tilted implants is much more sensitive to technique.11  

It is important to maintain symmetry of implant placement 

for equal stress on the implants and to manage the can-

tilevers. In this case, it was determined that after osseous 

reduction there would be no or minimal native bone  

remaining around the distal implants. Anterior3posterior 

spread should be determined by bone quality, number 

and distribution of implants, rehabilitation design and 

prosthetic material,12 and in this case, extending to the 

orst molars was deemed appropriate.

At the time of implant surgery, the tooth-supported  

anchor pin guide was tried in and full seating conormed 

Fig. 11: Multi-unit abutments attached to the implants. Fig. 12: Temporary 

abutments attached to the multi-unit abutments. Figs. 13a & b: Provisional 

prosthesis inserted with anchor pins design (a) and in situ (b). Fig. 14: Pickup 

of the provisional prosthesis. Fig. 15: Provisional prosthesis after removal of 

the anchor pins and palatal supports. Figs. 16a & b: Provisional prosthesis 

on the day of implant surgery. Frontal view (a). Frontal view with retracted 

lips (b).
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through the windows incorporated into the design  

(Figs. 8a & b). After the four anchor pins had been in-

serted, the remaining maxillary teeth were extracted and 

a mucoperiosteal nap was raised prior to placing the 

pin-retained surgical guide (Figs. 9a & b). Implants were 

placed in sites #15, 13, 11, 21, 23 and 25 (Bone Level 

 Tapered Implant, Roxolid, Straumann), implants #15 and 25 

being angled to avoid sinus grafting. Primary stability 

was conormed at all sites except site #23, which was 

treated as a two-stage surgery and left out of the pro-

visional prosthesis. Angled multi-unit abutments (SRA, 

Straumann) were attached to the ove stable implants 

(Fig. 10), followed by insertion of temporary abutments in 

preparation for pickup (Figs. 11 & 12). The provisional 

prosthesis was then placed using anchor pins and sub-

sequently attached to the temporary abutments with 

nowable composite resin (Figs. 13a & b). Minor occlusal 

adjustments were made before removal of the provi-

sional prosthesis for onishing and polishing while the 

 surgical sites were sutured (Figs. 14 & 15). The provisional 

prosthesis was reinserted, and postoperative instructions 

were given (Figs. 16a & b).

After four months of healing, osseointegration was  

conormed, and second-stage surgery was performed at  

site #23. A preliminary closed-tray impression was taken  

with polyvinylsiloxane for the fabrication of a custom 

open tray. The onal impression was captured using an 

open-tray technique with splinted impression copings 

(Fig. 17). A veriocation jig was designed and 3D-printed 

from the scanned master cast and re-luted intra-orally 

with Triad gel (Dentsply Sirona; Fig. 18). Passive ot on the 

master cast was conormed with the one-screw test.  

A new prototype with a hybrid FP-13FP-3 design was 

milled from polymethylmethacrylate to assess whether  

a more pleasing aesthetic result could be achieved, 

knowing that the pink transition line may be visible in the 

anterior (Figs. 19a & b). The patient preferred the new  

design, since the anterior teeth were more proportionate 

and the gingival shade blended well with her natural tissue 

(Figs. 20a & b). The deonitive prosthesis was milled from 

monolithic zirconia, and a maxillary night guard was pro-

vided at the onal insertion appointment (Figs. 21a3c).

Fig. 17: Splinted open-tray impression copings. Fig. 18: Veriocation jig re-luted intra-orally. Figs. 19a & b: Prototype with new design to improve aesthetics. 

FP-3 in the anterior (a). FP-1 in the posterior (b). 

Figs. 20a & b: Provisional prosthesis before (a) and after design modiocation (b).
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Discussion

The hybrid digital3analogue worknow presented in this 

paper displays the merging of digital advancements with 

conventional techniques to optimise the rehabilitation  

of a patient with terminal dentition. This approach en-

hances the predictability and success of full-arch implant- 

supported prostheses by addressing the inherent limita-

tions of both methods when used in isolation. Precision 

and efociency have been increased substantially in mod-

ern implant dentistry through digital planning and guided 

surgery. The patient9s postoperative experience can be 

greatly improved with immediate placement of a provisional 

prosthesis, restoring function and aesthetics on the day 

of surgery.

Despite the advantages of digital technology, the de-

cision to use an analogue technique for the deonitive  

prosthesis underscores the current limitations of intra- 

oral scanners for full-arch implant-supported prostheses. 

This case demonstrates how combining digital and con-

ventional methods can streamline the worknow and  

reduce the risk of complications from improper implant 

placement or a non-passive ot. 

Patient feedback and prototype testing were crucial in 

 reoning the prosthetic design before fabrication of the 

 deonitive prosthesis. This adaptability in the treatment 

plan created a more aesthetically pleasing result and 

 improved overall patient satisfaction.

Conclusion

The use of dental implants can provide life-changing 

treatment for edentulous patients. Careful case selection 

and planning are key to obtaining optimal results. This 

case report illustrates the effective use of a hybrid digital3

analogue worknow for rehabilitating a patient with maxil-

lary terminal dentition. By combining digital techniques 

such as intra-oral scanning, CBCT imaging and facial 

scanning with conventional splinted open-tray impres-

sions, the treatment achieved precise implant placement 

and ensured a passive ot of the deonitive prosthesis. 

Overall, this hybrid approach highlights the beneots of 

 integrating digital and traditional methods in complex  

full-arch rehabilitation. As digital 

technologies continue to evolve, 

further comparative studies are  

required to establish standardised 

protocols that take full advantage of 

these innovations in clinical practice.
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Clinical success in guided full-arch 
rehabilitation using Smilecloud 
Dr Hani Tohme, Lebanon

Introduction

Digital worknows in dentistry have revolutionised how  

clinicians approach complex procedures, enhancing precision, 

efociency and patient outcomes. Among these advancements, 

the integration of fully guided systems for full-arch rehabilitation 

has emerged as a game-changer. This clinical case report 

highlights the clinical success achieved through a fully guided 

digital worknow using Smilecloud, a cutting-edge smile design 

and centralised collaboration platform.

Smilecloud represents a signiocant leap forwards in dental 

technology, providing an integrated platform that facilitates 

seamless communication between clinicians, patients and 

dental laboratories. By leveraging the power of digital tools, 

Smilecloud enhances every aspect of the rehabilitation pro-

cess4from diagnosis and treatment planning to execution 

and follow-up. This comprehensive approach ensures not 

only improved clinical outcomes but also a more streamlined 

and collaborative experience for all involved.

Furthermore, Smilecloud turns design into an immersive  

experience by engaging patients with meaningful visual 

communication. This approach has achieved an increase  

in case acceptance at our practice by allowing patients  

to  visualise diverse clinical scenarios and understand the 

 potential outcomes of their treatment. By previsualising 

these scenarios, we, as clinicians, can provide a more com-

prehensive and reassuring consultation experience, aligning 

patient expectations with clinical possibilities.
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In the following case report, we present a fully guided full-

arch rehabilitation, underscoring the clinical beneots of dig-

ital worknows. With this, we aim to demonstrate how digital 

solutions can elevate the standard of care, fostering better 

clinical results and enhancing patient satisfaction.

Initial situation

A generally healthy 65-year-old male patient who smoked 

ten cigarettes per day and reported no medications pre-

sented to our clinic seeking a maxillary oxed restoration to 

replace his existing removable partial denture. His primary 

goal was to achieve a natural-looking smile that closely 

mimicked the appearance of natural teeth in terms of 

shape, colour and alignment. Additionally, he desired  

the new restoration to be stable and free from movement, 

providing a secure ot that would enable him to chew food 

properly without discomfort or difoculty, improving his 

overall quality of life.

Extra-oral examination showed no signiocant abnorma-

lities. The patient presented with a medium smile line  

(Figs. 133). The intra-oral examination revealed a oxed 

bridge spanning teeth #23326 to which the removable 

metal partial denture attached (Fig. 4). Teeth #22-17 had 

been extracted a long time before, and the ridge in this  

region had healed. No plaque or innammation was observed. 

The teeth exhibited mild to moderate attachment loss, but 

no endodontic or periodontic lesions or root fractures were 

observed (Figs. 538). Analysis of the panoramic radiograph 

indicated sufocient vertical and horizontal bone availability 

and adequate bone quality; therefore, there was no need 

for guided bone regeneration (Fig. 9). According to the  

International Team for Implantology9s SAC classiocation, 

the case was categorised as advanced to complex.

Treatment planning

We utilised the Smilecloud web-based platform to improve 

communication and visualise various treatment scenarios 

with the patient. This platform enabled us to create highly 

realistic smile designs and easily share them with our team 

and the patient, signiocantly enhancing discussions and  

informed decision-making regarding the treatment plan.
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For the procedure, we decided on the Straumann Pro Arch 

approach, involving the immediate placement of six  

Straumann BLX implants (Roxolid material and SLActive 

surface) in the upper jaw. This digitalised method would be 

performed after atraumatic extractions, and a provisional 

prosthesis was planned to be placed on the same day.

The treatment worknow included:

1.  digital mock-up with Smilecloud (Figs. 10312);

2.   digital planning using coDiagnostiX (Dental Wings; Figs. 13315);

3.  surgical guide design in coDiagnostiX and 3D printing of the 

guide for the prosthetically driven drilling protocol (Figs. 16 & 17); 

4.  atraumatic extraction of the hopeless teeth: #23326;

5.  immediate placement of six Straumann BLX implants;

6.  immediate provisionalisation; and

7.  onal prosthetic restoration with a screw-retained full-

arch prosthesis.

Surgical procedure

The patient used a 0.12% chlorhexidine mouthwash  

24 hours prior to the surgery, and Augmentin (amoxicillin  

and clavulanic acid, 2 g) was administered 2 hours before 

the surgery. Local anaesthesia with 4% articaine and 

1:100,000 adrenaline was given. The oxed bridge was  

removed, and atraumatic extraction of the hopeless teeth 

was performed (Figs. 18320).
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