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Dear readers,
Fifty years ago, for the most part, all the dentist had to know about direct restorative materials was how to use dental 
amalgam and silicate cement. The preparation design for amalgams was well understood, and mechanical retention was a 
fundamental requirement. Reliable adhesion to both dentin and enamel was utopian, metal free ceramics were not durable, 
and light-cured resins had yet to be developed. Today, we have a multitude of materials and techniques that enable the 
dentist to produce direct and indirect restorations that are practically undetectable for both the dentist and the patient. 
However, there are tremendous consequences from having so many restorative materials and techniques available, and 
it has become more and more difficult for both practitioners and university professors to find their way through what 
is now considered a restorative jungle. On the one side, the internet offers in milliseconds a vast amount of information, 
which often sounds interesting and authoritative but, unfortunately, it is not always correct. Most dental schools claim 
to teach evidence-based dentistry and focus on providing treatment recommendations that are free from bias and based 
on prospective randomized double-blinded clinical trials. This approach should ascertain the truth, but has some severe 
disadvantages. Firstly, it requires a long time for valid results to be produced; secondly, patients cannot be standardized; 
thirdly, there is often an element of bias in that the exclusion criteria for the very studies that we rely on often eliminate 
some significant parts of populations that are candidates for the treatment being evaluated. Finally, ethical considerations 
often limit the questions that can be asked from a prospective randomized, double-blinded clinical trial. This is further 
compounded by the fact that it has been estimated that more than 95% of recent prosthodontic and implant review articles 
failed to use search strategies that were systematic, thus undermining the conclusions upon which treatment decisions are 
based[1].   
One solution to the problems described above is a consensus conference. The principle is the following: experts, key opinion 
leaders, who represent the profession and industry come prepared to discuss a well-defined topic. Based on all their 
combined scientific, clinical and epidemiologic knowledge, together with presentations, a structured discussion occurs, in 
which proven, accepted information is sorted out from less valid information. In essence, this is now peer review by some 50 
key opinion leaders instead of peer review by 2 or 3 selected reviewers for a ’peer reviewed’  journal publication. At the end 
of such a conference, a draft consensus paper is formulated, which is subsequently reviewed, edited and approved by those 
key opinion leaders. 
The Northern Light conferences at Dalhousie University in Halifax (Canada) have produced such recommendations for 
the light curing of direct restorations (2014) [2-4], dental light-curing units (2015) [5], bulk-fill restorations (2016) [6], and 
light-curing adhesives (2017) [7,8]. In July 2018, 50 dentists, scientists, clinicians, teachers, manufacturers, editors, and key 
opinion leaders met in Oslo for 3 days to discuss two topics, the light curing of indirect restorations and what exactly is 
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meant by the term ‘bioactive' in the context of restorative materials. The complexity of the latter topic made for spirited 
discussions, however, after several rounds of refinement, we are proud to present the following consensus statements as 
part of this editorial. We hope that this information will help dentists provide restorations that exhibit excellent longevity. 
The information will also help the reader understand what a bioactive restorative material should do.

Sincerely yours,
R.B. Price       and  J-F Roulet
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Light Transmission through Indirect Restorative Materials
a)There is an exponential decline in the amount of light that reaches the bottom of the restoration as its thickness increases. 
b)There are considerable differences in the amount of light that is transmitted through the various types and shades of 
restorative material.
c)The shorter wavelengths (violet, ~ 410 nm) do not pass through materials as well as longer wavelengths (blue, ~ 460 nm) 
of light.
d)Future studies should account for external and internal reflection, refraction, and absorption due to variation in the 
surface finish and the incident angle of the light.
At the meeting, it was agreed that, when luting indirect restorations, dentists should:
• use the recommended adhesive - cement combinations, particularly when using self-etching universal adhesives together 
with dual-cure” resin cements;
• recognize that resins that are solely light-cured must receive sufficient light, check the thickness of the restoration, and stay 
within the cement manufacturer’s instructions for use; 
• recognize that most “dual curing” resin materials benefit from receiving additional light exposure;
• recognize that doubling the exposure time will not compensate for the reduction in transmitted light if the thickness of the 
restorative material thickness has doubled (e.g., from 1.0 to 2.0 mm);
• use “self-curing” or “dark-curing” resin cement systems that do not require any additional light when they are concerned 
that insufficient light will be delivered to the resin cement. 

Bioactive Restorative Materials (filling materials, adhesives, and cements)
“Bioactivity” applied to a dental restorative material should describe an active beneficial biological process. It is suggested 
that dental restorative materials may be called “bioactive” if, in addition to their primary function of restoring or replacing 
missing tooth structure, they actively stimulate or direct specific cellular or tissue responses, or both, or they can control 
interactions with microbiological species. Such effects should be characterized by the field of application, the effect, and how 
the effect was scientifically proven.
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The term “bioactive” may also be found in a wider sense to describe restorative materials that have one or more of the 
following:
• a character that causes the formation of reparative tissue;
• component(s) that dissolve that can be identified with normal physiological species that are involved in a biological process; 
• component(s) that dissolve and happen to have antimicrobial activity (this includes high-pH materials); 
• a surface conducive to cell attachment;
• a surface that may nucleate the formation of biological-like calcium phosphates, including bioapatite-like material, when 
in contact with saliva or tissue fluids;
• component(s) that dissolve and thereby cause local precipitation of biological-like calcium phosphates, including 
bioapatite-like materials, in a purely passive chemical process.
The Northern Light conferences at Dalhousie University in Halifax (Canada) have produced such recommendations for the 
light curing of direct restorations (2014) [2-4], dental light-curing units (2015) [5], bulk-fill restorations 
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Marian-Vladimir CONSTANTINESCU
DDS, MSc, PhD, Professor

Editor-in-Chief

Dear readers,
This fourth issue of the Stomatology Edu Journal (Stoma Edu J) closes a stage, namely the first five years in the existence of 
the journal. Together with the other two Editors-in-Chief, Prof. Jean-François Roulet (University of Florida) and Professor 
Rolf Ewers (Medical University of Vienna), we have tried to promote it in the academic and editorial space on all possible 
communication channels. I am deeply satisfied to tell you that through its important research, educational and specialty 
work, your Stomatology Edu Journal (Stoma Edu J) has managed to overcome the critical target mass of potential readers, 
the over 85,000 dentists in Central and Eastern European. Of course, if the 2013 census indicated there were 85,000 dentists, 
even though their number, with all the constant migration to the Western European countries, has increased by several 
thousand, the journal has been accessed by December 2018 by more than 190,000 readers, the difference being provided 
by readers in the United States, Great Britain, China, South Korea, India, Germany, Morocco, France, Seychelles, Greece, 
Turkey, Brazil, Austria, Honduras, Italy, Canada, Belize, Malaysia, the United Arab Emirates and others[1].
Upon its online appearance, the Stomatology Edu Journal (Stoma Edu J), in its first year of publication and after the second 
issue, in December 2014, had 190 unique visitors who made 534 visits to 1730 pages. There were 522 from Romania, 362 
from France, 348 from Ukraine, 291 from USA, 56 from Germany, 18 from the UK, 16 from Austria, 14 from the Russian 
Federation, 12 from Japan, and 10 from Vietnam, Lebanon and Sweden. Now after 5 years, after the publication of 15 issues 
at the beginning of December, we present the readers with the following significant data: over 190,000 unique visitors they 
made 418,458 visits to 1,901,772 pages, 589,857, from Romania, 521,351 from USA, 177,888 from China, 164,851 from the 
Russian Federation, 60,674 from France, 52,791 from Ukraine, 22,552 from Germany, 13,602 from Canada, 12,346 from the 
United Kingdom, 12,019 from India, 8,024 from  the Seychelles, 7,794 from Poland, 4.927 from South Korea, 4.191 from 
Brazil, 3.027 from Estonia, 2.518 from Italy, 1.913 from Moldova, 1.795 from Austria, 1.614 from the United Arab Emirates, 
and 1.350 from Israel. Exceeding the critical addressability number is due to several achievements accumulated during 
the five years of sustained activity that have increased the visibility of the Stomatology Edu Journal (Stoma Edu J), namely:
• constantly increasing the quality of the articles published due to the demanding work of the team of reviewers coordinated 
by Professor Emeritus, Stephen F. Rosenstiel, from The Ohio State University, Columbus, USA, Reviewer-in-Chief, to which 
there have been a series of prestigious Academic Editors associated since 2017;
• the scientific quality of the articles published has been consistently supported by the consistent language supervision 
permanently provided by the English Language Editor-in-Chief, Roxana-Cristina Petcu, Phil, PhD, Professor, University of 
Bucharest, Bucharest, Romania;
• access granted by the American Dental Association, ADA, to our readers from the first 2017 issue for each of the Stoma 
Edu J issues to an article with CE Program FAQs courtesy of Professor Michael Glick, American Dental Association Journal 
Editor, JADA, Mr. Michael Springer, Publisher, JADA, Mr. Nawin Gupta, Director of Business Operations, ADA and Mrs 
Stefanie K. Jewell-Thomas, Elsevier;
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• the Crossref allocation of a unique alphanumeric string, namely a Digital Object Identifier (DOI) as of 2017 and the DOI 
identification will be retrospectively attributed to all articles published starting with the first number;
• adding, as of 2017, to all references mentioned in the articles published alongside the Digital Object Identifier (DOI), active 
links from PubMed, Google Scholar and Scopus to join the quoted publications circuit;
• positioning the journal in significant databases such as: Academia.edu[2]; InfoBase Index[3]; Google Scholar[4]; SHERPA 
/ RoMEO[5]; National Library of Medicine (NLM)[6];  International Committee of Medical Journal Editors (ICMJE)[7].
• the evaluation and indexing by the Directory of Open Access Journals (DOAJ) in 2018 as a certification of the quality of the 
published articles. DOAJ posted on its website 40 articles, Abstract and Full Text[8].
In the coming months, we look forward to the scientific quality review and the technical evaluation from PubMed Central 
(PMC) and Clarivate Analytics. The PubMed Central (PMC) assessment consists in the mandatory compliance with 
the minimum technical publishing standards (PDF and XML) and the quality of the articles. The obligatory technical 
condition of the XML format has put us in a position to look for a language-savvy collaborator. Our new collaborator, Dr. 
Simon Cleemput, a dental student at the University of Leuven, Belgium, has offered to support the unanimous desire of 
the editors and many other authors so that the Stomatology Edu Journal (Stoma Edu J) could be registered in MEDLINE. 
Professor J.-F. Roulet, guided by John Calvin Maxwell's quote, an American author focusing on leadership, “You can not 
solve tomorrow's problems with today's solutions.” has decided to introduce an editorial management software https://
manuscriptmanager.com. The software has been successfully used by Prof. J.-F. Roulet as editor of The Journal of Adhesive 
Dentistry, a journal rated IF: 1.691 (2017) and Oral Health & Preventive Dentistry  for many years. This editorial software is a 
gift offered to me by Prof J-F Roulet on my 70th birthday . The benefits of this software that simplifies the peer review process 
will be enjoyed by all authors of the Stomatology Edu Journal (Stoma Edu J) starting with the first issue in 2019. Beginning 
on January 1st 2019, authors can log in to www.manuscriptmanager.net/stom[9], create  a user name and password as an 
author and from then on the fully blinded peer review process will be accomplished in a hopefully fast and efficient way. The 
submitted manuscript will then be sent to reviewers by the click of a button by the editor and reviewers will be reminded 
automatically if they did not meet the deadlines. In order to respond to the invitation of the Romanian Academy to stimulate 
the international circulation of scientific information through the electronic archive - "Academica Romanian Index", I renew 
my request to every Editor who wishes to bring his scientific contribution to the Stomatology Edu Journal (Stoma Edu J) 
that, by March 1st, they should send a CV of maximum 250 words regarding their contribution in the field, surname, names, 
scientific titles, current administrative titles, the institution's logo and a recent 3.5 x 4.5 cm color photograph .
In line with the management software introduced to   make the publishing team more accountable, to increase the quality of 
the published articles and the number of readers since 2019, the editorial board will be restructured and will be organized 
by topics. Allow me to thank you for your five-year presence in the Editorial Board and please do not forget the over 190,000 
readers of the Stomatology Edu Journal (Stoma Edu J) who are waiting to read an article written by you and your colleagues 
as soon as possible.
On behalf of the Executive Editorial Board, I wish you and your loved ones a Blessed Christmas, a Happy New Year, and may 
your home be full of peace, health, well-being and joy. 

Sincerely yours,
M-V Constantinescu
Editor-in-Chief 
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Together with the readers and the editors at the Stomatology Edu Journal we would very 
much like to congratulate Professor Rolf Ewers on his 75th birthday. Throughout his 
academic career he has shown visionary leadership in clinical commitment, clinical expertise, 
innovation and research creating a brand name at the Vienna University. His department 
was known for its excellence at the top of cranio-maxillo-facial surgery. During and after his 
academic career he has been the figurehead for many of us and serves as a living example 
of what can be achieved with intelligence, manual dexterity,  perseverance, organisational 
and political talent, open mindedness and above all a profound understanding of patient 
care and commitment to each patient. He was born on 01.12.1943 in Litzmannstadt, Poland 
and attended school in Germany. Thereafter he spent one year as an exchange student in 
the United States. He graduated from the  medical school  and the dentistry one at Freiburg 
(Germany). Again he chose the United States for a surgical assistantship at the Downstate University Medical Center, 
Brooklyn – New York. His time in the US proved to be an excellent investment. Then he rose to academic prominence 
to the position of Professor Ordinarius and Chairman of the Department of Oral and Cranio-Maxillofacial Surgery at 
the University of Vienna, in November 1989, a position which he held till 2012. Being a savvy, hardworking and skillful 
surgeon with an excellent team around him, he came to be in the limelight of craniomaxillofacial surgery performing the 
first tongue transplantation in the world in 2003. He was granted German–Austrian dual nationality. Together with his 
wife Hildegund they raised 3 children: Josefine, Stephanie and Elisa. Hildegund is the most underestimated part of his 
biography. To channel  such an academic storm of talent and keep a balance between career and family life takes both 
IQ and EQ and she perfectly knows how to be the Neck in this succesful Head and Neck combination. It is impossible for 
the Head not to turn in the same direction as Hildegund. Pursuing an academic career requires great sacrifices to meet 
the expectations of a University: research, articles, PhD, lectures, teaching, resident training programs, clinical excellence, 
clinical output and active participation in national and international meetings, boards and journals. All of these tasks to 
be fulfilled at a fixed and modest wage!  Professor Rolf Ewers faced all these challanges without hesitation as if nature had 
gifted him with a constant stream of creativity and energy. He has written over 600 publications in the fields of cranio-
maxillo-facial surgery either as author, senior author or co-author, as well as more than 20 chapters in books.  He held more 
than 760 scientific lectures worldwide, more than 800 student lectures; he is a member of 29 professional associations, of 11 
editoral boards of national and international peer reviewed journals. His scientific success is based on medical research. He 
devoted much of his time and interest in bone replacement materials with porous hydroxyapatite, bone inductive proteins 
and bioengineered bone production. He was a leader in the development of 3D-reconstruction techniques and computer-
assisted intra-operative navigation, augmented virtual reality, and telesurgery.
He has been rightfully and frequently decorated with national and international prizes and awards.
We know he loves reading, bicycling, art, music and the State Opera in Vienna. We wish you and your family the very best 
in the future: enjoy life!

Constantinus Politis,    MD, DDS, MHA, MM, PhD
Professor and Chairperson 

Department of Oral and Maxillofacial Surgery 
University Hospitals Leuven, Leuven, Belgium 

Co-Editors-in-Chief (Europe) of Stomatology Edu Journal

DOI: https://doi.org/10.25241/stomaeduj.2018.5(4).letter.1

L
e

tt
e

rs

Laudatio in Celebration 
of Professor Rolf Ewers 
on his 75th birthday

https://orcid.org/0000-0003-4772-9897


Stoma Edu J. 2018;5(4):                    http://www.stomaeduj.com

22nd of International Congress of 
Esthetic Dentistry, Istanbul, Turkey

Between 19th – 21st  October, 2018, the Turkish 
Academy of Esthetic Dentistry (EDAD) held  its  
22nd  edition of the International Congress of 
Esthetic Dentistry. An outstanding event, with 
over 600 participants, held in the beautiful city 
of Istanbul, where   history and science perfectly 
combined together. 
The congress lasts for  3 full days of an intensive 
training program with theoretical presentations 
in one main hall as well as workshops and prac-
tical courses in parallel side halls. In addition, 
Poster and Oral Presentations brought about  
one other element that colored the congress, 
along with a very interesting exhibition area 
where the most important companies in the 
dental market presented their latest novelties. 
This year EDAD gathered the most sig-
nificant speakers in the field of dentistry:  
Dr. Stavros Pelekanos from Greece, Dr. Gaetano 
Paolone from Italy, Dr. Florin Cofar from Romania,  
Dr. Mirela Feraru from Israel, Dr. Marcelo Calamita 
from Brazil, Dr. Florin Lazarescu from Romania, 
Dr. Dan Herschbach from Germany, Dr. Andrea 
Fabianelli from Italy, and many more. Among 
the highlights of the scientific program were the 
topics surrounding aesthetic dentistry, digital 
dentistry, concepts of full mouth rehabilitation, 
restorative dentistry, soft tissue management, 
etc.
The EDAD Foundation celebrating its 22nd   
anniversary this year, was spearheaded by Galip 
Gürel, Selim Pamuk, Ata Anıl, Gazanfer Gür, 
Hasan Alkumru, Ahmet Kurtaran, Mete Fanuscu 
and Engin Taviloğlu.

EDAD has  brought Turkish dentists together 
with respected scientists’ high-quality presenta-
tion techniques and intense case study-based 
seminars. EDAD has set its mission to  become  
the primary channel to keep its members  up-
to-date with the advancements and changes in 
aesthetic dentistry in a quickly evolving techno-
logical environment, and has been successful in 
fulfilling its mission. 
One of the most important advantages EDAD 
provides its members with  is to show them that 
knowledge can be implemented in their practic-
es without making concessions with respect to  
their academic knowledge. The EDAD congresses 
have  been of utmost importance in teaching 
our dentists how to apply  academic research  to 
practical instruments rather than simply teach  
them the raw results of academic studies. 
Furthermore, EDAD showed that a congress is 
not just a mere  exchange of scientific informa-
tion, but an opportunity for our colleagues to 
socialize and have fun in a common environ-
ment with scientists and their colleagues from 
different parts of the world. 

Florin Lăzărescu, DDS 
President, ESCD 
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ORAL MICROBIOLOGY
EFFECT OF POWDERED GREEN TEA MATCHA ON BIOFILM FORMATION 
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Introduction: Antibacterial ingredients with high safety and mild taste that can be 
used for mouthwash for children are required. Matcha is one of the natural beverages 
that is made from the leaves of green tea (Camellia sinensis) and widely consumed by 
Japanese and Asian people. This study aimed to evaluate the effectiveness of matcha 
in suppressing biofilm formation by mutans streptococci, typical cariogenic bacteria.
Methodology: Five laboratory strains of Streptococcus mutans (serotype c, e and f ) 
and Streptococcus sobrinus (serotype d and g) were used to evaluate the antibacterial 
effect of matcha. Matcha extract was added to bacterial cells in Heart Infusion broth 
supplemented with 1% sucrose (HIS). After incubation for 24 hours, the formed biofilm 
was dyed by Crystal Violet, and optical density at 490 nm was determined as the 
amount of biofilm formation. The effect of 0.02% chlorhexidine in HIS and purified 
water (MilliQ) in HIS were also measured as well.
Results: The amounts of biofilm formation by all serotypes of mutans streptococci in 
matcha + HIS were significantly lower than those in MilliQ + HIS as were chlorhexidine 
in HIS, except S. sobrinus serotype g. The differences of amounts biofilm formation by 
all S. mutans (serotype c, e and f ) and S. sobrinus serotype d in matcha + HIS and in 
chlorhexidine + HIS were not significant statistically.
Conclusion: Matcha extract has an equivalent effectiveness of 0.02% chlorhexidine 
against most serotypes of mutans streptococci.
Keywords: Streptococcus mutans, Streptococcus sobrinus, chlorhexidine, green tea, 
mouthwash.
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1. Introduction
Efforts to obtain antibacterial ingredients that meet 
the criteria of comfort, especially taste, are needed to 
improve the health of the oral cavity. Oral health is 
inseparable from the normal flora balance of the oral 
cavity in order to prevent the occurrence of caries 
and gingivitis. The use of natural ingredients that are 
commonly consumed by the wider community in a 
place needs to be expanded in the functions of main-
taining public health, especially oral health[1]. The 
ease of getting these and the consumption habits of 
the community makes it easy for materials like these 
to be accepted by the community if proven to have 
good effects on oral health. Because caries and gingi-
vitis are also a problem in children in many countries, 
especially with developmental disabilities,  an anti-
bacterial made from natural ingredients for the oral 
cavity is urgently needed to be easily accepted by the 
child community, both in terms of safety and ease of 
use[2-4]. Each community has unique ingredients 
developed in its area, but has not being utilized them 
optimally in addition to regular consumption of food 
and beverages[5].

Green tea (Camellia sinensis) is commercially avail-
able in the market in three forms: Loose leaf, bagged 
and powdered (matcha)[6]. Matcha is generally con-
sumed in Japan as a beverage that has high anti-ox-
idants such as flavonoids[7]. Many natural foods and 
beverages that are commonly consumed by people 
in a region, such as honey in the tropical regions, ol-
ive oil, virgin coconut oil and others have been par-
tially known to have antibacterial effects especially 
in the oral cavity[8]. With many natural sources like 
ginger and garlic that also have flavonoid and are 
commonly used in Asia one needs to observe the 
antibacterial effect on oral bacteria[9]. As a compari-
son, chlorhexidine has been used for many years as a 
strong antibacterial standard and is also used in den-
tistry for preventive measures and treatment but the 
taste becomes an issue especially for children[10].
The streptococci that are commonly related to the 
human caries process are Streptococcus mutans and 
Streptococcus sobrinus. These cariogenic bacteria are 
divided into 5 serotypes (c, e, f, d and g)[11]. There 
has been no study on the antibacterial effects of mat-
cha against each serotype of mutans streptococci. It 

220

http://orcid.org/0000-0002-6003-9199
https://orcid.org/0000-0003-1070-2172
https://orcid.org/0000-0002-2412-7765
https://orcid.org/0000-0002-2412-7765
https://orcid.org/0000-0002-0794-9329


Stomatology Edu Journal

O
ri

g
in

a
l  

A
rt

ic
le

EFFECT OF POWDERED GREEN TEA MATCHA ON BIOFILM FORMATION 
BY MUTANS STREPTOCOCCI

is expected that the results of research related to antibac-
terial from natural sources can be used to prevent infection 
in order to minimize chemical substances [12]. This study 
aimed to evaluate the effectiveness of matcha in sup-
pressing biofilm formation by each serotype of mu-
tans streptococci.

2. Material and Methods
2.1. Preparation of antibacterial solutions
As a matcha solution, 5 gram of powdered green tea 
matcha (Itoen, Tokyo, Japan) were added to 100 ml of 
water at 100˚C and boiled for 15 minutes to extract. 
Prior to use in the laboratory, the solution was fil-
tered using 0.20 µm Minisart filter (Sartorius, Göttin-
gen, Germany). The aqueous chlorhexidine solution 
used in this study was 0.02% and was prepared from 
20% chlorhexidine gluconate (Wako Pure Chemical, 
Osaka, Japan).
2.2. Culture of mutans streptococci 
As mutans streptococci, we used 3 laboratory strains 
of S. mutans (serotype c, e, f ) and 2 laboratory strain 
of S. sobrinus (serotype d, g) (table 1). Each strain from 
-80˚C stock was cultured in Brain Heart Infusion (BHI) 
broth (Becton Dickinson, Maryland, USA) at 37˚C 
overnight and then also sub-cultured in BHI broth. 
The bacterial solution was centrifuged and dissolved 
in Heart Infusion broth (Becton Dickinson, Maryland, 
USA) supplemented with 1% sucrose (HIS) until it 
reached 1 x 106 CFU/ml which was then used for the 
biofilm assay as strain culture. 
2.3. Biofilm assay
The biofilm formation of each strain was evaluated 
using a 96 well plate. Each plate was divided into 5 
areas of 12 wells and labeled as MT for wells that were 

filled with matcha solution and strain culture, CHX for 
wells that were filled with 0.02% chlorhexidine and 
strain culture, MQ for wells that were filled with pu-
rified water (MilliQ) and strain culture, NC for wells 
that were filled with MilliQ alone as negative control 
and PC for wells that were filled with HIS and strain 
culture as positive control (Table 2). After 24 hours of 
incubation, the culture supernatant was discarded, 
and each well was washed twice with 200 µl Phos-
phate Buffered Saline (PBS). A 200 µl volume of 0.5% 
crystal violet was then added and incubated at 37˚C 
for 15 minutes. The remaining crystal violet solution 
was discarded, the biofilm was washed once with 200 
ml PBS, and then 200 µl of 96% ethanol was added to 
each well. The optical density of the biofilm forma-
tion was then measured at 490 nm (OD490) using a 
microplate reader[13]. 
2.4. Statistical analysis 
The OD490 values evaluated as biofilm formation were 
compared between NC, MQ and PC to confirm the 
validity of the measurement. Then OD490 values of 
MT, CHX, NC and MQ were compared to determine 
the differences in their effects on biofilm formation. 
In order to compare the differences, t-test and Bon-
feroni correction were used. All statistical analyses 
were performed using SPSS statistics 19 (IBM, USA); 
p values of 0.05 or less were considered significant.

3. Results
Fig. 1 shows OD490 values which mean amount of 
biofilm formation of NC (MilliQ alone), MQ (MilliQ + 
bacterial cells in HIS) and PC (bacterial cells in HIS) by 
S. mutans (serotype c, e and f ) and S. sobrinus (sero-
type d and g), respectively. The OD490 of PC showed 

  Table 1. Strains of mutans streptococci used in this study.

  Table 2. Composition of cultures for biofilm assay. 

PC: positive control; MT: matcha solution; CHX: 0.02% chlorhexidine gluconate; MQ: milliQ solution; 
NC: negative control

Antibacterial 
solution

Bacterial cells in 
HIS

HIS MilliQ Total

PC 0 µl 100µl 100µl 0 µl 200µl
MT 100µl 100µl 0 µl 0 µl 200µl

CHX 100µl 100µl 0 µl 0 µl 200µl
MQ 0µl 100µl 0 µl 100µl 200µl
NC 0 µl 0 µl 0 µl 200µl 200µl

Strain Serotype
Streptococcus mutans

ATCC25175 c (type strain)
LM7 e

OMZ175 f
Streptococcus sobrinus

ATCC33478 d (type strain)
6715 g
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significantly higher values than MQ, and those of 
MQ showed significantly higher values than NC in all 
strains (serotype c, e, f, d and g).
Fig. 2 shows OD490 values which mean amount of 
biofilm formation of MT (matcha solution + bacte-
rial cells in HIS), CHX (CHX solution + bacterial cells 
in HIS), NC (MilliQ alone) and MQ (MilliQ + bacterial 
cells in HIS), respectively. The OD490 of MT, CHX and 
NC showed significantly lower values than MQ and 
no significant difference was found between MT, CHX 
and NC in all S. mutans (serotype c, e and f ) and S. 
sobrinus (serotype d). In S. sobrinus serotype g, the 
OD490 of MT showed lower value than MQ though the 
difference did not reach statistical significance. The 
OD490 of CHX and NC showed significantly lower val-
ues than MQ and MT in S. sobrinus serotype 

4. Discussion
The OD490 of PC showed significantly higher val-
ues than MQ and those of MQ showed significantly 
higher values than NC in all strains, which indicated 

that the biofilm assay used in this study could evalu-
ate the amount of biofilm formation adequately.  
The OD490 of MT and CHX showed significantly low-
er values than MQ and the differences between MT, 
CHX and NC were not significant in all strains except 
S. sobrinus serotype g. This means that the antibacte-
rial effect of matcha solution resemble CHX solution 
in most strains of mutans streptcocci.
This in-vitro research provides an overview of the 
antibacterial effects of matcha on various strains of 
mutans streptococci. 
Mutans streptococci are considered as typical 
cariogenic bacteria[14,15]. Mutans streptococci 
can be classified into five serotypes, with domi-
nant serotypes being slightly different locally.  
The effect of matcha against S. sobrinus serotype g was 
not significant among all mutans streptococci strains 
of serotype examined in this study. However, in the 
oral cavity of humans worldwide, S. sobrinus serotype 
g is not a type that is found predominantly[16-19]. 
In another study S. sobrinus serotype g showed 

  Figure 1. Biofilm formation in NC (MilliQ alone), MQ (MilliQ + bacterial 
cells in HIS) and PC (bacterial cells in HIS) by each strain of mutans 
streptococci:
(a) S. mutans ATCC25175 serotype c, 
(b) S. mutans LM7 serotype e, 
(c) S. mutans OMZ175 serotype f, 
(d) S. sobrinus ATCC33478 serotype d, 
(e) S. sobrinus 6715 serotype g.

(a)

(c)

(e)

(b)

(d)

222



Stomatology Edu Journal

O
ri

g
in

a
l  

A
rt

ic
le

EFFECT OF POWDERED GREEN TEA MATCHA ON BIOFILM FORMATION 
BY MUTANS STREPTOCOCCI

  Figure 2. Effect of matcha extract and chlorhexidine on biofilm 
formation by each strain of mutans streptococci: 
(a) S. mutans ATCC25175 serotype c, 
(b) S. mutans LM7 serotype e, 
(c) S. mutans OMZ175 serotype f, 
(d) S. sobrinus ATCC33478 serotype d, 
(e) S. sobrinus 6715 serotype g.

(a)

(c)

(e)

(b)

(d)

more resistance to chlorhexidine than S. mutans and  
S. sobrinus serotype d[20]. Therefore, matcha is 
thought to have the effect of inhibiting biofilm for-
mation for most of mutans streptococci in the oral 
cavity. One of the cariogenic properties of these bac-
teria is their high performance of glucan synthesis 
(extracellular polysaccharides) from  sucrose, which 
contributes to the biofilm formation[21,22]. 
So, the effectiveness of matcha in suppressing the 
biofilm formation by mutans streptococci  was im-
portant to be evaluated in this study. 
A superiorantibacterial would suppress more types 
of strains. However, caries  is not only caused by a 
single bacterial species, but related to the biofilm ac-
tivity involving many different bacteria species[23].
Chlorhexidine is used as a common antibacterial 
agent and is widely used for mouthwashes[24-28]. 
However, chlorhexidine has a taste issue, and it has 
problems such as side effects on the mucosa and it 
is staining the teeth, so it is not suitable for mouth-
washes for children[29,30]. The concentration of 

chlorhexidine used clinically is 0.12% and 0.2%, while 
in this study using a concentration of 0.02%. It was 
proved that the concentration of 0.03% was as effec-
tive as 0.12% or 0.2% concentration clinically[31-33]. 
The result of this study revealed that the low concen-
tration of 0.02% chlorhexidine can inhibit biofilm for-
mation of mutans streptococci.
Matcha has long been used for drinking and the 
safety has been established. The requirements for a 
mouthwash that can be used by children are related 
to safety issues[34,35]. It is also considered to have 
less problems with taste. Therefore,  matcha can be 
considered a suitable ingredient for mouthwashes 
for children. 
The bacteria investigated this time are mutans strep-
tococci and are strongly related to dental caries. How-
ever, there are many other bacteria in the oral cavity 
related to dental caries and other oral diseases such 
as periodontitis. In this study, we did not consider 
the influence on other such cariogenic bacteria and 
on periodontal disease causing  bacteria. Hereafter, 
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it seemed necessary to investigate the antibacterial  
effect on those bacteria as well.

5. Conclusion
Matcha has the equivalent effectiveness of 0.02% 
chlorhexidine against most serotypes of mutans 
streptococci, namely S. mutans serotype c, e and f 
and S. sobrinus serotype d. It is suggested that mat-
cha is a promising ingredient as a safe and effective 
for mouthwashes in children.
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Questions 
1. Which was the matcha used in this study?
qa. 5 grams in 100 ml water
qb. 0.5 gram in 100 ml water
qc. 0.05 gram in 100 ml water
qd. 50 gram in 100 ml water

2. What species of mutans streptococci were used in this study?
qa.Streptococcus ferus and Streptococcus pneumoniae 
qb. Streptococcus mutans and Streptococcus sobrinus
qc. Streptococcus macacae and Streptococcus ratti
qd. Streptococcus criceti and Streptococcus downei

3. What was the antibacterial used to compare the effectiveness of matcha in this study?
qa. Ethil alcohol 70%;
qb. Povidone iodine;
qc. Chlorhexidine;
qd. Gentian violet.

4. What was the result of this study?
qa.  All strain of mutans streptococci were suppressed significantly by matcha;
qb. Only serotype c was suppressed significantly by matcha;
qc. Only serotype c, e, and d were suppressed significantly by matcha;
qd. Only serotype c, e, f, and d were suppressed;

http://www.efcd.eu/conseuro-meetings/
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Background: Digital Smile Design (DSD) is a method that helps predict digitally the 
outcome of a smile based on the use of both static or dynamic images, in order to 
plan simple or complex rehabilitation cases,  to “draw a smile”. It is a valuable resource 
used to show the outcome of the treatment, to evaluate the aesthetic rehabilitation, to 
complete the diagnosis and improve communication with patients, laboratories and 
interdisciplinary clinicians. JPEG photos and STL files are forwarded to the laboratory 
and imported in CAD-CAM to make a mock-up and a provisional restoration. Thus, it is 
possible to check each step of the planning and make any corrections necessary. 
Objective: The present article is a comprehensive review on DSD, including every field 
in which it extends. 
Data sources: The research includes articles featuring the keywords: digital smile 
design, prosthodontic, surgery, digital flow, orthodontics and was conducted in two 
different databases, PubMed and Google Scholar. 
Study Selection: After screening and removing the duplicates, 22 articles from 
Pubmed and 11 from Google Scholar were selected. 
Data extraction: The analysis included 13 articles regarding prosthetic rehabilitations, 
7 articles about surgery (periodontal or rehabilitation), 11 articles describing DSD and 
2 articles about orthodontics. The research included articles in English from 2000 to 
2018. 
Data synthesis: DSD is an excellent way to design dental treatments thanks to 
its versatility in managing the treatment plan; however further improvements are 
required to refine the software and permit an appropriate clinical application. 
Keywords: digital smile design, diagnosis, communication.

ABSTRACT
OPEN ACCESS This is an Open 
Access article under the CC BY-NC 

4.0 license.

Peer-Reviewed Article

Citation: Levrini L, Croce S, Popescu SM, 
Constantinescu M-V, Botta R, Cattoni F. Cur-
rent perspectives on digital smile design. 
Stoma Edu J. 2018;5(4):229-235.

Academic Editor: 
Constantinus Politis,          MD, DDS, MM, MHA, 
PhD, Professor & Chairperson, University of 
Leuven, Leuven, Belgium.

Received: November 14, 2018
Revised: November 30, 2018
Accepted: December 10, 2018
Published: December 11, 2018

*Corresponding author: 
Associate Professor Luca Levrini, DDS, PhD, 
President, Dental Hygiene School, Director, 
Research Centre Cranio Facial Disease and 
Medicine, University of Insubria
Via Giuseppe Piatti, 10, I-21100 Varese VA, 
Italy, Tel/Fax: 0332.825.663, 
e-mail: luca.levrini@uninsubria.it

Copyright: © 2018 the Editorial 
Council for the Stomatology Edu Journal.

DOI: https://doi.org/10.25241/stomaeduj.2018.5(4).art. 3 

1. Introduction
In the digital era new technologies are revolutionizing 
the world of dentistry in order  to facilitate and expe-
dite normal procedures. Clinicians are seeking for new 
ways to  implement more comfortable and rapid treat-
ments yet keep high quality results. Due to the high 
aesthetic demand from patients, displaying a pre-
view of the outcome is the new trend. As Coachman 
said, for every work of art such as painting, sculpture 
or dentistry, it is necessary to make a plan or a proto-
type[1]. Currently, there are some programs available 
like smile designer pro, digital smile design, aesthetic 
check, digital smile system to serve this purpose[2]. 
Digital Smile Design is among the most used, it is a 
software designed to make diagnostics and simulate 
the outcome of the future treatment: it can be seen 
as “outcome based workflow”. Actually, for this reason 
the term digital smile design is considered as the main 
method to describe all the digital clinical works that 
simulate a dental treatment. The purpose of DSD is 

to simplify a complex task and to make sure that the 
patient can have a better impression of what the treat-
ment is going to be. The virtual 2D smile design could 
make a diagnostic wax to facilitate clinical steps, as a 
computer-aided design and computer-aided manu-
facturing programs (CAD-CAM). Unfortunately, 3D vir-
tual patient including intraoral soft tissue, craniofacial 
hard tissue and extra-oral soft tissue has some limi-
tation, it is still complex to recreate as real[3].  Digital 
Smile Design (DSD) is based on the use of static and 
dynamic digital images, transferred to the digital soft-
ware which uses different tools to “draw the smile”. 2D 
smile design is gaining popularity as an important tool 
for the communication between clinicians, between 
clinician and patient and also between clinician and 
laboratory[4]. Before DSD, dental technicians used to 
make restoration treatments either through standard 
rents, photos or instructions provided by the clinician. 
A lot of information was missing in regards to the con-
text in which the restoration was done, including lip 
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position, middle facial line, incisal plane, and some 
characterizations of the nearby teeth, such as colour, 
shape, spots or cracks. DSD can help the dental tech-
nician to make higher quality restorations and more 
exactly, avoid extra phases that delay the treatment. 
Furthermore, it is possible to re-evaluate every step 
of the rehabilitation, comparing it with the diagnostic 
plan. The use of DSD can help plan simple and com-
plex cases with more control by the laboratory and 
the clinician[1]. First, digital intraoral photos against 
black backgrounds are needed: full smile from the 
front, left and right side, upper and lower occlusal view 
(The American Academy of Cosmetic Dentistry Photo-
graphic Accreditation Review in 1995)[5]. Second, the 
extra-oral photos: full smile, mid facial right and left; 
the patient’s 3D facial soft tissues are captured with a 
3D scanner (Sense, 3D system Inc). Files are then trans-
ferred as a JPEG format to the software. A diagnostic 
impression with an intraoral scanner in a stereolithog-
raphy file format (STL) is also transferred into the soft-
ware. Intraoral photos and the 2D virtual smile design 
are superimposed to create a virtual patient with facial 
tissue and a full smile.
The above mentioned are used to show the final re-
sult. The JPEG photos and STL files are then forwarded 
to the laboratory and subsequently imported to the 
CAD-CAM software to make a mock-up and a provi-
sional restoration, even if the conversion from the 2D 
design to the 3D waxing could still cause distortions of 
the images. The definitive restoration will be created 
based on the test with provisional restoration and in 
accordance with the diagnostic plan[3]. 
In view of the advantages that this system has, a learn-
ing curve is required to use it to its full potential. Start-
ing from these considerations, we decided to develop 
this review to analyze the most relevant literature 
about on the theme.

2. Methodology
A computerized database search was performed to 
identify relevant articles. The purpose of this work was 
not to aim at being a systematic review of literature, 
but to state the topic from the point of view of the 
literature analysis. The keywords introduced for the 
research were: Digital Smile Design, DSD, digital work 
flow, Digital Smile Design and Orthodontics. The data-
bases used are PubMed and Google Scholar and the 
research includes works in English from 2000 to 2018. 
The articles were analyzed and a unique file was cre-
ated for each of them with the most important infor-
mation about the topic and what marks it. 

3. Results
At the end of the research 33 relevant articles were 
found: 22 articles from Pubmed and 11 from Google 
Scholar. We can divide the articles selected in four 
groups, each one belonging to a different argument:
1. Prosthetic rehabilitations: 13 articles were about the 
use of digital smile design as a means to plan a pros-
thetic rehabilitation, like aesthetic veneers, singular 

crown, metal-ceramic bridges or porcelain.
2. Digital Smile Design (DSD): 11 articles were about 
the main theme, described the method to acquire the 
digital information and to develop it
3. Surgery: 7 articles were about surgery, periodontal 
plastic surgery, bone sculpturing, gummy smile, or im-
plant rehabilitation
4. Orthodontics: 2 articles were found about the use of 
digital smile design associated to the Clin Check soft-
ware of Invisalign aligners. 
There are several application fields; traditionally the 
digital design was associated to conservative dentist-
ry; although its use will be improved in prosthodontic, 
surgery and in particular in orthodontic in the future. 

4. Discussion
4.1. Digital Smile Design (DSD)   
Digital Smile Design (DSD) can be performed with Key 
Note (for Macintosh) and Power Point (for windows). 
Through DSD, pre-existing dental anomalies such as 
shape, size, position, color or texture can be identified 
and modified with the ultimate goal of designing the 
optimal smile[6]. It starts with data gathering and digi-
tal planning. On the full face extra-oral photo horizon-
tal and sagittal plane are tracked in accordance with 
anatomical references: inter-pupillary line and middle 
facial line (glabella-nose-chin). 
These lines are transferred to the full smile intraoral 
photo for a comparison with the occlusal plane and 
the dental midline. 
The second step is the dental analysis (horizontal 
lines): the outline of each tooth is drawn and enclosed 
in a rectangular, combined with the future treatment, 
the tip of each canine, the incisal edge of both central 
incisor and dental midline. The ideal proportions of 
length and width are placed to be compared with the 
project, including measurements in millimeters to cali-
brate the size of each element. Finally, the smile design 
is superimposed on the initial situation to show the re-
lation with the gingival contour, and then the virtual 
waxing is performed[7,17]. A digital ruler is used to 
show the measurement of the teeth. 
After having investigated the patient’s expectations, 
the treatment proposals are exposed; the patient ap-
proves the design and chooses which treatment plan 
to proceed with and subsequently the clinicians de-
cide the operative time table. In the traditional DSD 
protocol the digital wax-up is transferred to the mas-
ter cast, maintaining the tooth’s design, and it is used 
to fabricate the silicone guide for the provisional den-
ture[8]. It is important to have a check list to follow in 
each step; there is a constant double-check between 
the DSD and every phase of the treatment to identify 
and correct any errors and give a higher quality to the 
treatment.[9]
If patients are not satisfied with the result of an aes-
thetic rehabilitation the clinician can change some-
thing about the design and can adapt the functional-
ity. Thanks to the DSD clinicians can reach the patient’s 
compliance and patients have no surprise at the end 
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of the treatment thanks to the pre-visualization of the 
outcome[10].
4.2. DSD in Prosthodontics 
In recent years the expectations of dental patients 
have greatly increased regarding their aesthetic ap-
pearance, which has already reached the same im-
portance as the function[11,12]. To pursue the least 
invasiveness is a priority in every prosthetic restoration 
which aims to improve the smile aesthetics, preserv-
ing as much dental tissue as possible and respecting 
the surrounding soft tissue[13]. As demonstrated by 
Magne et al, a veneer preparation approach driven by 
the final volume of the restoration (the mock-up) al-
lows for more enamel preservation, avoiding unnec-
essary overpreparations by removing just the dental 
tissue needed to create proper prosthetic thicknesses, 
and more predictable bonding, biomechanics and fi-
nal aesthetics[14]. According to Coachman’s protocol, 
the realization of the diagnostic wax-up is anticipated 
and, above all, guided by the Digital Smile Design, 
which has proved to be a fundamental and useful tool 
for improving communication and the patient’s accep-
tance, but all the remaining steps are the same as the 
traditional ones[15]. The DSD used for planning a pros-
thetic rehabilitation is probably the most common ap-
plication of the software, as it also emerged from our 
literature review. It allows to design treatments with-
out needing the patient to sit on a chair and analyze 
the treatment plan in this way, by considering all the 
aesthetic parameters[16].
The key to the success of the treatment is the harmony 
between the various components of the smile’s aes-
thetics, such as colour, shape, volume, texture, dental 
alignment, gingival contour, the relationship between 
the teeth of the upper arch and those of the lower arch 
as well as the contextualization in the face[17].
The starting point is always drawing the references 
lines extra and intraorally: the reference planes are 
drawn (bipupillary line, middle facial line, Frankfurt 
plane), dental middle line, occlusal plane, tooth con-
tour. When parameters are provided we proceed with 
designing the diagnostic wax-up, referring to the ana-
tomical features, the lip dynamics, the incisal edge 
position and midlines[18]. With the DSD software it is 
possible to design different types of prosthetic reha-
bilitation such as porcelain laminates veneers, ceramic 
crown or bridges[19]. The most common are aesthetic 
veneers, both of feldspathic ceramic, lithium disilicate 
and zirconium. In order to perform an aesthetic reha-
bilitation with veneers/dental crown a silicone index 
is obtained from the dental cast to evaluate the need 
for reduction and another silicone guide is for the pro-
visional restorations[20]. The creation of an interim 
prosthesis allows us to visualize possible errors in the 
design and thus be able to make changes to the final 
prostheses; additionally, it is also serves as a further 
pre-visualization of the patient, even though he can 
already see the result thanks to the DSD software[21]. 
Often the aesthetics of the smile can be improved 
without resorting to a prosthetic treatment but pre-

ferring a more conservative treatment such as dental 
bleaching or the application of infiltrative resins or 
aesthetic reconstructions in composite[22]. In cases 
of morphology changes (microdontics, conical teeth) 
or colour (dyschromia, tinctures, dark non-vital teeth) 
and structure (enamel deficiency as hypoplasia, white 
spot) this is not possible and the prosthetic option re-
mains the best choice[17,23]. 
While in the traditional DSD protocol the digital wax-
up is transferred to the master cast, maintaining the 
tooth design, and it is used to fabricate the silicone 
guide for provisional denture[8], in recent months an 
evolution of smile design protocols has been achieved 
and a project using only digital methods has been ex-
ecuted called Digital Smile Planning[24].
In this case the design of the patient’s restoration was 
then performed using the DSS-2D software (3D Lynx-, 
3D Lynx srl, Italy). 
The software allows designing digital aesthetic and 
functional smile rehabilitation through a guided path, 
and which, thanks to the automatic calibration tools, 
can perform mathematically controlled measure-
ments. This program allows the patient to preview the 
prosthetic result directly on a photograph of himself 
and provide the dental technician with all the informa-
tion needed to perform the work through a detailed 
report[24]. The digital restoration project was real-
ized using the patient’s photos, and choosing dental 
shapes from the software libraries. The use of a spe-
cific landmark while taking the patient's photographs, 
with reference points, allows the software to calibrate 
the system on the picture so that it can give precise 
measurements in millimeters, useful to guide the work 
of the clinician and, above all, the technician. It is also 
necessary to take an intra oral optical impression to 
feed the original shape of the natural elements into 
the CAD software. The STL files of the patient’s arches 
have been uploaded to the software for the realiza-
tion of the digital wax-ups by the DSS-3D system (CAD 
Lynx-, 3D Lynx srl, Italy), direct implementation of the 
DSS-2D system, and a milled mock up has been pro-
duced and tested in the mouth of the patient, to guide 
the tooth preparation and, if necessary, also the surgi-
cal evaluation of the soft tissue design.
Nowadays it is also possible to apply the digital plan-
ning protocol not only on natural teeth, in simple or 
complex cases, but also in the initial phase of the full-
arch implant supported rehabilitation protocol[25]. 
The Virtual Implant-Prosthetic Procedure: VIPP Tech-
nique[25], can be used to integrate the prosthetic and 
the implant project helps the correct guided implant 
positioning[26], optimized either for bone volumes 
available and to absorb the masticatory loads and the 
fabrication of an adequate prosthesis, in compliance 
with the intermaxillary relationship, the function and 
the occlusal balance, the soft tissue support[27].
4.3. DSD in Surgery 
Digital smile design has also found its usefulness in 
the surgical field. The digital workflow in the surgical 
area begins with the collection of radiographic data 
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and then the photos. It is possible to superimpose on 
the CBCT the DICOMs files (Digital Imaging and Com-
munications in Medicine) for planning the surgery. 
Unfortunately, the combination of several files can 
create image distortion and diagnostic dental models 
are needed to overcome this problem[2]. An analysis 
of the distance between the margin of the future pros-
thetic rehabilitation and the existing bone is necessary 
to determine if a grafting procedure will be required, 
if implants can be placed at the level of the bone, or 
if bone reduction is needed and if the future restora-
tion needs to incorporate a pink prosthetic area. Some 
guidelines using the margin of the planned crown as 
a reference can be applied. Implants must be placed 3 
mm apically from the margin of the planned crowns 
to create space for average biological width thick-
ness[28]. Regarding the orthognathic surgery, a sag-
ittal analysis with cephalometric guide is essential to 
place the maxillary central incisor in the best position 
and in harmony with the lips and face[28]. 
A combination between periodontal surgery and 
prosthetic rehabilitation is possible to carry out in case 
of a gummy smile. A preliminary study is essential to 
make the diagnosis: once the treatment has been es-
tablished, if a bone or gingival reduction is necessary, 
digital planning of the mock up and the surgery is per-
formed. The surgery is guided by a splint made accord-
ing to the digital design so that the gum is in the cor-
rect position for the future prosthesis. The provisional 
made on the basis of the planning is used as a surgical 
stent[23,27]. In many cases it is not possible to correct 
a gummy smile only with a gingival reduction; often 
an orthognathic surgery or orthodontic treatment is 
required. Thanks to the digital smile design the patient 
can see the outcome and decide whether to accept 
the aesthetic compromise in case he does not want to 
undertake a more invasive treatment[29].   
4.4. DSD in Orthodontics 
Nowadays, modern orthodontic techniques (clear 
aligner) allow early visualizations of the orthodontic 
treatment that is necessary to proceed further with 
the production of aligners. In the perspective of con-
sidering DSD as a digital visualization of the result 
that could be obtained, this early visualization already 
guarantees an excellent projection of the result. 
However, these simulations do not permit to predict 
how the results of an orthodontic treatment can be 
compared to the patient's mini-aesthetics (smile with 
the lips) and macro-aesthetic (face): the available digi-
tal models of orthodontic treatment, in fact, are sub-
stantially 3D-image digital devices that simulate only 
the patient's dentition. 
For this reason, digital methods have been developed 
in a way which permitted to combine the views of 
orthodontic treatment with images of the patient's 
face: the result was an image that represented the pa-
tient's smiling face with the simulation of the teeth as 
it would appear after the changes at the micro- and 
macro-aesthetic level obtained thanks to the orth-
odontic treatment. These digital methods are gener-

ally performed with professional photo processing 
software (photo editing), such as Adobe Photoshop®. 
For this aim it may be sufficient: -to make a digital 
transparent model that simulates the result of orth-
odontic treatment of the patient's dentition; - to po-
sition, overlap and manually align the transparent 
digital model onto an image of the smile or face of the 
patient with his original teeth and gingiva. This photo 
must be taken with the patient's occlusal plane in a 
perpendicular position to the lens, with the teeth in 
front view compared to the camera; - erase the original 
teeth and gingiva from the image of the smile or face, 
in order to obtain an image of the face without teeth 
but with a residual of the original gum on the transpar-
ent digital model; - bring the transparent digital model 
below the smile image or face without teeth and with 
a residual gum;- eliminate the transparency from the 
digital model, obtaining an image of the smile or face, 
which integrates the orthodontic simulation of the 
digital outcome;- change the color of the gums and 
the teeth to simulate a natural effect of the patient's 
gums and teeth. 
Actually, this method can be called "orthodontic digi-
tal face design"; practically, an image of the patient's 
face or smile is produced and is integrated with the oc-
clusal result of the orthodontic treatment. In this way, 
the patient is able to appreciate the simulation of the 
orthodontic outcome which he is undergoing or must 
undergo before starting and appreciate the aesthetic 
of his smile or face. It is possible to add restorative 
rehabilitation, either prosthetic or conservative. The 
method could also include a patient's three-dimen-
sional (3D) image of the smile or the face[22].
Schabel et al. published a study that compares the ac-
curacy between photographs and video clips regard-
ing the possible distortion of the image in a sample 
of patients treated orthodontically. The results showed 
that there was no significant difference between ob-
taining images using traditional photographic meth-
od or extrapolating them from video. Yet, a slight dif-
ference of 1mm was seen when analyzing the upper 
incisor in relation to the lower lip. Therefore, photog-
raphy is still considered the best tool and the most im-
mediate tool[5].

5. Conclusion
The appearance of a beautiful smile is impregnable, 
because the mouth is the most important manifesta-
tion of a human being. The DSD protocol, consisting in 
drawing reference lines on extra and intra-oral photos 
and superimposing the dental design, is an excellent 
tool for a diagnostic vision and help the team mem-
bers to predict and facilitate the treatment[31].  It re-
duces the risk of asymmetries, disharmonies, guided 
by the diagnostic wax based on aesthetic principles. It 
works both with macro aesthetic (face and neck), mini 
aesthetic (the smile and the lips) and micro aesthetic 
(details about the shape, the color and defects of the 
teeth). The purpose of DSD is to guide every step of 
the treatment by focusing on anatomical features,  
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parameters provided, and planes of references, each 
of them conducted by the wax-up design[33]. Among 
the advantages of this software one can list: reduction 
in the number of appointments, low clinical costs and 
a global access to the service as it allows the clinical 
staff to visualize the relevant data and transfer other 
information via Internet. Lot of diagnostic data are 
stored in a single software which allows sending all of 
them to the laboratory without the need of explaining 
the procedures[33]. DSD facilitate the interdisciplin-
ary communication between dental technicians and 
the operator. The DSD is also useful to pre-visualize 
the outcome of the treatment to the patient and im-
prove the communication with them by illustrating 
clearly the situation before and after[35]. It is a simple 
technique, it does not require specific equipment;  
however, a handling training is firmly needed. Noth-
ing indicates how the information should be ideally 
gathered and implemented. Therefore, many of these  
diagnostic data may be lost if they are not transferred 
in an adequate way to the rehabilitation design. The 
DSD protocol consists in transferring data to a cast 
model that reproduces the wax-up diagnostic in such 
a way as not to lose the information (of the photos)
[17]. In conclusion to this review it can be said that the 
digital smile design is an excellent tool for treatment 
planning, especially for aesthetic treatments, as it is 
more used and to design prosthetic rehabilitations in 
the anterior sector[36]. However, there are still uncer-
tainties regarding the occlusion adjustment: in fact, 

errors can be found during the transfer of data from 
the scan to the realization of the study models. This 
could be the biggest disadvantage of the program. 
The chances of not reaching a correct occlusion em-
phasize the importance of the temporary restoration 
to recheck and correct any errors. For this reason, the 
technique requires a learning time to be able to take 
full advantage of its usefulness.
The topic is mainly addressed for the clinical applica-
tion, for this reason there is not significant literature 
evidence; the idea could be to create a panel of ex-
perts in the fields to edit the clinical guidelines on the 
DSD. 
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Questions 
1. Which information is transmitted to lab through classical recordings?
qa.Lip position; 
qb.Middle facial line; 
qc.Incisal plane; 
qd.Tooth position.

2. Which is the limitation of DSD?
qa.Simplifying a complex task and making sure that the patient can have a better impression of what is going to be the 
treatment;
qb. Making a diagnostic wax; 
qc. Facilitating clinical steps, as a computer-aided design and computer-aided manufacturing programs (CAD-CAM); 
qd. Too complex to recreate as real.

3. Digital Smile Design (DSD) can be performed with computer programs like:
qa.Key Note (for Macintosh); 
qb. Excel (for windows);
qc. Word (for windows);
qd. Paint (for windows).

4. With the DSD software it is possible to design different types of prosthetic rehabilitation. 
Which are the most common?
qa.Aesthetic veneers;
qb. Crown;
qc. Bridge;
qd. Denture.
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Dayane Carvalho Ramos Salles de Oliveira1,2a*          , Mateus Garcia Rocha1,2b           , Jean-François Roulet1c

1Department of Restorative Dental Sciences, College of Dentistry, University of Florida, 1395 Center Dr, 32610, Gainesville, FL, USA
2Department of Restorative Dentistry, Piracicaba Dental School, State University of Campinas, Avenida Limeira, 901, 13414-903, Piracicaba, SP, Brazil

aDDS, MSc, PhD, Post-Doctoral Researcher
bDDS, MSc, PhD, Researcher
cDr med dent, Dr hc, Professor, Director of Center for Dental Biomaterials

Aim: To make dentists aware on the importance of correctly used light cure resin 
composites.
Method: Highlighting important facts about light curing: Use of high quality light 
curing unit, use of the resin composite specific appropriate radiant exposure to 
adequately cure a resin composite, and highlighting important facts that may alter the 
radiant exposure received clinically by a resin composite restoration.
Results: Application of this knowledge should change the behavior of dentists when 
it comes to light curing.
Conclusions: The facts described should help educational institutes and professors 
to reinforce proper light curing techniques and associate training sessions within 
educational courses in order to improve teaching and learning.
Keywords: light curing, composites, teaching.
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1. Introduction
When placing a restoration, dentists are mainly 
performing a manufacturing process. This 
presumes good equipment, materials and process 
techniques. This short article will focus on the latter. 
A prerequisite for a proper functionality of a resin 
composite restoration in the oral cavity[1] is to 
receive sufficient radiant exposure (= irradiance of 
the light curing unit x exposure time).
In advertisements, light curing units (LCU) are usually 
characterized by their irradiance, which is expressed 
in mW/cm2. This parameter alone is, however, by 
far insufficient to assess the quality of light curing. 
It should be mentioned that currently, the range of 
prices for dental LCUs varies among $18.59 (best-
selling offer on e-bay on December 3rd 2018) and 
even more than $1000. While the irradiance of low-
cost and expensive LCUs may be comparable, the 
price difference is reflected in the homogeneity of 
the light beam, the diameter of the light exiting 
window, the collimation of the light beam, the 
battery management to deliver a constant radiant 
exposure over time (Fig. 1). Saving on the cost of 
a light curing unit is saving on the wrong side. It 
should be emphasized here that, related to the total 
costs of a resin composite restoration, the use of an 
expensive LCU does not exceed 1% . This investment 
is worth, considering that the use of a deficient LCU 

may result in a poorly polymerized resin composite 
restoration, while the materials used will not perform 
as intended by the manufacturer.
Generally, manufacturers clearly indicate the radiant 
exposure necessary to adequately polymerize 
their materials (e.g. 20 seconds at 800 mW/cm2). 
However, a fact that is often forgotten by dentists 
is to take into account the incremental thickness 
of the applied resin composites. Resin composites 
absorb, reflect and scatter the light they receive 
during polymerization. This means that if the 
maximum recommended incremental thickness is 
exceeded, the polymerization of the material may 
be insufficient, with the consequences described 
above. The incremental thickness recommended for 
most regular resin composites is 2mm, while for bulk 
fil resin composites it may be extended to 4-5mm. It 
should be emphasized that darker shades and less 
translucent resin composites will absorb more light 
and show a reduced depth of cure (= incremental 
thickness that is adequately cured)[2].
Besides the above-mentioned reasons, the success 
of resin composite restorations depends on 
further factors[3], while the less known and most 
neglected factor is the light curing process[4-6]. 
Resin composite restorations increasingly fail due to 
marginal failures[7,8], as evidenced especially in Cass 
II restorations, which might be found in periodical 
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x-rays (Fig. 2). What the majority of dentists do not 
know is that the most common reason for this kind 
of marginal breakdown is inadequate light curing[9].
It is nowadays well-documented that there is a 
large variation between operators in delivering the 
radiant exposure during the light curing process of 
a resin composite restoration. The use of an efficient 
LCU is therefore not a guarantor for an adequate 
polymerization[5,9-11]. For tunately,  educat ion 
associated with proper training was proved to be 
efficient to improve light curing skills (Fig. 3)[9-11].

2. Clinical aspects
The first important factor that can lead to improper 
light curing is not paying attention[9-11]. Modern 
curing lights emit irradiances above 1000 mW/cm2 

[12],  thus looking into the light during polymerization 
is not recommended  due to potential risk for ocular 
hazards[13-15]. In response to that, most dentists 
avoid looking to the patient’s mouth during the light 
curing process. 
2.1. Blue-blocking filters
The right way to properly cure a restoration is 
positioning the light tip as close as possible and 

parallel to the restoration and stabilize and maintain 
it throughout the exposure[15]. In order to do so, 
some kind of blue-blocking shield is extremally 
needful. Different kinds of orange filters are available 
in the market to provide protection to the eyes 
during the light curing process (Fig. 4). These filters 
are able to block at least 97% of the light emitted 
from dental curing lights[16]. As can be observed 
in Fig. 5, the radiant emittance from the curing light 
is 1000 mW/cm2, however, after interposing a blue-
block filter in between the curing light emission and 
the sensor, the irradiance emittance from the curing 
light is totally blocked. It is worthwhile  mentioning 
that while using magnification loupes, the irradiance 
received at the pupil can be increased by up to 

  Figure 1. Homogeneity differences in light beam profile of  mono- (Radii, SDI) and  multi-wave (VALO Cordless, Ultradent) LED curing lights.

  Figure 2. Marginal breakdowns due to inadequate light curing. 
(Source: H. Strassler on youtube: https://www.youtube.com/watch?v=48XZgR37djY)

  Figure 3. Light curing skills tested before and after training. 
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8 times greater than when no loupes are used  
(Fig. 6)[13]. Despite almost no publicity even from 
the own brands, blue-blocking filters specially made 
for loupes are available in the market, as previously 
illustrated in Fig. 3.
2.2. Positioning
The ideal case scenario is to light cure positioning 
the light tip as close as possible and parallel to 
the restoration during light curing[15]. However, 
different clinical situations can make this difficult or 
almost impossible, such as the restauration location 
and the light tip angulation versus patient mouth 
aperture (Fig. 7)[17,18]. 
Another aspect that cannot be neglected is that 
different curing lights have different light tip 
sizes. The light tip diameter of the curing lights 

in the market are between 7 and 12mm[19,20]. 
Usually fiber optic guides vary from 7 to 9 mm in 
diameter[19], while quartz lenses such as used in the 
VALO Cordless and VALO Grand (Ultradent, South 
Jordan, UT, USA) are 10 and 12mm in diameter, 
respectively[19,20]. Usually pre-molar are about 7 
mm wide, but average molars are about 10 mm wide 
(Fig. 8)[21]. Thus, special attention in positioning 
the curing light is encouraged when light curing 
proximal boxes in Class II restorations, as well as 
two light curing procedures in each end (mesial 
and distal) while using bulk fill composites in Class II 
restorations (Fig. 9)[4,6,15].
When the light tip is not positioned properly, either 
because of limitations due to its size (Fig. 8) or 
because of angulations caused by mouth aperture 

  Figure 4. Blue-blocking filters: 
a) hand-held light filter, 
b) blue-blocking protective glasses, 
c) flip-up shield, 
d) clip-on shield, 
e) ease-in removable shield.

  Figure 5. Effect of blocking blue-light irradiance from a multi-wave light curing unit during light exposure.

  Figure 6. Irradiance increase as a result of using magnification loupes.
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  Figure 7. LCU tip angulation and ideal positioning, at same mouth aperture situation: A) VALO Cordless (Ultradent), B) Radii Plus (SDI), C) Bluephase 
Style (Ivoclar Vivadent), D) Bluephase G2 (Ivoclar Vivadent), E) Elipar S10 (3M ESPE), F) G-light (GC).

  Figure 8. Overlapping ofa 10 mm wide molar with different light guides sizes

(Fig. 10), not enough light will reach the resin material 
and polymerization can be affected[15], especially in 
depth, possible causing marginal breakdowns such 
as exemplified in Fig. 1.
2.3. Cleaning and maintaining
Finally, leaning and maintaining should not be 

forgotten. It is already known that broken and dirty 
light curing tips can affect the polymerization of 
the material[15]. Usually, when the light tip gets in 
direct contact with the resin composite or adhesive 
during polymerization, part of this material adheres 
to the light tip. The problem is that not only does 
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  Figure 9. Instructions on light curing a 10 mm wide molar using different light tip sizes.

  Figure 10. Instructions on positioning the curing light properly.

  Figure 11. Irradiance emittance drop from a curing light with dirty tip and use of barrier sleeve. 
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the restoration lose shape because part of the 
resin material is transferred to the light tip, but the 
next increment of resin will not receive the same 
radiant exposure than the first one. Light curing 
sleeves are not only able to protect from cross-
contamination, but the light tip from resin material 
adhesion when accidental contact is made with 
the restoration during the light curing process. It 
is known that using light curing sleeves can cause 
a small reduction in the irradiance emittance from 
the curing light, but it is already proven not to 
influence on polymerization[22]. Fig. 11 illustrates 
an exemplification of the drop in the irradiance 
emittance from a curing light when no barrier 
sleeve is used and the light tip is clean, when the 
light tip is dirty and when a barrier sleeve is used. Of 
course, using a barrier sleeve is extremally important 
to protect the light tip, and guarantee proper 
polymerization. 

3. Conclusions
To conclude this topic, it is worthwhile mentioning 
that several studies have demonstrated that the 
education provided to dentists and dental students 

seems to be insufficient to teach them how to 
deliver the proper amount of radiant exposure from 
a curing light to the restoration[9-11]. On the other 
hand, education associated with proper training was 
proved to be efficient to improve light curing skills, 
even in short training sessions[9-11]. Educational 
institutes and professors shall reinforce proper light 
curing techniques and associate training sessions 
within educational courses in order to improve 
teaching and learning. 
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Questions 
1. Is the characterization of a light curing unit by its irradiance a sufficient parameter?
qa.Absolutely yes;
qb. It tells the dentist most of the performances of the light curing unit;
qc. It only tells the user about the stability of the batteries;
qd. No, further parameters like e.g the homogeneity of the light beam should also be considered.

2. The quality of a class II resin composite restoration depends mainly on
qa.The brand of the used resin composite; 
qb. Dentists’ application technique of the light curing unit;
qc. The brand of the light curing unit;
qd. The patients’ behavior.

3. The use of orange filters are needed
qa.To protect the dentist from eye damage during curing;
qb. Only to allow  dentists to better see what they are doing;
qc. To prolong the working time of a light cured composite;
qd. To prevent the tooth from overheating.

4. When light curing a resin composite restoration, dentists are recommended to:
qa.Look to what they are doing, since this will improve the quality of polymerization, since the blue light of 
modern LCUs represents no risk for ocular hazards;
qb. Position the light tip as close as possible and parallel to the restoration, while using blue-blocking filters; 
qc. Polymerize in one-shot, irrespective of the size of the restoration and LCUs tip, to reduce shrinkage stress;
qd. Not to use light curing sleeves, since they induce a massive reduction in irradiance.
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MAXILLOFACIAL SURGERY
ADVANCES IN 3D BIOPRINTING FOR BONY DEFECTS OF THE MANDIBLE
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Background: A series of conditions can leave the human mandible with a bony defect 
that is still difficult to compensate for with current clinical techniques. 3D bioprinting 
(computer-controlled, highly organized deposition of bio-materials and stem cells into a 
3D structure) is a new tissue engineering strategy showing potential to contribute to the 
treatment of these defects.
Objective: The aim of this review is to give clinicians an idea of how 3D bioprinting 
works, where this technology is currently at and how it is developing towards clinical 
application in the field of maxillo-facial surgery.
Data sources: Bone tissue engineering literature was searched for articles that describe 
the use of additive manufacturing (collective term for layer-wise stacking of materials, 
including 3D printing) with use of biomaterials and stem cells.
Study selection: 3D bioprinting reviews and research articles presenting bone tissue 
constructs were selected.
Data Extraction: Information on 3D bioprinting background, design, applied techniques 
and used biomaterials for bone tissue were bundled. Research projects aiming at creating 
viable bone constructs were selected. 
Data Synthesis:  This review presents a comprehensive summary of 3D bioprinting 
basics and shows how this technique is evolving towards bone tissue constructs with 
the potential of clinical application in the management of bony mandibular defects.
Keywords: tissue engineering, 3D printing, bioprinting, biomaterials, bone, mandible.
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1. Introduction
Previous methods of dealing with substantial bony 
defects in the maxillo-facial area (most often arising 
from trauma, osteonecrosis, tumour removal or con-
genital disorders) have sought to replace the missing 
tissue with either artificial materials or with tissue 
from elsewhere in the body. To this idea, metals and 
polymers have been used, as well as autogenic parts 
of the fibula, radius bone, iliac bone and scapula. 
Though these modalities have proven themselves 
worthy of performing over not treating the defect 
at all, they both present some major downsides and 
limitations. Artificial materials remain foreign objects 
to the body, lack regenerative capacities and suffer 
from wear whilst autogenic transplants are never 
fully compatible with the defect, require difficult 
moulding and provide donor site morbidity.
Recent advancements in the fields of stem cell re-
search, biomaterial development and computerized 
3D printing have given birth to a new tissue engi-
neering strategy named 3D bio-printing, aiming to 
artificially recreate human tissue by cultivating stem 
cells applied onto (or even printed directly into) a 3D 
printed scaffold. 
Most of the cutting-edge research that applies this 
tissue engineering strategy currently operates in the 
in vitro-domain, with just a few experiments transfer-

ring towards animal studies. Recent years however 
have brought incredible expansion of the spectrum 
of applicable materials and techniques. Research-
ers are creating extensive designs and customized 
processes to unite the properties of all of these tech-
niques into constructs with a viability that was previ-
ously unknown outside of the body. 
Following is an overview of the general workflow, the 
printing techniques, materials, properties and de-
signs of 3D bioprinting and some illustrative exam-
ples of what is currently state of the art concerning 
bone tissue constructs.

2. Background
Paraphrasing the introduction, “3D bioprinting” is to 
simply put “3D printing with biocompatible materials 
and with living cells”. It is thus a variant of 3D printing, 
a manufacturing technique which has been around 
since 1984, when Charles Hull invented an ‘‘Appara-
tus for making three-dimensional objects by stereo-
lithography’’. Steady development and improvement 
have made 3D printing applicable to several produc-
tion processes in modern life and already useful in 
the maxillofacial clinic. For example, 3D printed study 
models (Fig. 1) have been around since 1987, proving 
themselves useful in evaluating pathology or plan
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  Figure 1. One of the earliest CT-based, plaster-milled study-models of a 
human skull (1987). Reprinted with permission by Dr. T. Lambrecht.)

  Figure 3

  Figure 5

  Figure 3, 4, 5. The hydroxy-apatite-coated, laser-melted, titanium full mandible, produced by Xilloc® and implanted by Dr Poukens in 2012. 
Reprinted with permission by Xilloc®.

  Figure 2. An STL formatted model of a modern surgical wafer, printed 
by stereolithography[1]. Reprinted with permission by Elsevier.

  Figure 4

ning of surgery. Several maxillofacial departments al-
ready use 3D printing to produce acrylic wafers[1] or 
cutting guides (Fig. 2), which are then sterilized and 
applied during surgery. 
And (often in collaboration with specialized 3D print-
ing design and production firms,) patients are even 
treated with 3D printed, patient-specific implants, 
such as custom titanium meshes to cover up crani-
ectomy sites and as of 2012 a fully functional, tita-

nium mandible (Fig. 3), successfully implanted in an 
83-year-old suffering from severe osteomyelitis.  

 
3. From medical image to 3d (bio) printing design

It is remarkable how early on medicine jumped on 
the wagon of 3D printing, with maxillofacial surgery 
apparently at its forefront. In part this reflects the 
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great demand of maxillofacial surgery for highly cus-
tomized constructs. On the other hand, the applica-
tion of 3D printing in medicine has benefited greatly 
from the readily available high quality medical imag-
ing, which can serve as a reference for the 3D print-
ing construct (at least for the gross contouring) when 
processed by appropriate computer programs.
Converting medical images into a structural refer-
ence for the 3D printer usually begins with feed-
ing the medical images (JPEG, TIFF, BMP, but mostly 
raw DICOM data) through 3D converting software 
to create a 3D surface model[2]. This digital process 
performing this transition is named “segmentation” 
and the most popular type “global thresholding”. The 
model thus obtained can be a helpful tool by itself 
in evaluating existing pathology or planning surgery 

and can at this stage also easily be digitally adjusted, 
in which case it becomes a 3D CAD model.
A second process named “slicing” converts the ob-
tained 3D surface model (or adjusted CAD model) 
into structural guidance for the 3D printer.  So called 
“slicer-software” will firstly reconstruct the unstruc-
tured surface of the 3D surface model into a standard 
tessellation language (.stl formatted) model  with a 
surface consisting of triangles (a process called “tri-
angulation”, most often performed by applying the 
technique of “marching cubes”)[3]. Secondly the 
software will help design an appropriate structural 
framework to support the geometrically-approached 
surface and fill up the volume underneath.  
After this, the software will effectively slice the ob-
tained 3D model horizontally into layers and  it will 

  Figure 6. Overview of the parameters affecting accuracy of medical AM constructs[5].
Overview of the process of creating personalized medical constructs by “additive manufacturing” (= collective term for production techniques based 
on layer-wise stacking of materials, including 3D printing methods) with parameters that can influence the accuracy of the constructs [5]. This research 
group found the differences between the imaged reality and 3D printed construct to range between 0.04 mm and 0.62 mm, when applying the most 
commonly used segmentation technique of “global thresholding”. Reprinted with permission by Elsevier.
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code” which will serve as computer commandos for 
the 3D printer on the course it has to run the nozzle 
through while printing the digital model, layer on top 
of layer in a CNC-like way[4].
 
 
4. The different types of 3d bioprinters
The previous paragraph described a design process 
that is very similar for 3D printers as it is for 3D bio-
printers. The outside look of a ‘regular’ 3D printer and 
a 3D bioprinter can also be very similar, as compa-
nies such as ‘Cellink’ are now selling desktop models 
starting at approx. 5000 USD. However, most of the 
cutting-edge 3D bioprinting research preformed 
nowadays makes use of very specific biomaterials 
and even more specific strategies of processing these 
materials. As a result, a lot of researchers modify  
existing 3D printers to these specific requirements, 
creating dozens of unique 3D bioprinters. 
The exact method of delivering materials into a 3D 
structure however can always be narrowed down to 
one of 4 mechanisms, described below and illustrat-
ed in Fig.7.[6].
4.1. Inkjet bioprinting
This type of bioprinting relies on the formation of 
small air bubbles to push droplets of bio-ink (the 
chosen mixture of biomaterials and cells) out of the 
nozzle of the printer. The bubbles can be generated 
by local heat (thermal), current over a crystal (piezo-
electric), sound waves (acoustic) or static electric-
ity[7-11].The first two of these methods are the most 
widely applied and even though heat generation 
would seem a risk for cell viability, more difficulty is 
experienced with the piezoelectric mechanism. 
4.2. Extrusion-based 
Similar to inkjet bioprinting, extrusion- based bio-
printing uses pressure to force the bioink out of the 
nozzle of the printer but does this by applying direct 
mechanical force or air pressure onto a plunger in a 

syringe-type of depositor[7-10]. With this robust de-
positing system, extrusion-based printers can handle 
more viscous types of bioink with higher cell densi-
ties (groups of cells, organoids), resulting in a contin-
uous cylindrical stream rather than droplets.
4.3. Laser-assisted
A third type of 3D bioprinting is based on the mech-
anism of laser-induced forward transfer of energy 
(LIFT). It uses the energy of a pulsed laser beam, fo-
cused and directed onto a specially designed 2-layer 
plate (called “a ribbon”), consisting of an absorbing 
layer generating local heath and ultimately small 
high-pressure bubbles which force droplets of bio-
ink to form from an underlaying plate of biomate-
rial[9,11]. Since there is no (mechanical stress-induc-
ing) nozzle for the cells to pass through, cell viability 
is relatively high and precise focussing of the laser 
beam can provide good resolution of the printed 
construct. The process of printing however is rather 
slow and the 2-layered “ribbon” is an expensive com-
ponent.
4.4. Stereolithography
This last category of 3D bioprinting also applies fo-
cused UV light, but uses this to cure or selectively 
solidify a photosensitive biomaterial[9,13]. It is the 
oldest type of bioprinting and has yielded good reso-
lutions with polymers with high molecular weights. 
The direct UV lighting of the biomaterial however is 
known to induce stress, lowering cell viability.

 
5. Combining biomaterials and cells into 
the bioink
Up to this point we have described the part of 3D bio-
printing that consists of computer programming and 
printing apparatuses. The part that is “bio”, consists of 
the cells that will be printed and the bio-compatible 
materials which will accommodate these cells. To-
gether they form the bio-ink.  To give an understand-

  Figure 7. Schematic drawing representing the major bioprinting techniques [12]. (A) Inkjet bioprinting (B) Laser-assisted bioprinting 
(C) Extrusion bioprinting (D) Stereolithography.  Reprinted with permission by Wiley.
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a summarization categorizing them as polymers, ce-
ramics and composite materials[8,14,15,6].
The group of natural polymers consists of organic 
polysaccharides that are spontaneously formed by 
organisms in nature. Some of these appear in hu-
mans, such as collagen and gelatine. Others are of 
fungal or bacterial origin, such as chitosan[16] or 
alginate[17]. Since they attract lots of water, these 
polymers can be easily made into hydrogels, closely 
resembling the natural cell environment and thus 
providing good bio-compatibility, osteo-conduc-
tivity and low immunogenicity[8]. These hydrogels 
can be printed at relatively low temperatures, which 
also favours cell survival. The lack of intrinsic strength 
however almost always demands crosslinking of the 
polymer; for example, with Ca2+ or Mg2+ in the case 
of alginate and NaOH in the case of chitosan. Cross-
linking can be done by heat, chemicals or UV light, 
most often right after printing, but all of these are 
known to induce stress on the printed cells. When im-
planted in the body, the polymer construct would be 
degraded by enzymes such as collagenase and the 
degradation product would not be toxic. Variation in 

locale enzyme concentration however would make 
the degradation rate hard to control.
Using polymers that are instead synthetic linear 
aliphatic polyesters, would eliminate some of the 
problems of unpredictable characteristics associated 
with naturally occurring saccharides. Their molecular 
weight and size distribution are known and can sta-
bly be controlled and reproduced[14]. Their intrinsic 
strength is much higher than that of the natural poly-
mers; thus they allow constructs with a more com-
plex architecture. Unfortunately, liquefying these 
synthetic polymers for printing requires tempera-
tures between 60° and 200°C[18]. Degradation of 
these constructs, though spontaneous and predict-
able by simple hydrolysis, results in local accumula-
tion of acids. Both of these characteristics negatively 
impact cell survival.
Bio-ceramics are also a category of biomaterials used 
in 3D bioprinting and they can rely on a longer tradi-
tion of clinical application, as some of them already 
exist as injectables and are approved by the FDA.  
They surpass synthetic polymers in compressive 
strength, and the often-high calcium content and
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polymers natural - collagen
        -       gelatine

- fibrin
- hyaluronic acid
- heparine

- alginate
- chitosan
- (carboxy-methyl) cellulose

        -        pectine
- silk fibre
- chondrotine sulfaat
- carrageenans
- xanthan
- dextran

synthetic - PGA (poly-glycolic acid)
- PLA (poly-lactic acid) 
- PCL (poly ε- caprolactone) 
- PPF (poly propylene fumarate)
- PEG (poly ethylene glycol)
- PU (polyether urethane)
- PEEK (polyether ether ketone)

ceramics - Hydroxyapatite
- B- tricalcium phosphate
- coralline
- Bioglass
- calcium-silicate

composites Hybrid hydrogels 
+ ceramics,
+ synthetic polymer fibres
+ peptides
+ … 

Present in humans

Found in 
bacteria, 
fungi,…

  Table 1. Overview of popular biomaterials used in bioinks. 
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porous microstructure provide good osteo-conduc-
tivity. However, as they are processed as a sludge, 
directly printing them together with cells is difficult 
and has not yet yielded high cell survival.
It is almost impossible to present an exhaustive list, 
as the category of composite materials is by far the 
largest as it is made up of combinations of materi-
als. Not only combinations of components from the 
first two categories, but also combinations of bio-
materials and bioactive compounds are currently in 
use. As mentioned above, most 3D bioprinting re-
search is not performed by standard printers, but by 
custom-tailored variants. This is because researchers 
constantly try to unite biomaterial properties, print-
ing techniques and tissue engineering designs into 
projects with viability. Some examples are described 
below. We have mentioned the good cell viability of 
natural polymer-based hydrogels such as alginate 
and gelatine, and their lack of intrinsic strength.  
Researchers went by this and have made mixtures of:
- Gelatine and acryl, resulting in methacrylated gela-
tin hydrogels[14].
- Alginate, gelatine and calcium phosphate, showing 
improved adhesion and cell proliferation when print-
ed with bone-related Saos-2 cells[19]. 
- Alginate crosslinked with gelatine, combined with 
Bioglass[20] or Hydroxyapathite[21], showing im-
proved mechanical strength, as well as improved 
proliferation and mineralisation when printed with 
Saos-2 cells.
Synthetic polymers are generally stronger than natu-
ral polymers, but less bio-compatible. They too can 
be made suitable for 3D bioprinting when mixed into 
composite materials, such as:
- Polycaprolactone crosslinked to alginate, resulting 
in improved strength[22].
- Polycaprolactone, added as a microfiber to hybrid 
hydrogels of alginate and gelatine, or to collagen, re-
sulting in accelerated new bone formation, even in in 
vivo experiments[23]. These are just a few examples 
of biomaterial-configurations that show potential for 
3D bioprinting, as they are able to unite viable con-
ditions for living cells with processability and favour-
able characteristics towards scaffold design.  Strictly, 
3D bioprinting can be done by printing these com-

binations of biomaterials (without any cells) and al-
lowing the printed construct to be colonised by cells, 
either in vitro or upon implantation. Some examples 
of this “indirect” 3D bioprinting are listed below.
In 2013 Lee et al. bioprinted a mandibular condyle 
out of gelatine (Fig 8), with an outer surface and ana-
tomical shape based on patient specific imaging and 
an inner structure of a regular (cuboid) lattice with 
tubes of 1.3mm diameter and pores of 1.7mm. By 
infiltrating the structure thus obtained with a PCL 
or chitosan solution and washing away the gelatine 
afterwards, the same construct was obtained in PCL 
and chitosan. These constructs were also success-
fully seeded with mouse bone marrow stromal cells 
(mBMSC’s), which showed good spread and prolif-
eration, especially when coating the construct with 
hydroxyapatite[24]. In 2014, Temple et al. managed 
to bioprint a complete human mandible (Fig. 9) and 
maxilla directly out of PCL, using a self-designed 
3D bio-printer (a converted CNC, able to melt and 
extrude PCL through a nozzle of 470 µm at a speed 
of 2,7 mm/s). They based the design on patient spe-
cific imaging and used a slicer programme which 
filled up the inner structure with a cuboid lattice 
and automatically created extra supporting struc-
tures, which were trimmed away after printing.  The 
3D bio-printed mandible however was not  seeded 
with stem cells[4]. These examples demonstrate that 
reconstruction of a human mandible (or at least frag-
ments) with an accurate shape and with some sort of 
viability has been lying within the interest field of 3D 
bioprinting research for some time already. Implant-
ing these structures however would seem insensible, 
as we would all sense they would have to mimic the 
human mandible much closer if they should replace 
it, survive in its environment, be subject to the forces 
it withstands. 

6.  3D bioprinting design
It is clear that more elaborate designs for 3D bioprint-
ing are still to precede possible attempts at implanta-
tion. Executing these proceedings, many researchers

  Figure 8. 3D printed gelatine mandibular condyle mold [24]. 
Reprinted with permission by Elsevier.

  Figure 9. 3D-printed, porous PCL scaffolds of a mandible at 40% infill 
density[4]. Reprinted with permission by Wiley. 
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are now focussing on creating smaller patches of  
tissue, with more realistic viability. Incredible inge-
nuity has already led to several successful constructs 
and in doing so, several 3D bioprinting parameters 
have been studied. The obtained insights are also 
broadening the view on how tissue engineering a 
load-bearing structure, such as required for bone  
tissue should be approached. A few key features con-
tributing to a successful 3D bioprinting design for 
bone tissue are described below.
6.1. Configuration of the construct (design of the 
scaffold) 
Current approaches towards load-bearing bone 
range from loose configurations of hydrogels al-
ready containing stem cells, to rigid, volumetric and 
morphologically adequate printed scaffolds, later to 
be seeded with stem cells. Generally, constructs are 
more bio-compatible and supporting of self-organ-
ising capacities of the cells as they are more natural 
polymer based, and more structured and mechani-
cally strong as they contain more synthetic polymers 
or bio-ceramics. It must be noted that the majority of 
all 3D bioprinting research currently makes use of the 
more organised approach. 
The scaffolds created are most often regular shaped, 
supported by space-filling lattices (regular cubes or 
honeycomb pattern, (ex. Fig 8). This is despite the fact 
that algorithms and even libraries and tools have been 
developed to create more complex scaffolds with 
functional grading and with known characteristics, 
more closely mimicking the complexity of tissue[25]. 
Supposedly it is due to the small scale of the research 
and focus on cell-viability that these more complex al-
gorithms have not yet been applied to in vitro 3D bio-
printing studies, because most likely they would not 
cause executional problems.
6.2. Choice of cells
Many researchers favour the direct printing of cell-
laden bioinks, as it allows for niche formation and a 
level of interaction with the scaffold that cannot be 

matched when colonizing the scaffold from the out-
side. The cells that would then be embedded in the 
bioink can either be functional primary cells with sup-
porting cells (osteoblasts, osteoclasts and perhaps 
osteocytes) for bone tissue, or stem cells (adipose de-
rived or bone marrow derived mesenchymal). Stem 
cells require stimulation towards differentiation but 
contain much more regenerative capacities and are 
clearly the preference in 3D bioprinting. Survival of 
the construct when implanted however, would un-
likely succeed if there were no additional colonisa-
tion of cells from the outside of the construct.
6.3. Pore size 
To allow such cells to enter and continuously recolo-
nize the 3D bioprinted construct and to allow them to 
proliferate and function, the construct needs to offer 
appropriate passages-spaces. This is also necessary 
to allow nutrients to reach the cells within the con-
struct by diffusion. Keeping in mind the µm size of 
pre-osteoblasts, it was established that the appropri-
ate pore size for a vascularized bone matrix would be 
200-300µm in diameter[26]. A larger pore size seems 
to be met with more vascular differentiation of stem 
cells whilst a smaller one seems to favour osteogenic 
differentiation[27]. The established porosity percent-
age of 90% for bone tissue is left redundant as many 
researchers have achieved favourable results with 
smaller percentages[26,4]. Also, there is an increased 
interest in creating a pore size gradient throughout 
constructs, as this could allow to control growth and 
mineralisation rates and would fit in the strategy of 
making scaffold give time-dependant instructions 
to the stem cells (Time, often referred to as the  
“4th dimension in 3D printing”).
6.4. Cell adhesion 
Porosity of the construct also contributes to cell ad-
hesion, albeit more on a micro-level (pores in the 
scaffold surface =micro-roughness of the scaffold). To 
this idea, scaffolds have been conjugated with poro-
gens like F-127[28], NanoHA and NH4HCO3+ Mg[29],  

  Figure 10.  The ITOP system [36]. (a) The ITOP system consists of three major units: (i) 3-axis stage/controller, (ii) dispensing module including 
multi-cartridge and pneumatic pressure controller and (iii) a closed acrylic chamber with temperature controller and humidifier. (b) Illustration of basic 
patterning of 3D architecture including multiple cell-laden hydrogels and supporting PCL polymer. Reprinted with permission by Nature America.
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  Figure 11.  Mandible bone reconstruction[36].
(a) 3D CAD model recognized a mandible bony defect from human CT image data. (b) Visualized motion program was generated to construct a 3D 
architecture of the mandible bone defect using CAM software developed by our laboratory. Lines of green, blue and red colors indicate the dispensing 
paths of PCL, Pluronic F-127 and cell-laden hydrogel, respectively. (c) 3D printing process using the integrated organ printing system. The image shows 
patterning of a layer of the construct. (d) Photograph of the 3D printed mandible bone defect construct, which was cultured in osteogenic medium for 
28 d. (e) Osteogenic differentiation of hAFSCs in the printed construct was confirmed by Alizarin Red S staining, indicating calcium deposition.
 Reprinted with permission by Nature America.

often slightly compromising the strength, but  
improving cell adhesion. Polarity and surface ten-
sion of the construct also play a pivotal role in cell 
adhesion as they determine the hydrophility of the 
construct, which accounts for cell adhesion through-
out protein binding to the scaffold. Strategies of 
reducing the often very negative surface tension  
(expressed as “surface zeta” value; ex. PLA= -40mV) 
include coating the surface with dopamine [28], PEG 
or Bioglass[30], effectively reducing contact-angles 
of PLA from 131,2° to 51,9°, making cell-adhesion 
much easier.
6.5. Ability of the scaffold to send biological cues/in-
teract with stem cells
Various researchers have experimented with methods of 
mimicking the interaction between cells and their micro-
environment. 
Examples include slowing down degradation of bio-ce-
ramics (like Wollastonite; CaMgSiO3) to provide a steady 
release of ions, which serves as a bio-cue for bone form-
ing cells[31], adding protein residues such as a cyclic arg-
gly-asp chain to bio-gels to stimulate osteogenic differen-
tiation[32], as mentioned above, or even adding plasmid 
DNA complexes to PLLA/collagen scaffolds to stimulate 
BMP-2 expression[33].
6.6. Ability to develop vasculature
As mentioned above, tissue-engineered bone tissue 
could not succeed in viability without proper supply 
of nutrients and oxygen throughout the construct, 
hence the need for pores. When dealing with a larg-
er bone construct, it would be hard to imagine ad-

equate supply without development of vasculature 
in the construct. 
Actually, this need for vasculature within the engi-
neered bone tissue is presumed indispensable and 
this is reflected by the considerable amount of re-
searchers simultaneously evaluating bone- and vas-
culature-formation in their 3D printed scaffolds[4]. 
Most research truly focussing on (micro)vessel  
development within 3D bio-printed bone have either 
(architecturally) created spaces for endothelial cells 
to arrange into tubes or have aimed to attract (micro)
vessel-infiltration from the supporting outside envi-
ronment. 
Examples include silicate bio-ceramics printed into 
hollow tubes releasing angiogenesis-inducing ions 
like Mg, Ca, and Si[34], porous CaP scaffolds releas-
ing angiogenic growth factors, up to scaffolds with a 
tube alignment that creates interconnected channels 
with vascular-like flow patterns[35].
We would like to conclude this design-section with 
2 examples of the latest wave of 3D bioprinting re-
search, making use of various, combined techniques 
to unite the characteristics described above and bun-
dling it all into a direct 3D bioprinted result The ITOP 
(integrated tissue-organ printer) by Kang et al.(Figs. 
10 and 11), made use of several different cartridges, 
simultaneously printing combinations of PCL, cell-
laden hydrogels of various compositions and a plu-
ronic F-127 component (to stabilize the printing pro-
cess)  into “vascularized cellular constructs of
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clinically relevant size, shape and structural integrity”. 
Amongst their productions was a mandible tissue 
construct (Fig. 11) consisting of PCL/TCP, F-127 and 
a human amnionic fluid derived stem cell (hAFSC)-
laden hydrogel consisting of 35mg/ml of gelatine (to 
allow liquification above 37°C), 20mg/ml fibrinogen 
(for stability, cell conductivity and cell proliferation) 
and 10% glycerol (to prevent nozzle clogging). After 
printing, the fibrinogen was directly crosslinked with 
thrombin for stabilization after which the rest of the 
hydrogel components (except for the stem cells of 
course) were washed away. The outline of the man-
dible construct was CT image- and CAD model-based 
and the inner architecture consisted of tubes of PCL/
TCP (of 130µm in diameter) and tubes of hAFSC-
laden hydrogel, creating micro-channels of 500 x 
300µm2. Cell viability throughout printing (1 day af-
ter printing) was shown to be 91 ± 2%, proving this 
complex printing process did not adversely influence 
cell viability and after 28 days in culture. Osteogenic 
differentiation was proven by Alizarin Red S staining 
for calcium deposition[36].
The need for substantial vasculature within a large 
3D bio-printed bone construct was creatively met 
by Batzaya et al. in their 2017 publication (Fig. 12) in 
which they presented their pyramidal construct of 28 
bio-printed tubes with varying compositions of stem 
cells, gelatine-methacryloyl, VEGF and Si-nanopar-
ticles. A commercially available 3D bio-printer was 
used to lay down a central tube of HUVEC- and hMSC 
-laden gelatine with low methacryolyl substitution 
(gelMaLOW), which would later gradually degrade to 
a central open channel, surrounded by 3 layers of 3D 
bio-printed tubes of hMSC-laden gelatine with high 
methacryolyl substitution (gelMaHIGH) and a gradi-
ent of covalently bound VEGF and Si-nanoparticles. 

After 7 days in culture, the central tube had become 
a perfusable lumen with an inner surface of HUVEC’s 
and an outer surface of supporting hMSC’s, differen-
tiated into supporting smooth muscle cells.  
The construct was then perfused with an osteogenic 
medium for 5 days, which supported proliferation 
and osteogenic differentiation of hMSC’s in the outer 
tubes, which, 21 days after printing, showed forma-
tion of mature bone niches, supported by micro-vas-
culature[37].
 

7. Conclusion
The sample of recent studies listed above gives us 
some idea of what is currently being investigated 
in 3D bioprinting research focussed on bone tissue 
engineering. It seems clear that obtaining viable 3D 
printed bone constructs will require a combination of 
techniques and bio-materials with different charac-
teristics. 
Clinical application in the field of maxillofacial surgery 
might not seem up for discussion yet, but research 
seems to be going the right way at a rapid pace. It 
is also remarkable how many of these cutting-edge 
bone tissue engineering projects are already project-
ing their experiments towards the maxillofacial area. 
Amongst bioengineers it seems understood that 
maxillofacial surgery is a field with great interest in 
new tissue engineering applications. Several au-
thors describe further elaboration of constructs with 
closer reproduction of the bone forming niche, more 
bio-interaction and a higher overall strength of the 
construct as the major obstacles to overcome in the 
further development of 3D bioprinting based bone 
tissue engineering. The further transit toward im-
plantation would also be preceded by more in vitro

  Figure 12.  Fabrication of bone mimetic 3D architecture containing osteogenic and vasculogenic niches[37].
(a)Schematic illustration of complex bone tissue structure. (b) Illustration of the bioprinting strategy for fabricating complex bone tissue architecture. A 
perfusable vascular lumen lined with HUVECs can be fabricated within a pyramidal bioprinted construct by arranging individual rods of VEGF‐ 
functionalized GelMA bioinks with different mechanical strengths. The hMSCs‐laden three outer layers of cylinders were loaded with silicate  
nanoparticles to induce osteogenic differentiation of hMSCs into bone tissue. The VEGF was covalently conjugated into the three outer layers of the  
cylindrical hydrogels. The concentrations of conjugated VEGF were determined with ELISA as 17.1, 34.2, and 68.5 ng mL−1. (c)  Scheme of the  
3D printing procedure of independent cell‐laden cylinders using an automatized and computer‐controlled bioprinter. 
Reprinted with permission by Wiley.
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maturation studies, animal studies and perhaps ethi-
cal and regulatory discussions. 
Aiming at overcoming the patient-inflicted burdens 
associated with autogenic transplantation, the cli-
nician would be remis not to follow these devel-
opments carefully and critically, offering feedback 
on available materials and constructs and perhaps  
suggestions in the design process. 
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Questions 
1. “Inkjet bioprinting” is:
qa.The first developed type of bioprinting;
qb.The most precise type of bioprinting (highest resolution);
qc.A bioprinting technique that generates droplets of bio-ink;
qd.A jet-laser-based bioprinting technique.

2. Inducing bio-ceramics printed into hollow tubes releasing ions like Mg, Ca, and Si was 
found to:
qa.Increase the strength of the porous CaP scaffolds; 
qb.Increasing the E-Modulus of porous CaP scaffolds;
qc.Stimulate osteogenic differentiation of hMSC’s; 
qd.Create interconnected channels with vascular-like flow patterns in porous CaP scaffolds.

3. The first 3D printer was invented by:
qa.Charles Hull;
qb.Jules Pouckens;
qc.Huan Wook Kang;
qd.Thomas Lambrecht.

4. An appropriate pore size for vascularized bone matrix was established at:
qa.20-30µm, which is within reach of modern 3D bioprinters;
qb.20-30µm, which is NOT within reach of modern 3D bioprinters;
qc.200-300µm, which is within reach of modern 3D bioprinters;
qd.200-300µm, which is NOT within reach of modern 3D bioprinters.

ADVANCES IN 3D BIOPRINTING FOR BONY DEFECTS OF THE MANDIBLE

POSTER ABSTRACT SUBMISSION DEADLINE– April 1, 2019

important deadlines:
Registration Opens: February 13, 2019

Poster/Free Communication Abstract Submissions Due: April 1, 2019
Early Bird Registration End Date: April 30, 2019

Advanced Registration End Date: August 16, 2019

www.world-dental-congress.org

254



Stomatology Edu Journal



Stoma Edu J. 2018;5(4):                    http://www.stomaeduj.com

MASKING POSTERIOR TOOTH DISCOLORATIONS 
WITH COLOR MODIFIERS

Andreas Spaveras1a        , Frantzeska Karkazi2b*        , Maria Antoniadou1c

1Department of Operative Dentistry, Dental School, National and Kapodistrian University of Athens, GR-11527 Athens, Greece
2Department of Stomatology and Maxillofacial Surgery, Faculty of Medicine, Comenius University in Bratislava, SK- 81250 Bratislava, Slovakia

aDMD, Postgraduate Student
bMDDr
cDDS, PhD, Assistant Professor

RESTORATIVE DENTISTRY 

Aim: The present article provides the clinician with a fundamental principle for achieving 
success with direct application of resinous materials in cases of discolored posterior teeth, 
mainly due to amalgam corrosion of a previous restoration. The procedure, advantages, 
and limitations of the technique are discussed.
Summary: A first upper right molar previously filled with amalgam was prepared for a 
direct composite resin restoration, due to secondary caries. The discolored dentin on the 
pulpal floor was treated with a white opaquer and a resinous corn color tint also applied 
with a round painter’s brush. Dentin and enamel shade stratification was performed 
according to the layering technique following the anatomical morphology of the tooth. 
Finishing was performed with extra-fine diamond burs and aluminum oxide disks. Then 
a silicon-rubber polishing cups system was used with a 5 μm diamond polishing paste in 
order to achieve high surface gloss. 
Key learning points: The preparation of dentin should be kept in minimum in order to 
follow the principle of minimally invasive dentistry. The application of an opaquer over 
the discolored dentin should be made in a very thin layer of 0.1 mm. The resinous color 
modifiers should be applied and layered homogeneously. 
Keywords: esthetic conservative direct restoration, posterior tooth, discolored dentin, 
color modifiers, tints..
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1. Introduction
The aesthetic appearance of dentition is of concern 
to a great percentage of the population. Natural teeth 
demonstrate translucency, opalescence, and fluores-
cence, all of which must be replicated by restorative 
materials in order to achieve clinical success. There-
fore, pursuing dental treatment and respecting the 
natural color of the teeth is of particular cosmetic im-
portance. Frequently, after the removal of a previous 
amalgam restoration, the exposed dentin commonly 
appears as a black discoloration, which is attributed 
to the penetration of corrosion products of amalgam 
into the dentin.
Composites are translucent by nature; even the most 
opaque shades transmit nearly 60% of the visible 
light[1].  As a result, composites require a certain 
thickness to maintain their intended shade, espe-
cially if the underlying substrate is particularly dark. 
Nevertheless, sometimes even relatively thick com-
posite restorations might not be capable of cover-
ing discolored dentin. The dark pulpal wall absorbs a 
significant part of light that would otherwise reflect 
towards the occlusal surface, and the restoration, due 
to that phenomenon, appears a non-vital monochro-
matic grayish color[2].

Treatment options of direct posterior restorations 
to minimize the effect of background color include 
single shade or layering shade technique (dentin /
chromatic/achromatic enamel shades), as well as 
the use of opaquers and tints (color modifiers) will-
ingly. Single-shade restorations are simpler; less 
technique-sensitive and can reduce chair side time 
for both the patient and the clinician. However, it is 
not always easy to achieve a natural tooth structure 
by using a monochromatic technique, since teeth 
are multichromatic with color variations. Layering 
shade technique is required in restorations of high 
aesthetical demand. The final restoration is usually 
more natural that single-shade technique, but it is 
technique sensitive and more time consuming.The 
proper knowledge of differences in translucency and 
the required thickness to mask dark background of 
the applied resin seems to be essential, though little 
information is available.
Miotti et al.[3] evaluated the ability of three resin 
composite systems (IPS Empress Direct- Ivoclar Viva-
dent, Charisma Diamond- Heraeus Kulzer and Filtek 
Z350 XT-3M, ESPE) to mask a severely discolored 
background by the application of a layering tech-
nique. Three groups presented clinically acceptable 
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color difference values; however, the Filtek Z350 XT 
system was the only restoration system capable of 
masking the C4 background. Moreover, Ikeda et al.[4] 
evaluated the translucency parameter and masking 
ability of three resin composites with two shades (A3 
and opaque A3) and in 1 and 2 mm thicknesses. They 
concluded only 2 mm thickness of the opaque-shade 
materials could mask the dark background. However, 
Darabi et al.[5], compared the translucency param-
eter of five different opaque or dentin A2 shade resin 
composites Gradia (GC; Tokyo, Japan), Herculite XRV 
(Kerr, Scafati, Salerno, Italy), Vit-l-escence (Ultradent, 
South Jordan, UT, USA), Crystalline (Confi-dental, 
Louisville, KY, USA) and Opallis (FGM, Joinville, Brazil) 
in different thicknesses and evaluated their masking 
ability in black backgrounds. They concluded that 
in relatively thin thicknesses, these opaque/dentin 
shade composite resins could not mask the black 
background color.
Color modifiers are used as base liners to counterbal-
ance discolorations or to imitate the natural fissures 
of the occlusal wall. During the restorative procedure, 
opaquers block out dark colors, while tints bring 
the desired color back to the tooth. Opaquers are 
liquid dimethrycrylate resins (BIS-GMA), which are 
usually photopolymerised and they contain potent 
pigments and high opacity percentages in different 
dentinal shades plus white and pink. They consist 
of 15% opaque metal oxides (titanium, zirconium, 
barium etc.), which increase the opacity and thus 
the ability to mask dark discolorations[6]. Opaquers 
are available in a flowable viscocity, in base-catalyst 
paste form and powder/liquid one. The main benefit 
of using color modifiers is that there is no need of ex-
tended removal of sound dentin, in order to perform 
a natural looking restoration[7]. When opaquers are 
used, the protocol presupposes that the discoloration 
should be covered approximately at 70%. A lower 
percentage (<70%) will result in a grayish restoration, 
while a higher one (>70%) will form an unnatural 
opaque final appearance. Their application should be 
in meticulous layers[8]. In highly demanding cases, 
opaquers and tints could be mixed with composite 
resins of low viscosity to enhance the opacity of the 
composites.Tints are resinous materials containing 

strong pigments, which increase hue and chroma. 
They transmit light, therefore they add translucency 
back to restorations after the placement of the opa-
quer. They are also used in order to reproduce ana-
tomical characteristics and improve the aesthetics of 
restorations. Their application should be minimal and 
under the final composite layer. Shades such as hon-
ey, yellow, light/dark brown, ocher and pink are fre-
quently used in the restorations of posterior teeth[9] 
It is suggested that clinicians should get familiarized 
with different color modifiers in laboratory condi-
tions before performing their clinical application. This 
would enhance their knowledge concerning color 
modifiers’ masking ability and optical characteristics. 
Moreover, it enables the attainment of individualized 
and customized composite restorations. The aim of 
this article is the presentation of a step-to-step direct 
masking of the discolored dentin of a posterior tooth 
(#16) with the aid of color modifiers. Specific clinical 
tips and potential mistakes made by using such ma-
terials are also described thoroughly.

2. Case Presentation 
A 35-year-old female patient requested the replace-
ment of an insufficient old amalgam restoration of 
the upper right first molar (#16), due to secondary 
caries (Fig. 1).
During the clinical inspection, the tooth did not re-
act sensitively in the cold test and showed no nega-
tive reaction to the percussion test. The buccal and 
palatal walls were measured and were greater than 
1.5 mm in width; therefore a direct restoration could 
be performed. Tooth shade selection was performed 
before field isolation to avoid color mismatching, due 
to the dehydration of dental hard tissues during the 
procedure. Since, successful composite resin resto-
rations are based on the bond formed between the 
dental hard tissues and the composite, isolation is 
an important part in direct restorations. It prevents 
moisture contamination and ensures increased gin-
gival retraction compared to other techniques. In this 
clinical case, the upper posterior teeth were isolated 
with a medium weight rubber dam (Nictone, MDC 
Dental, Mexico). Two wedges (wooden, orange, Poly-
dentia, Switzerland) were inserted in the mesial and 

  Figure 1. Preoperative occlusal view: insufficient amalgam restoration.   Figure 2. Postoperative situation: examination of the dark discoloration.
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distal interproximal spaces (pre-wedging technique) 
to overcome the close proximity with the adjacent 
teeth to prevent removal of sound enamel. The 
preparation of the cavity was performed mesially, 
occlusally and distally with a medium pear diamond 
(856, 0.16 mm, 10 mm, Comet Gebr., Brasseler) under 
water-cooling. 
After removing the amalgam and while conserving 
the remaining dental hard tissues, a strong dark dis-
coloration was observed on the pulpal wall (Fig. 2).
A 37.5 % phosphoric acid (Gel-Etchant, Kerr Corpora-
tion, Orange, CA, USA) was applied to the prepared 
enamel and dentin for 30 and 15 seconds, respective-
ly. Dental tissues were rinsed and nearly dried with a 
light air pressure spray (2 or 3 seconds). As soon as 
the etching was performed, sectional matrices (Palo-
dent, Dentsply Sirona) with wedges (wooden, white 
and orange, Polydentia, Switzerland) were placed on 
the distal and mesial walls respectively. An adhesive 
procedure was performed with a three-step etch-
and-rinse system (Optibond FL, Kerr Corporation, 
Orange, CA, USA) according to the manufacturer’s in-
structions of use. Following the adhesion, the proxi-
mal walls were formed in order to transform the Class 
II cavity into a Class I cavity. An enamel shade (Enamel 
A2, Filtek Supreme Ultimate, 3M ESPE) was used (Fig. 
3) for the buildup of the proximal walls. During the 
polymerization, the sectional matrix was pressed to-
wards the adjacent tooth with a periodontal probe, 
in order to achieve the appropriate contact point  
(Fig. 4). Following the interproximal walls construc-

tion, the dark discolored pulpal wall was examined 
carefully, in order to estimate the proper amount 
of opaquer, which should be used (Fig. 5). A small 
amount of the opaquer (Venus Color White, Heraeus 
Kulzer GmbH, Hanau, Germany) was applied uni-
formly in a very thin layer (0.1 mm) on the discolored 
pulpal wall with a round painter’s brush (Da Vinci, 
Series 373, Flat No. 2) (Fig. 6). Then, the yellow tint 
(Corn Inspiro, Edelweiss DR AG, Mercandor, Switzer-
land) was applied again uniformly in a very thin layer 
(0.1 mm) over the previous opaque layer, in order to 
imitate the yellowish shade of dentin and add some 
translucency to the restoration (Fig. 7). Each layer was 
photopolymerized separately with a LED-curing de-
vice (TechnoGaz, Parma, Italy) for 20 seconds accord-
ing to manufacturers’ directions of use (Fig. 8). After 
that, the layering of the dentin composite (Dentin A2, 
Filtek Supreme Ultimate, 3M ESPE) was performed, in 
order to achieve better esthetic appearance of the 
restoration. The incremental technique was used, 
to ensure the complete polymerization of all the 
underlying layers (Fig. 9). A thin layer of the appro-
priate enamel shade of the same composite system  
(Enamel A2, Filtek Supreme Ultimate, 3M ESPE), was 
applied in relation to the morphology of the first up-
per molar and photopolymerized for 40 s, accord-
ing to the manufacturers’ directions of use (Fig. 10).  
Finally, the occlusal check was performed with an ar-
ticulating paper to confirm that the restoration con-
formed precisely to the patients pre-existing occlusal 
scheme, in both the intercuspal position and all ex-

  Figure 3. Formation of the distal and mesial walls with enamel shade 
resin.

  Figure 5. Occlusal view after polymerization of the proximal walls.

  Figure 4. Pressing the sectional matrix towards the neighboring tooth 
to perform the appropriate contact point..

  Figure 6. Opaquer placement to the discolored pulpal wall.
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cursions (Fig. 11). Finishing for accomplishing con-
touring, shaping and smoothing of the restoration 
were performed with an extra-fine diamond bur and 
aluminum oxide disks (Sof-Lex, 3M ESPE AG, Seefeld, 
Germany), in order to give the proper anatomical 
morphology and simultaneously to remove all excess 
at the tooth restoration interfaces. For the polish-
ing, a two-step silicon-rubber polishing cups system 
(Flexi Cups, Cosmedent, Chicago, IL, USA) and a 5 μm 
diamond-polishing paste (Diamond Polish Mint, Ul-
tradent Products Inc, South Jordan) were used for 30 
seconds, to achieve a higher surface gloss. The final 
restoration and the neighboring teeth were photo-
documented at the end of the restoration (Fig. 12). 

3. Discussion
Many amalgam restorations have to be replaced 
due to micro-leakage, recurrent caries, bulk amal-
gam fracture and sometimes the aesthetic demands 
of the patient[10]. Amalgam corrosion products 
penetrate deeply into the dentinal walls and cause 
dark discolorations[11]. The penetration of black 
pigments in dentin underneath both high-Cu and 
low-Cu amalgams in demineralized specimens are 
unevenly distributed and observed predominantly in 
dentin near to pulp horns. Discoloration in the major-
ity of cases is not limited to the outer demineralized 
dentin but extended beyond this zone. An evenly dis-
tributed bluish-green discoloration is frequently ob-
served underneath all high-Cu amalgam specimens 
independent of demineralization[12]. Therefore, the 
extension of the cavity preparation to ameliorate the 

discoloration might be not beneficial.
Furthermore, a scanning electron microscope (SEM) 
study of Harnirattisai et al.[13] shows that the ma-
jority of the dentinal tubules in cases of discolored 
dentin were open, but plasma proteins inside the 
dentinal fluid may reduce the permeability of den-
tin and interfere with the ability of the resin mono-
mer to infiltrate. As a result, discolored dentin could 
be considered as a different substrate during clini-
cal procedures, which is able to decrease the bond 
strength. However, on the basis of an in vitro study, 
there are no benefits in extending the cavity walls of 
the preparation, when replacing amalgam restora-
tions[14]. The application of dental liners, bases and 
cavity varnishes results in reducing micro-leakage 
that may cause sensitivity, discolorations and bacte-
rial invasion, due to the fact that these materials are 
able to seal the dentinal tubules.
Discolorations of posterior teeth should be restored 
primarily with the least invasive techniques. In more 
detail, dental bleaching can be used as an alternative 
or the first treatment step before a direct restoration 
or to treat a stained arrested caries lesions [15]. Apart 
from bleaching and the well-established restorative 
options, a restoration that covers both buccal and 
cuspal areas can be used, the so called “vonlay”.  Gen-
erally, they are monolithic structure fabricated from 
lithium disilicate, a vonlay is a hybrid of an onlay with 
an extended buccal veneer surface for use in bicuspid  
regions where there is mostly enamel to bond to[16] 
Even if extra tooth structure is removed, the problem 
of obtaining an optimal result can be more difficult 

  Figure 7. Corn color placement with a small round painter’s brush.

  Figure 9. Stratification of the composite resin of dentin shade.

  Figure 8. After the polymerization of the tint.

  Figure 10. Enamel shade composite placement of the same system.
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due to the effect of the underlying resin cement. The 
tooth shade can also vary somewhat after placing 
the specific restorations because of a color shift in 
the polymerized resin cement. On the contrary, the 
shade of direct composite restorations can be easily 
modified in order to obtain the optimal result. 
It is recommended that general dental practitioners 
consider adopting minimally invasive techniques in 
the first instance before moving on to more invasive 
treatment plans. Indirect restorations require more 
tooth preparation and more than one appointment 
to be completed[17–20]. Metal ceramic restorations 
though they have shown long-term success due to 
good mechanical properties[21], achieving a natural 
appearance is more challenging with a metal-ceram-
ic restoration than an all-ceramic restoration due to 
the fact that metal copings prevent light transmis-
sion[22]. Additionally, since porcelain is the main 
material of choice in the aforementioned treatment 
plans, there is a high probability of excessive wear 
of the opposing restoration or the natural tooth, 
due to the friction between the two[23]. Direct resin 
composite materials exhibit a promising long-term 
clinical performance when rehabilitation of posterior 
teeth is needed[24]. Therefore, they may be used as 
an equivalent alternative to glass-rich-ceramic inlays 
regarding mechanical performance[25]. As a result, a 
direct composite restoration may be the preferable 
choice, especially if there is adequate tooth structure 
and the patient is a perfectionist. 
In addition, the new generation of composites (nano-
hybrid composites) has been improved in respect of 
shade, wear and fracture resistance[26,27]. Nano-
hybrid resin composites are able to imitate ceramic 
materials in functional and optical aspects[28,29]. 
Even dischromatic posterior areas could be covered 
with great effectiveness. However, because of their 
low opacification ability, they sometimes fail to cover 
very dark discolored pulpal walls of previous amal-
gam restorations.
In these demanding cases opaquers and tints should 
be used to counterbalance even the darkest discol-
orations and simultaneously follow a minimally inva-
sive approach. Therefore, the correct and moderate 
use of opaquers and tints should be suggested in 
presenting the “lege artis” of direct posterior restora-

tions.
Clinical tips of how to apply correctly the color modi-
fiers in the posterior restorations will be mentioned 
below. Color modifiers should be applied homoge-
neously in very thin layers (0.1–0.5 mm each) with 
a small round brush. Moreover, they should be se-
lected carefully. Some of them are highly pigmented, 
therefore only a single thin layer is needed to obtain 
an adequate coverage of a discoloration; whereas 
others may require the application of two or more 
layers of color modifiers[30]. The clinician has to pre-
pare and preserve an adequate space (minimum 1.5 
mm); to be filled with resin composite[2,31]. Mask-
ing of the opaque layer is also an esthetic necessity. 
Monochromatic or layering techniques can be either 
used. However, aesthetics in these situations is usu-
ally of high importance, the layering shade technique 
(enamel-dentin shades) is preferred by many clini-
cians.
In addition, potential problems regarding the tone of 
the restorations will be discussed below. Grey resto-
rations may result due to the inefficacy of the opa-
quer to mask the discoloration or insufficient amount 
of opaquer applied. A matte restoration may be the 
result of one of the following: (a) too strong opacifi-
cation ability of the opaquer, (b) excessive amount of 
the opaquer and (c) close proximity of the opaquer to 
the occlusal surface (less than 1.5 mm). Spotted res-
torations are mainly the result of uneven layering of 
color modifiers[32].
The knowledge and the correct use of color modi-
fiers, as well as, the skills and the aesthetic percep-
tion of the dentist are the key factors in establishing 
a natural result[33,34], particularly when the restora-
tion relates to a single discolored tooth. Therefore, 
the ability to accurately perceive and differentiate 
the color characteristics of natural dentition is a 
major prerequisite for a successful restoration. The 
aesthetic success of the restoration depends mainly 
on the correct choice of the shade of the composite 
and the total opacification ability of the opaquer and 
the composite materials used. The importance of the 
specific technique is that even the most difficult and 
dark pulpal wall discolorations can be covered by 
simultaneously following the minimally invasive ap-
proach of cavity preparation.

  Figure 11. Checking occlusion.   Figure 12. Final occlusal view.
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4. Conclusions
Restoring a single posterior discolored posterior 
tooth with composite resin is a demanding task. 
Color modifiers should be applied to ameliorate the 
dark discolorations and simultaneously follow a mini-
mally invasive technique. Their use demands knowl-
edge, experience, training and a feeling of cause 
and effect. Success in a posterior direct restoration 
is achieved by applying resinous color modifiers in 
meticulous layering, use of nanohybrid composite 
resins of both dentin and enamel shades, finishing 
and polishing.
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Questions 
1. Color Modifiers promote:
qa. Non-invasive procedures;
qb. Minimally invasive indirect restorations;
qc. Minimally invasive direct restorations;
qd. Invasive restorations.

2. Color modifiers should be applied:
qa. In very thin layers (0.1–0.5 mm each); 
qb. In thin layers (0.5-0.7 mm each);
qc. In moderate layers (0.7-1.2 mm each);
qd. In thick layers (1.2-1.5 mm each).

3. Opaquers and Tints should be applied homogeneously with:
qa. A probe;
qb. A micro-brush;
qc. A small round painter’s brush;
qd. A flat painter’s brush.

4. The clinician has to prepare and preserve:
qa. A minimum 1.0 mm space to be filled with resin composite;
qb. A minimum 1.5 mm space to be filled with resin composite;
qc. A minimum 2.0 mm space to be filled with resin composite;
qd. A minimum 3 mm space to be filled with resin composite.
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ROTATIONAL PATH PARTIAL DENTURES: AN UNDERUTILIZED 
TREATMENT MODALITY IN AESTHETIC DENTAL MEDICINE
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PARTIAL DENTURES

Aim: To design a highly aesthetic prosthesis at low cost, which replaces maxillary anterior 
teeth without showing removable denture clasps.
Summary: Today’s clinical practice is highly dictated by the increasingly demanding 
aesthetic standards of the modern patient. While advances in biomaterials and titanium 
osseo-integrated implants have made replacing missing teeth possible in a natural-
looking way, many patients are not candidates for these fixed restorations due to 
physiological or financial barriers. In this case report, a patient with a history of anterior 
maxillary incisor partial-edentulism for whom fixed restorations were not feasible was 
treated using a rotational path of insertion partial denture. 
With this technique, the author was able to design a removable partial denture with no 
clasps showing, irrespective of the smile line height. 
The final result completely obscures the retentive mechanisms upon smiling and is 
highly aesthetic, on par with implant-retained fixed restoration, at a fraction of the cost 
and without the associated risks and complications of surgically-driven prosthetic cases. 
Learning Points: This article will review this case and the supporting literature, as well as 
provide guidance on laboratory prescription writing and optimal case selection.     
Keywords: Denture, Partial, Removable (D003832) Esthetics, Dental (D004955) denture, 
partial, removable (D003832) esthetics, dental (D004955).
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1. Introduction and Background
Today’s clinical practice is highly dictated by the in-
creasingly demanding aesthetic standards of the 
modern patient. While advances in biomaterials and 
titanium osseo-integrated implants have made re-
placing missing teeth possible in a natural-looking 
way, many patients are not candidates for these fixed 
restorations due to physiological or financial barriers. 
In this case report, a patient with a history of anterior 
maxillary incisor partial-edentulism for whom fixed 
restorations were not feasible was treated using a ro-
tational path of insertion partial denture. 
Removable partial dentures, abbreviated RPDs, are 
a popular, inexpensive treatment option for the par-
tially dentate patient seeking full arch rehabilitation. 
Generally, well-designed RPDs are composed of the 
following basic components: (1) a cast metal major 
connector that forms the majority of the body of the 
prosthesis, (2) areas of metallic mesh upon which 
acrylic gingiva and denture teeth are affixed, (3) 
guide planes, metal areas which contact the, often 
purposely adjusted, proximal teeth in edentulous 
areas, (4) cast metal occlusal rests which fit into mes-
sio-occlusal rest seats prepped into the teeth, (5) and 
metal retentive and reciprocal clasp elements which 
engage undercuts on the buccal (or lingual) surface, 
which are connected to the prosthesis via connect-
ing metal referred to as the minor connector. 

The clasping systems which attach the prosthesis to 
the dentition are generally cast metal, though sol-
dered wrought wire, and thermoplastic options do 
exist[1,2]. Indeed, various components of the RPD 
may also be made with thermoplastic elements, 
though in cases similar to the one reviewed here, the 
author will suggest that the rotational path RPD de-
sign is clinically superior. 
The rotational path of insertion removable partial 
denture was first reported on by Humphereys in 1935 
and credited to Hallen Back[3]. The concept is broadly 
divided into two categories, Category I and Category 
II prosthetics[4,5]. The former are useful when mesi-
ally tipped molars do not have adequate buccal un-
dercuts for traditional clasp retention. The latter are 
the subject of this article and are useful in Kennedy 
Class IV and similar situations where missing anterior 
teeth need to be replaced esthetically. The advan-
tage of the type of prosthetic discussed herein is that 
it has no anterior clasps, making the transition from 
prosthesis to natural tooth seamless. 
Because the design of these prosthesis is considered 
“complicated” by many practitioners, this technique 
is seldom taught in the dental school curriculum.  
According to Jacobson, et. al., nearly 20% of sur-
veyed prosthodontists report only a “superficial  
understanding” of rotational path RPDs[5].  
The author believes this lack of familiarity is likely 
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only increased as our profession has turned its focus 
toward osseointegrated implants, new restorative 
materials, and fixed treatment modalities. 
As will be shown here, this treatment modality is 
both accessible and attractive to patient and clini-
cian alike. While the rotational path RPD may lack the 
‘glamor’ of newer surgical fixed treatments, it more 
than compensates with highly aesthetic treatment 
results which outshine other removable options and 
even rival more complex treatments.
 
2. Case Presentation
2.1. Initial Presentation and Phase 0-II Therapy
A forty-year old female patient presented to the clinic 
with a history of maxillofacial trauma, having lost her 
maxillary incisors in an equestrian accident in her 
youth. She presented to the clinic with an ill-fitting 
flipper with which she was unhappy. Her chief com-
plaint was her smile aesthetics and poor function-
ing prosthetic, as well as some acute pain on tooth 
#18. Her medical history was generally non-contri- 
butory to her dental evaluation, except that she was 
a 20 pack-year smoker who quit smoking over the 
course of her dental treatment described here. She 
also disclosed that her smile had negative effects 
on her self-esteem and discussed the significance 
of her “semi-colon” wrist tattoo with her dental pro-
vider. (Semi-colon tattoos are a symbol of the suicide 
struggle awareness and prevention movement.) As 
might be expected, data have shown that comorbid 
depression and anxiety are associated with partial 
edentulism[6].
In addition to the maxillary partial endentualism, 
she also presented with need for acute treatment 
of a mandibular molar which was extracted due to 
carious invasion of the pulp. The patient examina-
tion classified her as high caries risk, with several 
active lesions and missing teeth on both arches.  
The patient was diagnosed with mild-moderate 
chronic generalized periodontal disease with local-
ized moderate-severe disease around the upper right 
first molar. Phase I treatment evaluation showed 
substantial improvement in periodontal health after 
scaling and root planning therapy, including stabili-
zation and marked improvement of the periodontal 
health of the maxillary molar. Fig. 1 shows a photo-
graph of the patient after completion of initial peri-

odontal treatment. Caries risk was also decreased 
by extensive restorative dentistry and significant 
improvement in patient home-care via oral hygiene 
instructions delivered in the dental operatory. 
2.2. Definitive Treatment Planning and Phase III  
Therapy
With active dental disease controlled, the patient 
was cleared for definitive prosthetic treatment.  
Because finances were a significant factor in treat-
ment, implant or traditional fixed bridge therapy 
were not considered. This made removable partial 
dentures the only financially and medically viable 
treatment available. Initially, a classic metal-acrylic 
RPD design was proposed, with infrabulge or i-bar 
style clasps utilized on the maxillary canine teeth.  
A similar design was proposed for the lower arch.  Smile 
analysis, however, as simulated in Fig. 2 showed that 
this would likely cause the maxillary anterior clasps 
to be visible upon smiling and functional movement. 
Though infrabulge clasps are a good first instinct for 
the RPD architect attempting to obscure clasps, they 
are often contra-indicated in the aesthetically con-
scious young patient whose labial tissues and gingi-
val show cause the clasps to be visible, especially in 
the anterior maxillary arch[7]. An experienced den-
tist can quickly ascertain whether clasps will be vis-
ible by visual inspection; however, digital prosthetic 
smile design techniques such as the one show in  
Fig. 2 are simple and fast ways to communicate the 

  Figure 1. Shows patient without prosthetic after perio treatment

  Figure 2. Shows a simulated digital smile analysis, revealing that i-bar 
clasps would likely create an unattractive metal display.

  Figure 3. The figure shows the drawn lab script for rRPD.
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issue to a patient, if needed. Several options exist to 
address this issue of exposed clasps and they will be 
discussed now in brief. One option is to use a Valplast 
or similar thermoplastic clasp which can be tooth 
colored. This option has several limitations. First, 
the clasp is still visible. It is merely less noticeable.  
Second, thermoplastic materials are more prone 
to fatigue and fracture[1,2]. Though most clinical 
studies support the use of thermoplastics for their 
aesthetic advantages, their reported “clinical accept-
ability” does not make them equals with respect to 
mechanics to their metal counterparts. A second op-
tion is the use of precision attachments. These come 
in two varieties, intra and extracoronal attachment 
systems[7]. The intracoronal variety have several limi-
tations including that they require a certain level of 
laboratory sophistication, i.e. the precision aspect 
of the attachment requires the parts mate exactly, 
without the inherent leeway about a broad tooth 
contour traditional bulge-articulating clasps have. 
Additionally, these clasps require more significant 
preparation of the teeth, and cementation, both of 
which introduce obvious short and long-term clini-
cal issues for both clinician and patient. The second 
subtype of precision attachment are extracornonal 
attachments, which function by cantilevering a hoop 
off of the abutment teeth into which a pin on the 
RPD fits. This requires a certain level of space within 
the prosthesis and presents with issues of retaining 
the attachment, as well as the introduction of a fixed, 
iatrogenic plaque trapping area beneath the attach-
ment. Though not an issue in this case, these attach-
ment systems may also be contraindicated in the el-
derly or other patients with limited dexterity. Given 

the large comorbidity associated with low dexterity 
and partial edentualism, this is a significant limitation 
of these systems. As a history of high caries risk and 
significant periodontal disease virtually ubiquitous 
among partially edentulous patients, there is ample 
reason for caution in prescribing these treatment op-
tions.
2.3. Rotational Path Partial Denture Treatment Option
The rotational path of insertion removable partial 
denture (rRPD) was selected as the treatment mo-
dality for this case in the maxillary arch, as shown 
in the lab prescription reproduced in Fig. 3. Due to 
the available mandibular premolar abutment teeth, 
a traditional i-bar design was possible for the lower 
arch. Therefore, the discussion that follows will con-
centrate on the maxilla were the rRPD was used.
The rRPD was first introduced in the 1930’s by  
Hallen Back and has been investigated by several 
more contemporary authors, most notably Krol and 
Jacobson[5,4,8]. Unfortunately, the technique is vir-
tually never taught in the predoctoral dental curric-
ulum and it was reported by Jacobson in 1994 that 
nearly 20% of surveyed prosthodontist felt they had 
only a “superficial” understanding of the topic[4]. With 
the recent focus of our profession on osseointegrated 
fixed restorations, it is doubtful that this number has 
decreased in recent years. That said, especially with 
the risks associated with the increasingly popular 
bisphosphonate therapy and several other financial 
and medical issues which complicate or contraindi-
cate implants, the need for aesthetic removable op-
tions for patients is certainly real. The rRPD relevant 
to our discussion is the Category II Rotational Path of 
Insertion RPD. Because of its usefulness in aesthetic 

  Figure 4. Shows the prosthetic on the master cast, with blue arrows indicating the conventional posterior clasp (left) and the long anterior rest seats (right).
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cases and its accessibility, it is hoped that adding a 
representative case study to the literature will con-
tribute positively toward informing clinicians about 
this treatment option, and dispelling the notion that 
it is “too complicated” for the average dental practi-
tioner or lab to be viable in modern practice. 
2.3.1. Review of rRPD Case Selection and Basic  
Components
The rRPD is a fully cast framework RPD which em-
ploys a specialized guide plane called a rigid retainer 
to lock into mesial undercuts and a curvilinear path 
of insertion to retain a denture with no anterior 
clasps. The rRPD has the following basic compo-
nents: (1) anterior mesial undercuts (2) rigid retain-
ers (3) long rest seats on the claspless abutment 
teeth (4) conventional posterior clasps. Several of 
these features can be appreciated by examining Fig. 
4, which shows the prosthetic on the master cast.
Because of the non-linear path of insertion, Ken-
nedy modification spaces complicate the treatment.  
To accommodate these, the clinician must carefully 
assess rotational path during guide plane enamelo-
plasty planning. There are paralleling devices which 
can be used to accomplish this; however, it is suggest-
ed that, especially for the occasional prescriber, these 
cases which require complex guide planes on modifi-
cation space teeth be avoided. Instead, the ideal case 
for this treatment is a Kennedy Class IV or Class I or 
II with a single anterior modification space. In these 
cases, the surveying can be done with relatively lit-
tle additional knowledge or skill, and rRPD specific  
challenges with cast framework try-in are minimized. 
Of course, there are many other cases in which rRPDs 
are useful, such as so-called Category I rRPDs which 
can be used for tipped posterior molars[5]. However, 
the goal of this paper is to demonstrate what the au-
thor believes is the simplest and most powerful use 
of the technique, the anterior edentualism situation.
This case is a prototypical example of a straightfor-
ward case for which rRPD is indicated: Infrabulge 
or thermoplastic clasps are aesthetically unten-

able, and there is a single anterior edentulous space  
continuous with distant posterior tooth abutments. 
2.3.2.Surveying Concepts
To design the prosthetic, study models were analyzed 
with the occlusal plane roughly parallel to the base of 
the surveyor. The analyzing rod is placed on the eden-
tulous anterior ridge on the mesial surfaces of both 
abutment teeth, ideally canines. A significant under-
cut should be identified or created by enameloplasty 
or addition of resin-based composite, the latter being 
the case here where the undercuts were augmented 
with composite. A triangular wedge of light should 
shine through the space between the rod, tooth, and 
gingival stone. The occlusal plane and tilted survey-
ing are shown in Figs. 5 and 6, respectively. The cast 
is now tilted so that the analyzing rod contacts the 
full inciso-cervical mesial surface of the abutments. 
In other words, the “triangle” is now closed, with the 
analyzing rod placed on its hypotenuse, that is, flush 
to the mesial surface, as shown in Fig. 6. The terminus 
of the analyzing rod is now touching the gingiva at 
the “A-point,” the pivot around which the rotational 
path of insertion will rotate in the final prosthetic[4]. 
The posterior teeth can now be surveyed for facial 
undercuts on the posterior abutment teeth which 
will utilize standard cast circumferential or CC-clasps. 
The author recommends a lingual arm for counter re-
tention of the posterior clasp to reduce the complex-
ity of the metal framework and better accommodate 
adjustment, if needed.
2.3.3. Biomechanics
The prosthetic works based on a simple principle 
common to all RPDs: that vertical displacing forces 
perpendicular to the surveyed occlusal plane must be 
resisted to keep the prosthetic engaged and prevent 
dislodgment during function. In the posterior, this 
is accomplished by a traditional CC-clasp, wherein 
the buccal contour of the clasped tooth entraps the 
clasp and secures it against a physiological vertical  
dislodging force. The anterior portion of the pros-
thetic relies on the ‘rigid retainer’ which is entrapped 

  Figure 5. Study model on surveyor, showing triangular undercut 
needed for rigid retainer.

  Figure 6. Shows the analyzing rod parallel to the mesial undercut with 
the terminus at the ‘A-point’ of rotational path.
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by the ‘triangular’ mesial undercut, thereby also re-
sisting the vertical force, as the framework is ‘wedged 
under’ the tooth. For the rRPD, only a rotationally 
directed force about the radius defined by the A-
point at the mesio-gingival terminus of the mesial 
abutment teeth can dislodge (or seat) the prosthetic. 
Visualizing how the prosthetic would ‘get stuck’ by 
the posterior buccal buldge and anterior mesial un-
dercuts will help the clinician appreciate the simple 
principle by which these prosthetics operate. 
2.4. Teeth Preparations
As discussed, the rigid retainer abutting teeth may 
require some adjustment to accommodate the pros-
thesis; however, the natural anatomy of canines often 
lends itself to this application unmodified. The rigid 
retainer teeth should be supported by long anterior 
rests which extend from the mesial surface approxi-
mately half the mesio-distal distance of the tooth. 
The remainder of the rest seats are prepared tradi-
tionally. 
2.5. Fabrication of Prosthesis
After preparation and impression, the metal frame-
work is fabricated and the patient is reappointed 
for try-in. At this appointment, the doctor should 
verify the fit of the prosthesis, and ensure the partial 
framework fits without any occlusal interference. It 
is recommended that patient education regarding 
the insertion of the prosthesis begin at this point, 
so the wax try-in and delivery appointments are of 
increasing instructional value. Wax rims should be  
fabricated and tested after confirming the metal-
only framework is satisfactory. Teeth should be set, 
either on-site, or by an off-site lab technician and 
the processing and delivery of the final rRPD should  
proceed as in any other RPD case.
2.5.1. Delivery & Patient Education
Since the rRPD should not be inserted or removed 
along a straight-line path, it is important to educate 
the patient in the importance of maintaining the 
contour of the abutment teeth by ensuring that re-
moval of the prosthesis does not grind the anterior 
abutment teeth. In other words, and especially in 
the cases of milder anterior mesial undercuts, the 
patient must always remove the prosthetic along 
the arc path of insertion to avoid wearing down the 
undercuts. Additionally, it is vital that the patient is 
informed that s/he must inform other providers (e.g. 
hygiene) that the prosthesis is an rRPD, and ideally re-
move it him/herself.  In this case, the patient was ex-
tremely pleased with the results which are shown in 

Fig. 7. She was able to achieve a very natural looking 
smile that provided her the desired form and func-
tion and increased her self-confidence. Due to the 
financial constraints, a result at this level of esthet-
ics would have been all but impossible without the 
rRPD concept. It is fair to say that without using a ro-
tational path, the treatment would have fallen short 
on its most fundamental goal to restore not only the 
biomechanical but the psychosocial function of the 
dentition. 
2.6. Additional Benefits and Considerations
• Some authors have also suggested that the clasp-
less and flush anterior design promotes better peri-
odontal health[9]. Given the association of partial 
edentualism and poor periodontal health, this is a 
noteworthy consideration.
• here are clear psychological benefits of the claspless 
appearance of the rRPD, both in how it looks and in 
that it is “different” from a traditional RPD.
• In this case, the clinician made the decision to add a 
pin to retain the distal molar which was also replaced 
by the maxillary prosthesis. It is possible to add such 
retention features to the entirety of the anterior seg-
ment. This is particularly useful in cases where the re-
sidual ridge is more posteriorly located relative to the 
mandible. This will provide additional reinforcement 
where the denture teeth are retained by very thin 
acrylic embedded in the framework only. However, 
while pins are encouraged if needed, “bead reten-
tion” is discouraged by lab technicians as it may com-
plicate the fabrication process and provides relatively 
little benefit[10].

3. Learning Summary Points
The case presented here should serve as a proto-
type for both the clinical decision tree that should be 
used to evaluate the potential rRPD case, as well as 
the steps to designing the prosthesis. The following 
learning points should help guide the clinician. 
1. A highly aesthetic, claspless RPD can be designed 
easily and quickly, yielding a removable prosthesis 
that rivals its fixed counterparts and is a sound finan-
cial proposition.
2. The ideal case is a Kennedy Class IV or similar  
situation of a single space of anterior edentulism, 
such as Class I or II with only one modification space. 
3. Smile analysis should have precluded the use of  
infrabulge clasps or fixed solutions. 
4. Standard equipment for RPD design can be used 
with little additional knowledge, namely a standard 

  Figure 7. Are pre and post treatment photographs of the patient at rest showing the highly aesthetic results. 
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surveyor with analyzing rod. The lack of familiarity 
with this technique is unfortunate and readily rem-
edied by its use in simple, but effective treatments. 
5. Canines with mesial undercuts are ideal abutment 
teeth, but enameloplasty or addition of RBC can be 
used to quickly modify deficient teeth.
6. Long anterior rests are used on the mesial abut-
ment teeth, and traditional rests, retentive elements 
and clasps are used on the posterior teeth.
7. Additional benefits may include psychological and 
periodontal advantages over traditional prostheses. 
8. Patient education is important to ensure that the 
mesial undercuts are protected and that the patient 
and any other clinicians with whom s/he interacts 
can comfortably insert or remove the appliance. 

4. Conclusion
In a world increasingly dominated by fixed implant 
restorations, the RPD is often regarded as the unaes-
thetic last resort for the patient who is not a candi-

date financially or physiologically for more popular 
restorative techniques. 
This case study shows that not only can highly aes-
thetic results be achieved using rotational path of 
insertion RPDs, but that these cases are accessible to 
the modern clinician without significant investment 
in time or any new equipment. 
It is the author’s hope that adding this case to the 
modern literature serves to encourage others to ex-
plore and utilize this technique to benefit patients for 
whom this treatment is appropriate. 
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Questions 
1. What are the unique required components of the rRPD?
qa. Long Anterior Rests;
qb. Rigid Retainers;
qc. Mesial Anterior Undercuts;
qd. All of the Above.

2. Where do the rigid retainers lock into the teeth to create retention?
qa. Anterior Rests;
qb. Mesial Undercuts;
qc. Buccal Undercuts;
qd. Conventional Posterior Clasps.

3. What case type(s) is/are appropriate for using the method described in the case report?
qa. Kennedy Class IV RPD;
qb. Kennedy Class I Mod I RPD;
qc. Kennedy Class II Mod I RPD;
qd. All of the Above.

4. How is surveying a rRPD different from a traditional RPD?
qa. There is no difference;
qb. Specialized surveyor must be purchased;
qc. The cast must be surveyed in two planes;
qd. Surveying is not necessary to fabricate an rRPD.
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ICOI Winter Implant Symposium 2019 - 
International Congress of Oral Implantologists
Date: 14-16 February 2019 
Location: Phoenix, AZ, USA
Event types: Conference, Workshop, Exhibition 
Visit event website: https://www.icoi.org/

 

IAOCI 2019 - The 8th International Academy 
of Ceramic Implantology Congress
Date: 14-17 February 2019
Location: Tampa, FL, USA
Event types: Conference, Workshop, Exhibition 
Visit event website: https://iaoci.com/iaoci-
world-congress-2019-speakers/

154th Chicago Midwinter Meeting
Date: 21-23 February 2019
Location: Chicago, IL, USA
Event types: Conference, Workshop, Exhibition 
Visit event website: www.cds.org/meetings-
events/midwinter-meeting

Dental Community 2019
Date: 22-23 February 2019
Location: Brescia, Italy
Event types: Conference, Workshop, Exhibition 
Visit event website: https://it.dental-tribune.
com/event/dental-community-2019/
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In this year’s first issue, we published "Telemedicine in 
dentistry as the gold standard of improving access to oral 
health care"[1]. 
The Editorial Office has received several readers’ requests 
to provide more information about the telemedicine 
systems used in dentistry. I have planned this presentation 
for this year’s last issue. In order to make the presentation 
more compelling, I have asked for an ad page from both 
Dr. Jerry Herman, DDS, New York City, NY 10022 for 
TeleDent by MouthWatch, and Dr. Robert Clark, DDS of 
Liverpool, NY 13090 for DrQuickLook system. Both had a 
similar response,  teledentistry systems were conceived 
and promoted only in the US. They are not interested in 
making their systems known in Europe because they do 
not know the dental market and have no distributors.
When accessing the American Dental Association website 
in the ADA Dental Product Guide for the Cameras, Intra 
and Extra Oral category, among the 17 Product Profile, 
one comes across DrQuickLook ™ Intraoral Dental Viewer 
Vendor: DrQuickLook[2].
If we visit https://drquicklook.com/[3]we notice two 
profile products:
• DrQuickLook SD Plus Intraoral Camera
• DrQuickLook PDA Tablet

DrQuickLook SD Plus Intraoral Camera
Intraoral SD and SD Plus cameras allow dentists to capture 
and save high-quality intraoral images on a standard SD 
card. The images are viewed and examined together with 
the patients on a 5-inch touchscreen. They help the patient 
to become aware of their own clinical condition and to 
better understand the dental treatment recommended. 
The cameras are easy to handle, feature an intuitive touch 
screen and switching buttons. The cameras work without 
a computer, any external software or a USB cable. SD Plus 
includes a FaceCam to capture extra-oral images. Images 
can be easily transferred to the desktop computer and 
the patient file, regardless of the patient management 
software. The necessary visual evidence for patient 
education is thus obtained. An optional patient education 
package with more than 30 videos and slideshows is 
available.

DrQuickLook PDA Tablet
PDA Tablet is a unique system that combines intraoral 
imaging and patient education, enhancing patient care 
and saving time for clinicians. Based on a Microsoft Surface 

3 tablet, it can capture high-quality intra- and extra-high 
quality images that can be saved in the included software 
and transferred to the current patient management 
solution. PDA software includes features such as quad 
viewing as well as draw on screen, making it an ideal show 
and tell device to help patients understand the diagnosis 
and say yes to the treatment plan proposed. The system 
includes the informed consent and post-op videos as well 
as more than 60 patient education videos.
DrQuickLook ™ systems are recommended to be used in the 
following specialties: Dental Public Health, Endodontics, 
General Dentistry, Oral / Maxillofacial Pathology, Oral 
/ Maxillofacial Radiology, Oral / Maxillofacial Surgery, 
Orthodontics and Dentofacial Orthopedics, Pediatric 
Dentistry, Periodontics, Prosthodontics .
We look forward to the new edition of IDS 2019 in Cologne 
to evaluate together what new teledentistry systems are 
offered to us by the producers.

References
[1]http://www.htomaeduj.com/wp-content/uploads/2018/01/
Prod_news_v5_1.pdf
[ 2 ] h t t p s : / / w w w . a d a . o r g / e n / p u b l i c a t i o n s / a d a -
d e n t a l - p r o d u c t - g u i d e / p r o d u c t - c a t e g o r y / p r o d u c t -
profile?productid=1085&catid=27
[3] https://drquicklook.com/

Florin - Eugen Constantinescu
DMD, PhD Student

Editorial Director, Product  News
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of your patients

Item DrQuickLook SD Plus Intraoral Camera DrQuickLook PDA Tablet

Warranty
1 Year One Year Full Warranty and Remote Access 

Support

Weight 23 oz. (652.04 g) 1.37 lbs (621.42 g)

Light Source LED 6 LEDs

Resolution up to 1024 x 768 pixels up to 1024 x 768 pixels

Wireless
Viewer is wireless, camera wand connect 

to Viewer via 37” cord
Wi-Fi (802.11 a/b/g/n/ac), Bluetooth 4.0

CPU Connection
Images saved to standard SD card for 

transfer to any computer
USB 2.0/3.0; Micro USB;

Mini HDMI

Capture Card Needed N/A No

Docking Station Needed N/A No

Focus Fixed Focus Fixed Focus

Visual/Viewing Angle 105° 80°

Software None needed PDA Imaging App

Undistorted Extraoral / Wide Angle Available Yes

To comparatively analyse the two systems, we have compiled a table presenting the technical specifications of each. 
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Bone Grafts and Dental Implants
Clinical Practice and New Paradigms 

Authors: Alfred Seban, Patrick Bonnaud
Publisher: Biotech Dental Group
Language: English
ISSN: 979-10-699-0887-1
Edition: 1/e
Publish Year: 2017
Pages: 431, illustrated
Price: 135.00€

Nowdays, implants and bone grafts are used more frequently in each dental clinic dental, because the jaws and alveo-
lar processes suffer resorption after tooth loss. The book entitled „Bone Grafts and Dental Implants: Clinical Practice 
and New Paradigms” by Alfred Seban and Patrick Bonnaud  presents the experience and  research  accumulated over 
the years regarding tbone regeneration . 
This textbook has six chapters. 
Chapter 1 talks about the influence of systemic diseases, technologies and contemporary practices for bone grafts 
and implants. The effectiveness of a specific treatment for dental implants in extraction sockets, bone augmentation 
following dental avulsion and bone quality assessment are presented in chapter 2. 
The following chapter speaks about bone augmentation prior to the dental implant, the advantages and disadvan-
teges  of graft materials, autologous bone grafts, corticocancelous allogenic bloc graft and operation technique (seg-
mental osteotomy). Chapter 4 presents the maxillary sinus lift, the lateral and crestal approach, postoperative man-
agement and complication of the sinus lift. Chapter 5 approaches the clinical practice guidelines for bone grafting 
procedures prior to dental implant placement and describes 25 clinical cases.  
The last chapter  presents  the preservation of biological width in implantology, while discussing one by one the con-
cept of bone preservation, conical connection and biological width, narrow implants, short implants, full arch rehabili-
tation, immediate loading and biological width and immediate implant placement. 
The authors succeed to present the most recent useful data in clinical practice as, graft materials, Bone Morphogenic 
Proteins, computer-guided implant placement, Cone Bean Computed Tomography for a complete approach of the 
practitioner. The book is  an authentic guide to inform oral surgeons in bone graft and dental implants through various 
clinical cases illustrated with exceptional photos  and radiographies associated with particular treatment protocols.

DOI: https://doi.org 10.25241/stomaeduj.2018.5(4).bookreview.1

The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions.
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