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eamwork

Jean-Frangois ROULET
DDS, PhD, Prof he, Professov
Editor-in-Chief

Dear readers,

When 1was a dental student one colleague told me: “Let’s do teamwork”. 1 asked back: “What does this mean?”
and got the answer "You work, 1 team!”. Of course 1 declined, because this was a total misinterpretation, or in
otherwords the abuse of the team idea. During my whole ttfe 1 have seen the team idea working pevfectty towards
success. In a team there is a group of htgnty motivated individuals who have dtﬁerent knowtedge and skills and
are wovking together towards a common otojective. To be successfut, communication is key.' Open mind, open
architecture or at least open cﬁtce doors hetp alotto devetop the team ﬁmction, which must be comptemented
toy trust and openness. Say what you think and do what you say is the mantra. 1will quote a few examp les below.
When 1 moved to Berlin to become chair cf anew depavtment in a new institution, we had to deﬁne the teacning
phttosoptay, to create teaching materials and robust structures to run the department, in order to futﬁtt the task
cf the three basic duties of an academic department: research, teacning and service (patient treatment). This
task was ivnpossttote for a singte individual (me). Thevefore 1 was able to create a team approach toy navtng a
group of very motivated young dentists who wanted to change tntngs towards a modern and ejfkctive dentistry
toetng taught to our students. The tasks and Vesponsttottittes were sharved as well as the credit for positive
accompttshments. After a Vetativety short two years the Dental Clinic North of the Free University cf Berlin was
known as an excellent institution.

When 1moved to the 'Lndustry to become a manager, toy deﬁnttion the whole product devetopment was pe}formed
toy teams, where the best peopte for the task were selected ﬁ'om the dtﬂerent departments and assembled into
a devetopment team. With the tatgn level cf disctptine and structure which is common for a wett—ﬁtnctton[ng
enterprise, we were successﬁ/tt year after year.

Some years ago | had the pleasure to listen to Bertrand Piccard who in March 1999 together with Brian Jones was
the ﬁrst to surround the gtotoe in a balloon. Both spent 21 days in the 5 m tong and 2 m wide carbon composite
capsute, suspended ﬁfom a gigantic hot air/helium balloon. 1t was all about team work. The two in the balloon
depended on a control centerwhich hetped them make the V[ght technical decisions aswell on two meteorotogtsts
that gave them directions fov which altitude to get the best winds. 1 remember that he told us the fottowing
story when asked how footish he could be to hire two meteorotogtsts (since no two meteovotogists have the same
optnton) he vevouted the question to the meteovotogtsts that vesponded “It is the wrong question since we are 3!”.
Baﬁted, the person who had asked the question wanted to know who the third one was then. The answer was,
“We together are the third one!”

Finatty just a few weeks ago | was tmpressed toy another great team which is very successﬁtt. Greg Sawyer, an
engtneerwno suﬁers ﬁfom amelanoma hasjoined the University cf Flovida cancer researchers.

Merging their knowtedge and his, they came up with printing scft scaﬁbtds which can harbor real tumors in

vitro. Ustng this system ttaey can observe how cells of the immune system interact with the tumor in order to
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destroy it and how the tumor reacts to this attempt. Using the team a}oproach they can test, in vitro, proposed
cancer dmgs and therapies very eﬂ[cient[y and closer to Vea[ity. This team is so successfu[ that national grant
moneywi“ ﬂow into ﬁmd their operations and theywi“ build here in Gainesville a center for soﬁ matter printing
and cancer research.

Fina“y lwant to remind you of the successﬁﬂ team that is producing the Stomatology Edu Journal. Many people
with d@ﬂerent skill sets are involved to create a semi-annual J'owna[ in print as well as on the internet. From
ﬁnances to acquiring manuscripts to running the Jpeer review process in order to create an appea['mg [ayout, a
team of experts is at work for you readers to guarantee a high qua[ity outcome! It is my task as Ed[tor—in—Chief
to thank them all!

Sincerely yours,
J-F Roulet
Editor-in-Chief

DOI: 10.25241/stomaeduj.2017.4(1).edit.1
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Promoting a fair quaii‘cy
control mechanism in
spec ialized pubiica’cions

Marian-Vladimir Constantinescu
DDS, PhD, qufessor
Ediior—in~Chief

Dear readers,

As a member of the editorial board of a young scientiﬁc jownai pertaining to the gioioai academia 1 have
noticed that the ﬁindamentai pvincipies cf research are abandoned in the specialized literature in favour cf
“publications aimed at shopping around” (Dr Mutlu Ozcan, 2009)' able to attract considerable funds and flatter
some coiieagues’ prcfessionai vanity.

There are 17,000 nigher education institutions in the academic world (accovding to Rauhvargers, 20m)?, and over
1.8 million dentists wovking around the world (as declared ioy Wovidmapper in 2004), as well as an unknown
number cf dental researchers, while there are just over 6,000 dentaijovu'nais" out of which oniy g1are rated (Weio
cf Science, 2017)5. This situation makes it diﬂicuit to puioiish an article, pVocyC to that ioeing my own personai
experience aiongside the Ttalian coiieagues with respect to an originai article that was printed about four years
after its “conception”.

To prevent similar situations ﬂom happening to Central and Eastern European researchers, in 201 3, We launched
the Stomatology Edu Journal, together with Professor Jean-Frangois Roulet (University of Florida) and Professor
Rolf Ewers (Medical University of Vienna), alongside an enthusiastic group of prestigious editors. The journal
has been seif—ﬁnancing since 2016 and is included in the porgcoiio cf the Romanian Academy puioiications.

The academia is cieariy interested in puioiishing and the competitive spirit cf researchers worldwide is ioeing
stimulated, but there are incveasingiy more ﬁ'equent situations when ethical standards and professional
deontology are violated in the “rush” for sponsorship and personal visibility.

The ‘open review” method allows Yeferees to know the author’s name, which could cause the premature rejection
cf the manuscript when the Veferees compete with the authors for the same grants, which distorts their right
judgment, causing them to make decisions inﬂuenced ioy institutional or individual Vivaivy.

In order to promote the Yeferees’ impaviiaiity we have chosen the commoniy accepted practice impiemented ioy
Venownedjournais, nameiy the “double-blind review”, which so far has proven to be the oniy way to ensure a
fair quaiity control mechanism in speciaiized puioiications. As of this year, also as a common working practice
cf Venownedjownais, out cf respect for your dear readers, besides the two Veferees unknown ioy the authors
who evaluate each article, ioefove the article you will vead reaches the ﬁnai evaluation ioy Professor]ean—FVancois
Roulet, it will be also assessed ioy an Academic Editor.

As part cf the international collaboration cf thejow'nai 1 contacted Professor Michael L. Glick, Pr(fessor and
Dean Emeritus, School cf Dental Medicine, University at Buﬁaio, State University of New York, Editor ofJADA,
the Jowrnal cyf the American Dental Association which has more than 100 years cf tradition and is puioiished
monthly in over 170,000 copies.

During the First International Congress in Bucharest, Prcfessor Michael Glick was the guest cf honour cyC the
Dean of the Facuity cf Dental Medicine, Assoc Pr(f Dr Paula Perlea; it was an opportunity | used to present to

Stoma Edu J. 2017;4(1):6-7. http://www.stomaeduj.com



him the latest issue of the jowna[.

While acting with the courtesy and prcfessionaﬁsm characteristic of a great Editor, Professor Glick made an
exacting ana[ysis of the content cf the journa[. He was appreciative cf the fact that the articles pub[ished are
accompanied ]oy an evaluation fown and the J'ouma[ is also pub[ished online, with a month[y average cf 5,000
unique visitors, topping over 94,000 readers, inc[uding more than 23,000 in the US.

Professor Glick suggested that we should maintain a constant number of online readers; that we should go ﬁfom
two to four annual issues; that we should use the structure cf BDJ,JADA,JPD and other major pub[icaﬁons, and
that each issue should be co-ordinated by two editors whose Vesponsibi[ity would be to avoid unwanted mistakes.
As there is noth'mg accidental about globalizaﬁon, we had another good ﬂiend of ours in Bucharest, namely
Professor AdiA. Gavﬁmke[, Dean Emeritus in]emsa[em and Professov Glick’s master. For years on end, while he
was in Bucharest, Professor Adi A. Geuﬁmke[ was so thoughgfu[ that he provided me with a lot cf he[pfu[ advice
during my term as director of the “Professor Dan Theodorescu” OMF Surgery Hospital. With a lot of enthusiasm
and generosity, so typica[ of him, he asked Prcfessor Michael Glick to get involved in promoting the visi]oi[ity our
J'ow'na[ and for each issue to cyﬁfev 3 items with JADA CE Credits to the US readers.

We are now waiting to see the vesult of Professor Michael Glick’s request addressed to Mr Michael Springer, JADA
Publisher, to get the 3)JADA CE Credits articles for the ﬁrst issue cf the Stomato[ogy Edu_]ownal.

May the forthcoming Easter ho[io{ay bring [ight to the Stomato[ogy Edu]owna[ readers, members and non-
members of the American Dental Association (ADA).

So help us God!

Sincere [y yours,
M-V Constantinescu

Editor-in-Chief
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A SIGNIFICANT
SCIENTIFIC EVENT

The Faculty of Dental Medicine of the “Carol Davila”
University of Medicine and Pharmacy in Bucharest
organized the First International Congress of this
institution for the last 28 years on 16-19 March 2017.
The event was held at the National Military Club
Palace in Bucharest, which is an iconic building in
the Romanian Capital City. It was built in 1912 using
the plans of Dimitrie Maimaroiu, Romanian architect,
in order to become the venue dedicated to catering
for the social, cultural and educational needs of the
Romanian Army.

The First International Congress organized by The
Faculty of Dental Medicine of the “Carol Davila"
University of Medicine and Pharmacy in Bucharest was
meant to help dentists update their theoretical and
practical knowledge, with its prestigious Romanian
and foreign guests.

The topic of the Congress was “Dental medicine:
a patient-tailored calling” and it focused on
presentations made by important representatives of
various areas of dental medicine, while highlighting
methods and techniques which can be implemented
in the dentist’s office. Various workshops were also
organized as part of the Congress, which covered
various areas of dental medicine such as oral
implantology, dental digital impressions, rubber dam
isolation, supra-dental prosthesis on dental implants,
major emergency situations in a dentist's office and

Professor Michael L Glick,
Assoc Prof Dr Paula Perlea,
Professor Anda Kfir,

Professor Aaron Palmon and
Professor Jean-Frangois Roulet

Assoc Prof Dr Paula Perlea and Professor Michael L Glick
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malpractice-related issues.

Dean Assoc Prof Dr Paula Perlea personally invited
a number of prestigious foreign dentists, who
accepted her invitation: Professor Michael L Glick,
Dean Emeritus of the School of Dental Medicine of
the New York University at Buffalo and JADA editor,
Professor Jean-Frangois Roulet from the University of
Florida and former editor of the Journal of Adhesive
Dentistry, and Oral Health & Preventive Dentistry, and
editor of the Prophylaxe Impuls, Dean Emeritus of the
Berlin School of Dental Medicine, Professor Aaron
Palmon, Dean of the School of Dental Medicine of
the Hebrew University of Jerusalem, Professor Adi A
Garfunkel, Dean Emeritus of the Hebrew University
of Jerusalem, Professor Gottfried Schmalz from the
University of Regensburg, member of the German
National Academy of Sciences - Leopoldina, Professor
Kasturi (Saman) Warnakulasuryia from King's College
London, Professor lannis latrou, head of the bucco-
maxillo-facial surgery clinic in Athens, Professor
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Anda Kfir, head of the endodontics clinic of the Tel
Aviv School of Dental Medicine, Professor Stelianos
Dalampiras from Thessaloniki, Dr Domenico Ricucci,
opinion leader in endodontics in ltaly, Professor
ltzak Abramovitz, head of the endodontics clinic at
the Hebrew University of Jerusalem as well as many
others.

Following a proposal made by Dean Assoc Prof Dr
Paula Perlea, and the unanimous vote given by the
Senate of the “Carol Davila” University of Medicine
and Pharmacy in Bucharest, on Friday, March, 17,
2017, loanel Sinescu, Rector of the University and
Member of the Romanian Academy, awarded the
title of Doctor Honoris Causa of the “Carol Davila”
University to Professor Michael L Glick and Professor
Jean-Francois Roulet for all their activity and merits
dedicated to the development of dentistry.

During the Congress an exhibition was also organized
which presented products, dental instruments and
materials meant to guide dentists with respect to the
current offer.

We can consider the Congress a real success, as it was
attended by significant national and foreign dentists, it
enjoyed a large audience, comprising dental students,
dental residents as well as dentists.

Marina Melescanu Imre

DMD, PhD

Associate Professor

Vice-Dean of the Faculty of Dental Medicine

of the “Carol Davila” University of Medicine and
Pharmacy in Bucharest
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20" Annual World Dental Summit

Date: 20 - 22 March 2017

Location: Rome, Italy

Event types: Conference, Exhibition

Visit event website: http://worlddental.conferenceseries.com/
scientific:program

Congress BREDENT GROUP DAYS - 2017
Date: 05-09 April 2017

Location: Bansko, Bulgaria

Event types: Conference, Exhibition, Hands-on

Visit event website: http://bgdbansko.strikingly.com/

24™ National Congress of the Collegio dei Docenti
Universitari di Discipline Odontostomatologiche
Date: 06 - 08 April 2017

Location: Milan, ltaly

Event types: Conference, Exhibition

Visit event website: http://www.congressicduo.it/international-
symposium.html

New Orleans Dental Conference & LDA Annual
Session

Date: 06 - 08 April 2017

Location: New Orleans, USA

Event types: Conference, Exhibition

Visit event website: http://www.nodc.org/conference

Digital Transformation in Dentistry Congress

Date: 07 - 08 April 2017

Location: Istanbul, Turkey

Event types: Conference, Exhibition

Visit event website: http:/3dcongress.com/scientific-program/

IMAGINA DENTAL

Date: 13-15April 2017

Location: Monaco, Monaco

Event types: Conference, Exhibition, Workshops

Visit event website: http://www.imaginadental.org/index.
php?page=567

24 International Conference on Dentistry & Oral
Care

Date: 17 - 19 April 2017

Location: Dubai, UAE

Event types: Conference, Exhibition

Visit event website: http://dentistry.conferenceseries.com/
scientific-program

41+ International Dental Forum & Exhibition

Date: 17 - 20 April 2017

Location: Moscow, Russia

Event types: Conference, Exhibition

Visit event website: http://www.dental-expo.com/dental-salon/
eng/

33" Annual American Academy of Cosmetic Dentistry
Scientific Session

Date: 18- 21 April 2017

Location: Las Vegas, USA

Event types: Conference, Exhibition

Visit event website: https://www.aacdconference.com/

2017 AMSMB Dental Medicine Symposium
Date: 21 -22 April 2017

Location: Bucharest, Romania

Event types: Conference, Exhibition

Visit event website: http://www.unas.ro/unas/content/
view/1938/1/

The 2™ International Quintessence Symposium on
Oral Health: The Oral-Systemic Health Connection
Date: 21 - 22 April 2017

Location: Charlotte, USA

Event types: Conference, Exhibition

Visit event website: http://www.quintpub.com/igsoh/program.pdf

International Dental Congress 2017

Date: 25 April 2017

Location: Kyiv, Ukraine

Event types: Conference, Exhibition

Visit event website: http:/medforum.in.ua/?page_
id=3438&lang=en

IAP 2017 - 16th International Congress of
Periodontology of the International Academy of
Periodontology

Date: 27 - 29 April 2017

Location: Brasov, Romania

Event types: Conference, Exhibition

Visit event website: http://www.atemedical.ro/
ShowPage/?Name=Program-EN

1+ African Regional Dental Congress

Date: 27 - 29 April 2017

Location: Marrakes, Morocco

Event types: Conference, Exhibition

Visit event website: http://www.african-dental-congress.org/
programme/

3" International Dental Implantology Conference
Date: 27 - 30 April 2017

Location: Cartagena, Colombia

Event types: Conference, Exhibition, Hands-on Courses

Visit event website: http://www.cortexdentalevents.com/4schedule

2"! International Conference and Expo on Dentistry &
Prosthodontics

Date: 04 - 05 May 2017

Location: Toronto, Canada

Event types: Conference, Exhibition

Visit event website: http://prosthodontics.conferenceseries.com/
scientific-program
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147 Annual Session of the Texas Dental Association
Date: 04 - 06 May 2017

Location: San Antonio, USA

Event types: Conference, Exhibition

Visit event website: http://www.tda.org/Events/News-Home/
ArtMID/646/ArticlelD/237/The-TDA-Meeting

8" ConsEuro / AIC 19th International Congress
Date: 11-13 May 2017

Location: Bologna, ltaly

Event types: Conference, Exhibition

Visit event website: http:/ http://accademiaitalianadiconservativa.

it/en/programma-aic-19th-international-congress-and-conseuro/

International Conference on Oral Biology and
Restorative Dentistry

Date: 18- 19 May 2017

Location: Toronto, Canada

Event types: Conference, Exhibition

Visit event website: http://oralbiology.dentalcongress.com/
scientific-program

14" International Congress of Esthetic Dentistry
Date: 18-20 May 2017

Location: Bucharest, Romania

Event types: Conference, Exhibition, Hands-on

Visit event website: http://www.sser.ro/en/congress

30 International Conference on Dental Science &
Advanced Dentistry

Date: 22 - 23 May 2017

Location: Las Vegas, USA

Event types: Conference, Exhibition

Visit event website: http://advancedentistry.dentalcongress.com/
scientific-program

RDS 2017 - Congress of Romanian Dental Society
Date: 25-27 May 2017

Location: Bucharest, Romania

Event types: Conference, Exhibition

Visit event website: http://sdr.info.ro/

EAED 2017 Spring Meeting

Date: 25-27 May 2017

Location: Milan, ltaly

Event types: Conference, Exhibition

Visit event website: http://milan.eaed.org/scientific-program/

The 25" International Symposium on Ceramics
Date: 02 - 04 June 2017

Location: San Diego, USA

Event types: Conference, Exhibition

Visit event website: http://www.quintpub.com/isc/program.pdf

Stomatology Edu Journal

EOS Congress 2017 - European Orthodontic Society -
93 Edition

Date: 05- 10 June 2017

Location: Montreux, Switzerland

Event types: Conference, Exhibition

Visit event website: http://www.e0s2017.ch/preliminary-
programme-at-a-glance.html

1COI European Congress / PS1 2017

Date: 08 - 10 June 2017

Location: Krakow, Poland

Event types: Conference, Exhibition

Visit event website: http://www.icoi.org/wp-content/
uploads/2017/03/KONGRES_EN_marzec_2017.pdf

24" World Congress on Dentistry and Oral Health
Date: 12-13 June 2017

Location: London, UK

Event types: Conference, Exhibition

Visit event website: http://dentalevent.conferenceseries.com/
registration.php

9t AIO International Congress

Date: 15-17 June 2017

Location: Chia Laguna (Cagliari), Italy

Event types: Conference, Exhibition, Hands On

Visit event website: http://congress.aio.it/programma.php

12 International Symposium on Periodontics &
Restorative Dentistry

Date: 16- 19 June 2017

Location: Boston, SUA

Event types: Conference, Exhibition

Visit event website: http://www.quintpub.com/isprd/2016_
ISPRD_Final_Program.pdf

28 Asia Pacific Congress on Dental and Oral Health
Date: 10- 12 July 2017

Location: Kuala Lumpur, Malaysia

Event types: Conference, Exhibition, Workshops

Visit event website: http://www.dentalcongress.com/asia-pacific/
registration.php

AGD 2017 - Academy of General Dentistry
Date: 13-15July 2017

Location: Las Vegas, USA

Event types: Conference, Exhibition, Workshops

Visit event website: http://www.agd2017.org/attendees/
registration.aspx

23" Global Dentists and Pediatric Dentistry Annual
Meeting

Date: 17 - 18 July 2017

Location: Munich, Germany

Event types: Conference, Exhibition

Visit event website: http://annualmeeting.conferenceseries.com/
dentists/registration.php
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JADA ONLINE CE EXAMS
http://jada.ada.org/ce/home
http://jada.ada.org/ceworksheets

March 2017

Estrich CG, Gruninger SE, Lipman RD.

Rates and predictors of exposure to Legionella pneumophila in the United
States among dental practitioners: 2002 through 2012. J Am Dent Assoc. 2017
Mar;148(3):164-171. doi: 10.1016/j.adaj.2016.11.032. Epub 2017 Jan 23.

http://jada.ada.org/article/S0002-8177(16)30962-X/fulltext
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Introduction: Nanoparticles (NPs) can carry molecules to different body tissues. Due to their
controlled delivery properties, chitosan covered poly-lacto-co-glycolic NPs (PLGAChi NPs) could be
used to deliver drugs to oral tissues for the treatment of dental diseases or in anticancer therapy. The
aim of this study was to determine the uptake and cytotoxicity of PLGAChi NPs on different types of
cells found in the oral cavity.

Methodology: Normal oral keratinocytes (NOKs), precancerous keratinocytes (POE9i) and dental
pulp cells (DPCs) were exposed for 12h and 24h to 20 g/mL and 200 g/mL PLGAChi NPs covalently
tagged with fluorescein. 3D organotypic tissues of oral mucosa were grown in vitro and exposed to
200g/mL PLGAChi NPs for 24h.

Results: Both normal and premalignant oral mucosa cells (NOKs and POEQ9i) displayed uptake
of PLGAChiINPs in a time and concentration-dependent manner, both in 2D and 3D models. A
higher and more rapid uptake of PLGAChi NPs by precancerous cell line POE9i was observed
when compared to NOKs. Interestingly, DPCs did not display internalized PLGAChi NPs, even at the
highest concentration of 200 g/mL.

Conclusion: Chitosan-coated PLGAChi NPs proved to be able to cross the cellular membrane of oral
keratinocytes, in 2D as well as in 3D cultures. The polymeric NPs used in the present study seem not
to be suitable for applications that require NPs uptake by DPCs, as no evidence of uptake in these
cells was found in this study. The finding that PLGAChi NPs showed significant internalization by
human keratinocytes indicate that they could be used for drug delivery purposes to oral mucosa.
Keywords: chitosan, PLGAChi, nanoparticles, oral keratinocytes, dental pulp.

ABSTRACT

1. Introduction

Polymeric nanoparticles (NPs) have been con-
sidered as the most efficient vehicles for drug
delivery due to their excellent pharmacokinetic
properties such as particle size, surface charge,
surface chemistry, hydrophobicity, degree of
rigidity and degradation speed.’® Specifically,
poly-lacto-co-glycolic  NPs (PLGA NPs) can
transport molecules to different tissues in the body,
facilitating intracellular uptake of various drugs.*
However, the overall negative charge of PLGA NPs
has been reported to diminish their interaction

with the negatively charged cell membrane.>¢
PLGA NPs can be surface modified to carry a
positive charge by the addition of a chitosan
shell. PLGA-chitosan NPs combine the positive
charge of chitosan and PLGA's ability to efficiently
entrap hydrophobic and hydrophilic drugs.”®
Chitosan, the deacetylated derivative of chitin, is
used as the coating polymer, because it is cationic,
biocompatible and biodegradable.?® Chitosan-
modified NPs were develloped for the transport of
active molecules through nasal, ocular, vaginal or
intestinal mucosa.®

*Corresponding author:

Prof. Dr. Maria Greabu, PhD, Professor, Department of Biochemistry, Faculty of Dentistry, , Carol Davila" University of Medicine and Pharmacy of Bucharest, Bucharest, Romania

8 Blvd. Eroii Sanitari, Sector 5, R0-050474 Bucharest, Romania
TellFax: +40.721.274.932 / +40.213.110.984, e-mail: mariagreabu@yahoo.com
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CHITOSAN MODIFIED POLY(LACTIC-CO-GLYCOLIC) ACID NANOPARTICLES INTERACTION WITH
NORMAL, PRECANCEROUS KERATINOCYTES AND DENTAL PULP CELLS

Chitosan nanocarriers could be used in future
dental applications’ such as in dentin pulp
regeneration procedures,'®" in bone regeneration
techniques,'? in endodontics''® or in periodontal
therapy.'® ' Moreover, chitosan containing NPs
were able to transport antitumour substances to
different cancer cell lines,""? including oral cancer
cells.®1?

Despite numerous scientific reports regarding
organic nanomaterials in medicine, more expe-
riments are needed in order to asses the effects
of organic NPs on the oral mucosa. It has been
shown that the interactions between NPs and
cells depends on the cell type, as well as on the
size and surface charge of NPs.2® NPs behave
completely differently depending on their surface
coverings and size, while the concentration and the
exposure time to such NPs makes them cytotoxic
or biocompatible. Moreover, the oral mucosa
is composed of a variety of cells with different
properties which may react differently to the same
NPs. The pathologic conditions can also modify
the response of human oral cells to NPs, due to
changes in cell physiological status.

The aim of our study is to determine the uptake
and effect of chitosan covered poly-lacto-co-
glycolic NPs (PLGAChi NPs) on the cells found
in the oral cavity, in normal and pathological
conditions. NPs were tested on normal human oral
keratinocytes (NOKs) and human dental pulp cells
(DPCs), harvested from healthy human donors,
as well as on POE?i cell line used as a model for
precancerous oral keratinocytes. In the attempt to
create a stronger resemblance to the natural 3D
structure of the oral mucosal tissue, the PLGAChi
NPs were also exposed to 3D organotypic (OT)
oral mucosa tissues grown in vitro. The PLGAChi
NPs tested in our study were previously fabricated
and characterized by Navarro et al.?'-22

2. Materials and methods

2.1. Cell culture

NOKs, DPCs and normal oral fibroblasts (NOFs)
were primary cells isolated from clinically healthy
adult volunteers (n=5). Samples of gingival
mucosa showing no sign of clinical inflammation at
collection time were used to generate NOKs and
NOFs. The protocol for the isolation of NOKs has
previously been described by Costea et al.?? DPCs
were isolated following a protocol adapted from
from Ishkitiev et al.?* and Lee et al.?®

POEY9i cells are dysplastic, premalignant human
immortalized oral keratinocytes. NOKs and POE?i
keratinocytes were grown in Keratinocyte Serum-
Free Growth Medium ( KSFM) (from Sigma-Aldrich,
St. Louis, MO) medium supplemented with 1 ng/
mL epithelial growth factor, 25 pg/mL bovine
pituitary extract, 20 ug/mL I-glutamine, 100 U/mL
penicillin, 100 pg/mL streptomycin and 0.25 ug/
mL amphotericin B (all supplements were aquired
from InVitrogen, Massachusetts, USA ).

DPCs and NOFs were grown in  DMEM medium
(Sigma St Louis, Missouri) containing 10 % fetal
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bovine serum, 20 pg/mL Il-glutamine, 100 U/mL
penicillin, 100 pyg/mL streptomycin, and 0.25 pg/
mL amphotericin B (all supplements were aquired
from InVitrogen, Massachusetts, USA). The pro-
tocol for growing normal human organotypics
(OTs) was previously described by Costea et al.?®
The multilayered epithelium was elaborated
using NOKs grown on top of collagen matrices
populated with NOFs.

2.2. Viability Test

NOKs and POE9i cells were cultured in 6 well
plates (150.000 cells/well) with 3.5 mL of culture
medium. Cells were allowed to set for 24h into
the incubator at 37°C and supplemented with
5% CO,. Afterwards, the media was removed
and the cells were washed with PBS. Then 3.5
mL media containing PLGAChi NPs at the tested
concentrations was added in each well: 5 ug/mL,
20 pg/mLand 200 pg/mL. The viability was counted
with trypan blue and an automatic cell counter
(Sigma-Aldrich, St. Louis, MO). The counting was
done in triplicates for every cell culture well.

2.3. Exposure of cells to PLGAChi NPs

The cells were seeded in two-well glass chambers
(Thermo Fisher Scientific; Nunc™ Lab-Tek™)
at a density of 75.000 cells/well. Every cell type
was incubated with 1.5 mL of their own culture
medium. The cells were kept for 48 h at 37°C till
they became 70 % - 80 % confluent. Afterwards,
the media were removed and washed twice with
PBS. NOKs, DPCs and POE?i cells were exposed
for 12h and 24h at the following concentrations of
fluorescein marked PLGAChi NPs: 20 pg/mL and
200 pg/mL. 1.5 mL of media containing PLGAChi
NPs at the mentioned concentrations was placed
in every chamber slide: 20 pg/mL and 200 pg/
mL. The solutions thus prepared were rotated for
30 minutes before exposure. The glass chambers
were placed in the incubator in a humidified
atmosphere at 37°C and supplemented with 5 %
CO2 for 12 h or 24 h. At the end of the exposure
time, the cells were washed three times with PBS
in order to remove unattached particles, followed
by fixation and staining. The controls were run in
duplicate in each experiment and were placed into
the incubator for one day.

The organotypic cultures were exposed to NPs
after a total period of 10 days of coculture. The
OTs were exposed to 200 pg/mL PLGAChi NP and
let into the incubator for 24h. At the end of the
exposure time, the OTs were washed three times
with PBS in order to remove unattached particles,
followed by fixation and staining.

Imaging and image analysis was performed using
an optical microscope.

The fluorescent NPs uptaken by the cells were
visualized by flourescence microscopy ( Axiolma-
ger.M2 with ApoTome.2). The cells were mounted
in Vectashield mounting medium with DAPI for
nuclear staining and were visualized at a Zeiss
up-right Axio Imager microscope with ApoTome
slider module, using the 403 or 603 oil immersion
objective lens.
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Images were captured with Axi-oVision Rel 4.8 soft-
ware controlled by AxioCam MRm camera (Carl-
Zeiss, Germany). All images were representative of
at least two independent experiments.

The quantification of NPs uptake was obtained
with the help of the Icy software, using two plugins
(HK-MEANS) : one developed by Dufour A.2¢ and
another one created by De Chaumont F.%

2.4. Statistical analysis

NPs uptake and cytotoxicity data were compared
using Student'’s t-test. A p value < 0.05 was con-
sidered statistically significant.

3. Results

3.1. PLGAChiNPs uptake by
DPC cells

The PLGAChi NPs uptake by NOKs and POE?i cells
was determined by fluorescence microscopy (Fig.
1, Fig. 2), as well as by confocal imaging (Fig. 4,
Fig. 5). The quantification of NPs uptake revealed
a significant amount of NPs inside the cells, both
in normal human oral keratinocytes NOKs, as
well as in premalignant oral keratinocytes POE9i
(Fig. 6). Interestingly, the data obtained revealed
a penetration of PLGAChi NPs in almost all the
keratinocytes exposed to the NPs at the tested

NOK, POE9 and

A. NOKs control.

C.NOKs 20 pg/mL PLGAChi NPs 24h.

concentrations and time points (Fig. 6). The uptake
of NPs inside NOKs varied from 91,83 % +/- 7,37 to
100 % for NOKs, meaning that a significantamount
of keratinocytes incorporated the PLGAChi NPs.
In NOKs the percentage of cells which showed
incorporation of PLGAChi NPs was 91,83% +/- 7,37
after 12h exposure at a concentration of 20 pg/mL
PLGAChi NPs. 92,39+/- 1,34 of the exposed NOKs
showed NPs uptake after 24h exposure to 20 pg/
mL PLGAChi NPs. PLGAChi NPs entered 98,55%
+/-1,95 of the tested NOKs after incubation for
24h with 200 pg/mL PLGAChi NPs.

The total uptake inside NOKs was observed after
one day of incubation with 200 pg/mL PLGAChi
NPs. In POE9i cell line, all tested samples showed
a 100% uptake of PLGAChi NPs at all the tested
concentrations (20 pg/mL PLGAChi NPs and 200
pg/mL PLGAChi NPs) and exposure times (12h
and 24h) (Fig. 6) .

The fluorescence microscopic images showing
DPCs presented no relevant differences between
control images and images of DPCs exposed
to PLGAChi NPs (Fig. 3). No NPs were observed
inside the cells exposed to PLGAChi NPs, even at
the highest concentration 200 pg/mL and at the
longest exposure time, 24h.

B. NOKs 20 pg/mL PLGAChi NPs12h.

D. NOKs 200 pg/mL PLGAChiNPs12h.
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3.2. PLGAChi NPs uptake in 3D organotypic cell
cultures of normal human mucosa in 3D cell
cultures

Intracellular uptake of the PLGAChi NPs was visible
in the epithelial compartment of the reconstituted
human oral mucosa grown in vitro. The images

I E. NOKs 200 pg/mL PLGAChi NPs 24h.

obtained by fluorescence microscopy revealed
that PLGAChi NPs were able to penetrate the
superficial layers of the reconstituted epithelial

mucosa after 24h exposure at a concentration of
200 pg/mL.

F. PLGAChi NPs detection ( NOKs 200 ug/mL PLGAChi
NPs 24h).

I Figure 1. Fluorescence images showing uptake of PLGAChi NPs byNOKs.

A. POE9i Control.

C. POE9i 20 pg/mL PLGAChi NPs 24h.

Stomatology Edu Journal

B. POE9i 20 pg/mL PLGAChi NPs12h.

D. POE?Qi 200 pg/mL PLGAChi NPs 12h.
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| E. POE9i 200 pg/mL PLGAChINPs 24h.

F. Detection of PLGAChi NPs internalization inside
POE9i (image of POE9i 200 pg/mL PLGAChi NPs 12h).

Figure 2. Fluorescence images showing uptake of PLGAChi NPs inside POE9i. The fluorescent green dots are the

internalized PLGAChi NPs.

|A. DPCs Control.

B. DPCs 200 pg/mL PLGAChi NPs 24h.

I Figure 3. Fluorescence microscopy images showing no signs of PLGAChi NPs uptake by DPCs cells.

Figure 4. Confocal microscopy image demonstrating
PLGAChi NPs uptake inside NOKs. The green
fluorescent PLGAChi NPs are observed inside cells.

3.3. Cytotoxicity evaluation of PLGAChi NPs in
NOKSs and POEQi cells

After 24h exposure to PLGAChi NPs, NOKs
demonstrated no significant difference in the
viability values at all tested concentrations: 5ug/
mL, 20 pg/mL and 200 pg/mL PLGAChi NPs. A

Figure 5. Confoccal Images of POE9i exposed to
200 pg / mL PLGAChi NPs for 12H. The fluorescent
PLGAChi NPs green NPs are observed inside the cells.

slight decrease in viability was observed inthe
POE9i cell line exposed to 20 pg/mL PLGACHi
NPs. However, the POE®i samples exposed to 20
pg/mL PLGAChi NPs showed 81% percentage of
viable cells, as compared to 88 % live cells, in the
control sample.

Stoma Edu J. 2017;4(1):14-24. http://www.stomaeduj.com
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100 -

95 -

90 -

85 -

80 -

20 pg/mL;12h

M Percentage of NOKs which have
internalized PLGAChi NPs

M Percentage of POE9 cells which have
internalized PLGAChi NPs

20ug/mL;24h 200 pg/mL;12h 200 pg/mL;24h

Figure 6. Percentage of cells which have internalized PLGAChi NPs from the total amount of exposed cells. NOKs

and POEYi cells ( average values ).

In the NOKs and POEQ9i cell there was no statistical

difference between the control and treated cells
(Fig. 8).

4. Discussion

Polymeric NPs are still viewed as the first option for
drug delivery and also widely used in the research
of other diseases."® Recently, a wide variety of
studies has been undertaken leading the way for
possible future applications of PLGA NPs in a high

120.00 4

100.00 ~

80.00
60.00
40.00 -
20.00
0.00 - T T

Figure 7. Penetration of PLGAChi NPs in the 3D
organotypic models of human mucosa. The green
fluorescent dots represent the PLGAChi NPs which
were able to enter the reconstituted OT of normal
human mucosa. The sample was exposed to 200ug/mL
PLGAChi NPs for 24h.

number of dental fields, from periodontology and
endodontics to tissue regeneration of skin, bone
or cartilage.?® Biocompatibility, biodegradability,
flexibility, and minimal side effects are the main
advantages when using PLGA for biomedical
applications.* However, the overall negative
charge of these NPs has been reported to diminish
their interaction with the negatively charged
cell membrane, while the rapid opsonization
of hydrophobic PLGA NPs is a major limitation

M Viability of NOKs
W Viability of POES

CONTROL  PLGAChI 5 ug/ml

PLGAChi 20
ug/ml

PLGAChi 200
ug/ml

| Figure 8. Viability of NOKs and POE9i after exposure to PLGAChi NPs.
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that hinders their employment for biomedical
applications.>*

In order to improve PLGA NP proprieties, several
research groups have tried to cover the polymers
with a chitosan coating. Chitosan is obtained from
chitin which is a positively charged polysaccahride
found in crustaceans.?® Chitosan contains many
amino and hydroxyl groups, thus it can bind
effectively to negatively charged substances
(such as the cells membranes) via electrostatic
interactions or hydrogen bonding, thus improving
the intracellular uptake.? Chitosan by itself is
known to strongly adhere to negatively charged
surfaces due to its high charge density at pH<
6.5.? The advantages of modifying the surface of
PLGA NPs with a mucoadhesive polymer, such as
chitosan, may potentially include the inversion
of zeta potential, the ability to promote cellular
adhesion and retention of the delivery system at
the target site.*

In order to fabricate polymeric NPs for future dental
applications, we have tested the positive charged
chitosan coated PLGA NPs (PLGAChi NPs) on oral
cavity cells. NPs interaction with the oral epithelial
cells was assessed by cytotoxicity measurements.
After 24h of incubation with PLGAChi NPs (20 pg/
mL NPs and 200 pg/mL NPs) no significant statistic
differences were observed in the viability of
samples and controls (Fig. 8). PLGA Chi NPs were
biocompatible to all the tested cell lines: NOKs and
POEYi cells. We found no association between the
significant increase in the cell uptake of chitosan
containing NPs and cell toxicity, at the tested
concentrations. Due to PLGA and chitosan’s well
known biodegradability and biocompatibility, it
was expected that NPs made of chitosan and PLGA
would be well tolerated by the cells. Our results
are in agreement with other comparable studies.
Following a 2015 experiment, S. Algahtani stated
that chitosan covered PLGANPs did not affect the
viability of Caco-2 cells.’" Caco-2 cells displayed
a viability above 95%, even after incubation for
one day with a higher concentration of NPs than
it was used in our study: 500 pg/mL PLGAChi
NPs.3' Moreover, chitosan covered NPs did not
contribute additional toxicity to colorectal cancer
cells after 3 days of exposure ata 75 pM solution
of NPs.22 The viability of the cells incubated with
chitosan NPs remained at about 90 % relative to
the untreated cells on day 1 and at about 89 % on
day 3.3 Another recent study also found that the
surface modification of PLGA NPs with chitosan did
not show any significant diffference in cytotoxicity
of PLGA NPs.® The results indicated that A549
cell lung carcinoma cells exhibited around 80
% cell survival as compared to positive controls
(10 % cytotoxic) for the following concentrations
of PLGAChi NPs: 0.25, 0.5, 0.75, 1,1.25, 1.5, 1.75
and 2 mg/mL.¢ Other investigators have reported
PLGAChi NPs to be safe even at much higher
concentrations of 20 mg/mL.333% In addition, other
research groups revealed interesting cytotoxicity
results of chitosan NPs effect on human skin

keratinocytes HaCaT cells. Tretinoin containing
chitosan solid lipid NPs were not cytotoxic to
HaCaT cells even at the highest concentration 500
pg/mL used, which led to around 5 % less viability
compared with the control.3¢ Also lecithin/chitosan
NPs can be applied to skin cells at concentrations
up to 200pg/mL without inducing plasma
membrane damage or cell viability decrease.?
Similarly, in a recent study, HaCaT cells exposed
to melatonin containing lecithin/chitosan NPs in a
concentration of chitosan of 1.25-20 pg/mL for 2
hours showed no relevant cytotoxicity.*® However,
a significant reduction in the cell viability of HaCaT
cells was observed in the case of cells treated with
NPs at a chitosan concentration of 20 pg/mL.3®
Chitosan-alginate NPs did not have a toxic effect
on human monocytes but there was mild toxicity
to skin keratinocytes at higher concentration of
NPs.?? Moreover, chitosan and PLGA NPs loaded
with chlorexidine dihydrochloride in vitro toxicity
evaluation on human gingival fibroblasts was
between 20 % and 60 % in all experimental
conditions.? Poly-y-glutamic acid/glycol chitosan
NPs incorporating p-phenylenediamine (PDA)
showed lower cytotoxicity against HaCaT
human skin keratinocyte cells than PDA alone.*
Interestingly, PDA-incorporated NPs showed
reduced apoptosis and necrosis reaction in HaCaT
cells.?**

A possible explanation for the chitosan NPs high
biocompatibilty could be that chitosan is much
more cytotoxic in a free soluble form than when
it is incorporated into NPs, due to the fact that
in the case of NPs, a significant portion of the
positive amino groups of chitosan are engaged in
electrostatic interractions.3:40

To confirm PLGAChi NPs efficiency in intracellular
penetration, the cellular internalization of PLGAChi
NPs conjugated with fluorescein was investigated
by fluorescence microscopy. The results indicated
significant differences in NPs uptake between the
different cell lines used in this study.

Fluorescence microscopy experiments conducted
after 12h and 24h of incubation revealed a rate
of inglobation influenced by the cell type. DPCs
did not internalize PLGAChi NPs, even at the
highest concentration (200 pg/mL PLGAChi NPs)
and the longest incubation time (24h) (Fig. 3).
But the microscopic results showed supporting
evidence of incorporation of the tested NPs in oral
keratinocytes, both in normal and in pathologic
precancerous conditions (Fig. 1, Fig. 2, Fig. 4, Fig.
5).

The data obtained revealed a significant uptake
of PLGAChi NPs into oral keratinocyte cells after
12h exposure with 20 pg/mL NPs: 91,83 % in
NOKs and 100 % in POE9i cells (Fig. 6). The
percentage of NOKs which have internalized the
chitosan covered PLGA NPs increased gradually
with the incubation time and concentration of the
solution of polymeric NPs. The highest uptake
of PLGAChi NPs inside both keratinocyte types
was observed after 24h exposure to 200 pg/mL
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PLGAChi NPs, when all cells were penetrated by
the NPs (Fig. 6). What is mostly important is the fact
that the PLGAChi NPs entered in a higher amount
in the precancerous cells than in the normal oral
keratinocytes. Chitosan covered NPs demonstrated
a 100 % uptake at all tested concentrations and
time pointsin POEYi precancerous cells. Moreover,
the PLGAChi NPs were able to get internalized into
the epithelial cells in reasonable amounts and in
a time and concentration dependant manner. The
percentage of keratinocyte cells with internalized
NPsincreased over incubation time, demonstrating
a growing and highly efficient process of
internalization of PLGAChi NPs by human NOKs
and POEQ9i keratinocytes. The results obtained in
3D studies confirm the fact that PLGAChi NPs can
enter the oral keratinocytes (Fig. 7).

Interestingly, what was observed was a higher and
more rapid uptakeof PLGAChi NPs in precancerous
keratinocytes compared to NOKs (Fig. 6). Based
on these data, we hypothesise a preference of
chitosan covered NPs for uptake byprecancerous
keratinocytes over normal keratinocytes. This
has been also hypothesised previously by* who
showed that epithelial cell cultures forming tight
junctionsdid notinternalize NPs, whilethoselacking
tightjunctions, i.e., the cancer cells, did internalize.
Although the NPs used in that study differ from
our study, this could provide a possible molecular
explanation. Interestingly, previous research
articles have also found a preference of chitosan
covered NPs for uptake by cancer stem cells. A
doxorubicin-encapsulated polymeric nanoparticle
surface-decorated with chitosan was able to target
and eliminate tumor reinitiating cancer stem-
like cells.*? Moreover, hyaluronic acid-decorated
dual responsive nanoparticles of Pluronic F127,
PLGA, and chitosan were developed recently for
targeted co-delivery of doxorubicin and irinotecan
to eliminate cancer stem-like cells.*® Also, chitosan-
coated hyaluronic acid, docetaxel containing NPs
were more effective against CD44+ cells than free
docetaxel.** We have not investigated this aspect
in our study, but this could be further investigated.
The findings of this study provide evidence for
the penetration of PLGAChi NPs not only in single
cells, but also in oral mucosal cells assembled in
3D tissus, as shown by the results on the human 3D
organotypic reconstructed human mucosa models
grown in vitro (Fig. 7). Altough the 3D organotypic
models replicate only to a certain extend the
structure of the human tissue, in this case the
human oral mucosa, they better resemble the oral
microenvironment of the oral keratinocytes than
the 2D models.

To our knowledge this is the first study that
assesed the penetration of PLGAChi NPs in the
reconstructed oral human mucosa. The NPs
crossed the superficial epithelial layers, reaching
the underlying conective tissue (Fig. 7).

Our results were in agreement with previous
studies which showed a high uptake of polymeric
NPs when fortified with chitosan, and that the
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uptake of chitosan coated NPs was much higher
that that of uncoated NPs.%3031.454¢ |n 3 study from
2015, S.Algahtani showed a significantly higher 3.5
fold cellular uptake of chitosan coated PLGAChi
NPs compared to PLGA NPs in Caco-2 cells.?

In another study, positively charged chitosan
covered PLGA NPs exhibited enhanced
mucoadhesion, compared to negatively charged
PLGA NPs and enhanced intracellular uptake
in A549 cell line human lung carcinoma cells.®
PLGAChi NPs managed to get internalized into
Caco-2 cells with reasonable amounts after just
1h.3" Another research group stated that PLGAChi
NPs are internalized by hepatocytes 3A and
fibroblasts 3T6 in a few minutes.®

Also, Chronopoulos reported that the uptake of
PLGAChi NPs appears faster than with PLGA NPs,
with major amounts of cytoplasmatic NPs found
after only 5 minutes.®

Interestingly, uptake saturation is reached after
2-3h of incubation with PLGAChi NPs in human
3A hepatocytes and 3Té6 fibroblasts although the
uptake of PLGA NPs still appears less extensive
than for PLAChi NPs.%

The performance of a delivery system depends
on the polymeric composition, the size and
surface charge.’®% Therefore, smaller sizes of
NPs and a positive zeta potential lead to a better
internalisation inside cells due to the attractive
interaction with the negatively charged cell
membranes.*4?

Hence, the size and zeta potential of the cureent
NPs fabricated in our study are in favour of particle
internalisation. Our data demonstrated that
PLGAChi NPs exhibited a significant internalisation
into the human oral keratinocytes .

However, the experiment presents a series of
limitations. As other studies showed the rapid
internalisation of chitosan covered NPs in minutes
or hours*% the exposure time used in our
study (12h and 24h) might have been too long.
Further investigations using a wider variety of
concentrations and time points are needed in
orderto asses the differences in uptake of PLGAChi
NPs between normal and patologic conditions.
The use of organotypic models of reconstructed
human mucosa in vitro resemble much more the
natural conditions in vivo than the usual tests
on monolayer cell cultures. But the organotypic
models cannot substitute the in vivo experiments
as they are composed only of a collagen biomatrix
and epithelial cells, without other components of
the natural mucosa, such as the imune cells and
vascular components.?*3° Moreover, saliva might
interfere with NPs penetration in the oral mucosa
and hinder the uptake inside the oral epithelium®
As the reconstructed oral mucosa samples did not
have a protective mucus layer, it is hard to predict
the influence of saliva on the NPs penetration
inside human mucosa in vivo. Future in vivo
experiments should clarify and add significant
data to the potential uses of PLGAChi NPs in oral
medicine.
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5. Conclusions

This study offers new insight on NPs uptake within
human oral cells. PLGAChi NPs are not suitable in
applications regarding DPCs, as they do not enter
these cells. But, PLGAChi NPs are internalised
by both human keratinocytes and fibroblasts.
Chitosan-coated PLGA NPs have proved to be
potent in crossing the cellular membrane of
epithelial cells. Therefore, PLGAChi NPs are highly
recommended for being used in drug delivery
systems to the oral mucosa. This promising results
suggest the need for further studies regarding
PLGAChi NPs, and its uses in oral mucosa diseases
or anticancer therapy. In conclusion, more
research is needed to fully explore the underlying
mechanisms of celllular uptake of PLGA with
chitosan surface modification.
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Chitosan modified poly(lactic-co-glycolic) acid nanoparticles (PLGAChi NPs) could be used to
deliver drugs:

O a. tothe dental pulp cells;

O b. tothe oral mucosa;

O c tothe dental pulp cells and oral mucosa;
O d. none of the above.

The PLGAChi NPs (used in this study) can enter :

O a. normal oral keratinocytes (NOKs);

Q b. precancerous oral keratinocytes (POE9i);

QO c dental pulp cells (DPC);

O d. normal oral keratinocytes (NOKs) and precancerous oral keratinoctes (POE9i).

The multilayered epihelia of oral mucosa was grown in vitro using:

O a. collagen matrix;

O b. collagen matrix; normal oral fibroblasts (NOFs);

O c collagen matrix; normal oral fibroblasts (NOFs); normal oral keratinocytes (NOKs);

O d. collagen and matrigel matrix; normal oral fibroblasts (NOFs); normal oral keratinocytes (NOKs).

In the cell lines that have internalized PLGAChi NPs, the maximum uptake of NPs was observed
after exposure to:

O a. 200 g/mLPLGAChi NPs for 24 h;
Q b. 200 g/mLPLGAChi NPsfor 12 h;
O c 20 g/mLPLGAChi NPsfor 12 h;
O d. 20 g/mLPLGAChI NPs for 24 h.

Stoma Edu J. 2017;4(1):14-24. http://www.stomaeduj.com



CONTEMPORARY DENTAL CARIES MANAGEMENT CONCEPTS IN PAEDIATRIC
DENTISTRY: A SURVEY OF AWARENESS AND PRACTICE OF A GROUP OF GULF
COOPERATION COUNCIL DENTISTS

lyad Hussein'*", Manal AlHalabi™, Mawlood Kowash', Amar H Khamis?!

"Paediatric Dentistry Department, Hamdan Bin Mohammed College of Dental Medicine, Mohamed Bin Rashid University of Medicine and Health
Sciences, Dubai, UAE

ZBiostatistics & Genetic Epidemiology Department, Hamdan Bin Mohammed College of Dental Medicine, Mohamed Bin Rashid University of
Medicine and Health Sciences, Dubai, UAE

2DDS (Dam), MDentSci (Leeds), GDC Stat.Exam (London), MFDSRCPS (Glasg), UK Certified Specialist in Paediatric Dentistry, Clinical Assistant Professor
in Paediatric Dentistry

®BDS, MSc, Associate Professor and Programme Director of Master of Science in Paediatric Dentistry Programme

BDS, MSc, DDSc, FRCD©, FDSRCPS(Glasg), Associate Professor in Paediatric Dentistry

9PhD, DEA, MSc, BSc, Associate Professor Biostatistics & Genetic Epidemiology Received: January 04,2017

Revised: February 28, 2017
Accepted: March 07,2017
Published: March 08, 2017

Academic Editor: Rodica Luca, DDS, PhD, Professor, “Carol Davila” University of Medicine and Pharmacy Bucharest, Bucharest, Romania

Cite this article:
Hussein |, AlHalabi M, Kowash M, Khamis AH. Contemporary dental caries management concepts in paediatric dentistry: A survey of awareness and
practice of a group of Gulf Cooperation Council Dentists. Stoma Edu J. 2017;4(1):25-36.

DOI: 10.25241/stomaeduj.2017.4(1).art.2

Introduction: Debatable clinically relevant child dental caries management concepts exist; restoring
a carious primary molar (RCM), the choice of pulpotomy medicament (PM), the “Hall Technique”
(HT), and sealing of dental caries (SDC). Our aim was to assess the knowledge and practice of
dentists treating children in the Gulf Cooperation Council (GCC) region of the aforementioned
contemporary concepts.

Methodology: Paediatric Dentists (PDs) and General Dental Practitioners (GDPs) who treated children
completed a questionnaire (N=150) covering: RCM choices; choice of PM; knowledge and practice
of HT and acceptance of SDC in primary and permanent teeth. Statistical analysis was conducted
using Chi-Square test (p<0.05).

Results: For RCM: 76% of those surveyed would remove non-pulpal caries in an asymptomatic lower
D and restore with composite (33%), glass ionomer or conventional stainless steel crown (SSC)
(17.4%), amalgam (7.4%) and zirconia (0.7%). The remaining 24% would seal caries (HT SSC). For
PM: 40.7% chose Ferric Sulphate, followed by Formocresol (36.7%), Mineral Trioxide Aggregate
(14%) and Calcium hydroxide (8.7%); For HT: 60.6% had knowledge of HT but 81.5% never used it.
For SDC: sealing caries in primary & permanent teeth was rejected by 56.6% & 53.1% respectively.
GDPs and PDs choices differed significantly with RCM, HT (knowledge and practice) (p=0.007, 0.003
and 0.003 respectively).

Conclusion: Overall the surveyed dentists practicing in the GCC disagreed on RCM, PM with
reluctance to accept new concepts like the HT and SDC. PDs choices of RCM differed from GDPs,
and their awareness of HT and practice of HT were more favourable.

Keywords: Hall technique, pulpotomy medicaments, dental caries, sealing caries.

ABSTRACT

1. Introduction

The discipline of paediatric dentistry is an
extensive field in a constant state of development
and change. Several aspects of its clinical practice,
related to the management of the caries, have
shown new insights and practices challenging
old concepts. With the drive to base both dental
education and dental practice on sound platforms
of evidence based dentistry and contemporary
clinical guidelines, a plethora of new methods/
concepts have emerged. This created a scientific

debate, albeit a healthy one, that divided the
paediatric dentistry community and created
opposing schools of thought. Interestingly, the
debate had an impact on undergraduate dental
education and postgraduate dental practice.’
In paediatric dentistry, how to restore a carious
primary molar (RCM),?3“the choice of appropriate
"pulpotomy medication” (PM)in primary teeth,®the
“Hall technique” (HT),® and “sealing dental caries”
(SDC) in primary and permanent teeth’ were four
areas where change and debate took place. These
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clinical issues have had direct impact upon clinical
treatment of child patients and are of interest,
not only to specialists in paediatric dentistry,
but general dental practitioners alike. While the
debate has been, and still is, ongoing in the dental
literature,®? the opinions of those treating children
in the dental community in the Gulf Cooperation
Council countries (GCC) had not been assessed.
What were the opinions of dentists about these
changing new concepts? As the United Arab
Emirates (UAE) and the State of Kuwait (SoK) are
representative nations in the GCC (along with
Saudi Arabia, Oman, Qatar and Bahrain) which
have dental practitioners from many different
backgrounds, the aim of this paper was to survey-
by means of a questionnaire- the dental awareness
and practice of dentists in GCC countries of the
above concepts. It was hypothesised that GCC
dentists; a) agreed on treatment options for RCM
when faced with a non-pulpally involved carious
primary molar in a cooperative child, b) agreed
on the PM used in a primary molar pulpotomy, c)
were aware of the HT, d) had practiced the HT and
e) agreed to the concept of SDC in primary and
permanent teeth.

2. Materials and methods

2.1. Design

The study was designed as a cross-sectional
survey. Data was collected by the authors and
postgraduates (the surveyors) from Hamdan Bin
Mohamed College of Dental Medicine (HBMCDM)
in Dubai, UAE. The participants were dental
professionals (General Dental Practitioners/
Interns [GDPs], and Paediatric Dentists [PDs])
attending paediatric dentistry postgraduate
conferences held at various institutions in the
UAE and SoK namely HBMCDM in Dubai (UAE)
and Ras AlKhaima Dental College, Ras AlKhaima
(UAE) and the Kuwait Health Ministry, Kuwait city,
(SoK). The aim was to investigate their awareness
and practice of RCM, HT, choice of PM and SDC
concepts outlined above. The reason behind the
choice of events was to capture the views of a
cross section of dentists dealing with children from
various areas in the GCC.

2.2. Sample selection

The sample was a convenience sample selected
during the aforementioned dental activities during
2015. At registration time randomised participants
were invited by the surveyors from HBMCDM, to
participate in the survey by filling a questionnaire.
In both countries a total of 315 attendees were
invited to participate. Participants were allowed
to complete the questionnaire once only, thus
avoiding duplicate entries.

2.3. Ethical matters

All participants were informed of the objectives
and confidential nature of the survey and that there
would be no negative consequences for declining
to participate even if they agreed initially. Hence,
they freely consented to participate in the survey.
Ethical approval of the work was obtained from

the Ethics Committee of HBMCDM (approval ERC/
DCDM 11/14) and approval of the event organisers
of the activities in both SoK and UAE.

2.4. Questionnaire

A size A4 sheet questionnaire was designed by the
authors and was administered to all participants
involved in the study. The questionnaire, was
piloted and tested amongst the paediatric
dentistry staff and postgraduates of HBMCDM (10
members) (Fig. 1 and Table 1) and was found to be
reliable and consistent (Cronbach'’s alpha= 0.66).
They were not included in the final sample. The
questionnaire included:

- A section capturing demographic data (age,
gender, specialty, country of practice, years in
practice and country of qualification);

- Six questions items covered the previously
highlighted topics RCM, HT, PM and SDC (Fig. 1
and Table 1).

2.5. Data analysis

The survey sheets were completed anonymously.
The returned questionnaires were collected by the
surveyors and incomplete questionnaires were
excluded from the study. The data collected was
uploaded into a Microsoft Office 2010 Excel©
sheet and data analysis was carried out using
SPSS© statistical software Statistical Package of
Social Science (SPSS Inc.; Chicago, lllinois) version
21 was used for data management and analysis.
Descriptive  statistics including  frequencies,
means, median, and standard deviation were
performed to give general descriptions of the
data. Chi-square test was performed to test the
dependency between variables. The level of
statistical significance was set at 5%.

3. Results

Out of a total of 315 attendees invited to take part
in the survey, 202 verbally expressed willingness
to participate and were issued the questionnaire
sheets. However only 159 actually participated,
completed and returned the questionnaires to the
surveyors. Nine surveys with incomplete fields were
excluded; therefore, the total number of those
surveyed was 150 dentists (a return rate of 74.2%).
The demographic breakdown of those surveyed,
was as follows: Out of the total number of those
surveyed (N=150), the majority of them were GDPs
(n=119, 79.3%) while 20.7% (n=31) were PDs. The
majority were female dentists (70.7%, n=106) and
the rest were males (n= 44, 29.3%).

The mean age was 30.5 (+6.5) years and the range
was 23-60.

The dominant age group was between 20-30 years
(n= 96, 64%). The countries of practice were UAE
(n=79, 52.7%) followed by Kuwait (n=35, 23.4%),
the remaining dentists were working out with these
two countries but within the GCC [29 from Saudi
Arabia (19.3%), 3 from Bahrain (2%), and 2 (1.3%)
from each of Qatar and Oman]. The median of
years of practice was 4 years and the range was1-
30 years. Countries of qualification were various
but were regrouped into Arab countries (50.6%,
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Figure 1. The Questionnaire: original format.

Figure 2. The management choices for treatment of tooth DO caries 74 set (see radiograph inset). SSC: Stainless

Steel Crown; GIC: Glass lonomer Cement.

n=76), East Asia (15.3%, n=23), Western Europe
(11.3%, n=17), Eastern Europe (20.6%, n=31) and
the United States of America (USA) (2%, n=3). The
results of the survey showed the following (Fig. 1
and Table 1).

3.1. Results for the first question (RCM), which
asked about management options for caries in
tooth #74 (class Il < caries shown in a radiograph) in
a cooperative six year old child (Fig. 2), the majority
chose caries removal and restoration (n=114, 76%)
compared to the HT (n=36, 24%, Fig 2). Within the
group that chose to remove caries and restore,
the choices were; composite (n=50, 33.3%),

Stomatology Edu Journal

Glass lonomer Cement (GIC) (n=26, 17.4%),
conventional SSC (n=26, 17.4%), amalgam (n=11,
7.4%) and finally zirconia crowns (n=1, 0.7%).

While GDPs and PDs followed the same pattern
(i.e., favour caries removal and restore rather than
seal), crosstabulatingthe RCM choicesinthe above
scenario and the specialty revealed statistically
significant differences between their individual
restorative choices (p=0.007) (Fig. 3). Most PDs
(n=20, 64.5%) chose SSCs (either conventional
SSC or HT SSC) compared to GDPs (n=42, 35.3%).
GDPs first choice was to use composite (n=42, 35.3
%), while PDs first choice was conventional SSCs
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Figure 3. First choice of management of 74 (see radiograph inset) according to specialty.* denotes statistical
significance (p >0.05). SSC: Stainless Steel Crown; GIC: Glass lonomer Cement.

(n=12, 38.7%). Significantly so, 21.8% of GDPs
(n=26)would choose GIC while all none of the PDs
(n=0) chose GIC. In addition, a small proportion
of GDPs (n=11, 7.4%) and PDs (n=2, 6.5%) chose
amalgam, whilst none of the GDPs (n=0) and 0.7%
of PDs (n=1) suggested zirconia crowns as a final
restoration.

3.2. Results for the second question (PM), the
medicament of choice in a pulpotomy (Fig 4);
overall, those surveyed chose the following:
Ferric Sulphate (FS) (n=61, 40.7%), followed by
Formocresol (FC) (n=55, 36.7%), Mineral Trioxide
Aggregate (MTA) (n=21, 14%) then Calcium
Hydroxide (CH) (n=13, 8.7%). Cross tabulating
the PM choice and specialty (Fig 5) revealed no
statistically significant difference between PM
choices of PDs and GDPs (p=0.281). The majority
of GDPs chose FS (n=48, 40.3%), followed by FC
(n=42, 35.3%), MTA (n=16, 13.4%) and finally CH
(n=13, 10.9%). While 41.9% of PDs (n=13) chose
FS and an equal proportion chose FC too, followed
by MTA (n=5, 16.1%). No PD chose CH as a PM
medicament (n=0, 0%).

3.3. Results for the third and fourth questions (HT),
t awareness and practice of the Hall Technique.
The majority of those surveyed (n=91, 60.6%)
had heard about the HT while those who had not
heard about it were 39.4% (n=59). However an
overall majority (n=122, 81.4%) had not used the
HT clinically, compared to 18.6% (n=28) who had
(Fig. 6).

Cross tabulating awareness and practice of
the HT with specialty revealed different results
between GDPs and PDs (Fig. 7), which were

statistically significant for both categories (both
p values=0.003). In both the GDP and PD groups,
the majority had heard about the HT (54.6% and
83.8% respectively) and the majority had not
practiced the HT (86.5% and 61% respectively).
The proportion of PDs whom had heard about
the HT (n=26, 83.8%) was statistically significantly
higher (p=0.003) than GDPs whom had heard of
the HT (n=65, 54.6% of GDPs). There was a larger
proportion of GDPs (n=103, 86.5%) who had not
used the HT compared to PDs (n=19, 61.2%).
Moreover, the proportion of PDs whom had
practiced the HT (n=12, 38.8%) was statistically
significantly higher (p=0.003) than GDPs whom
had practiced the HT (n=16, 13.5%).

3.4.Results for questions 5 and 6 related to sealing
dental caries (SDC)in primary and permanentteeth.
The majority of those surveyed did not believe
that sealing in caries in primary and permanent
teeth was a viable option (Fig. 8). When asked if
sealing in, rather than removing, caries in primary
teeth was a viable option the majority disagreed
(n=85, 56.6%) while 43.7% agreed (n=65).
Moreover, when asked if sealing in a carious non-
cavitated enamel lesion in permanent teeth was
a viable option, the majority of those surveyed
disagreed (n=80, 53.3%) as opposed to those
who agreed (n=70, 46.6%). When cross tabulating
the specialty and the concept of SDC in primary
and permanent teeth, no statistically significant
differences (p=0.517, p= 0.182 for both dentitions
respectively) between GDPs and PDs were found
(Fig. 9). GDPs opinions regarding SDC in primary
teeth were divided; against (n=71, 59.6%) and
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for (n=48, 40.4%) and SDC in permanent teeth;
against (n=66, 55.5%) and for (n=53, 44.5%). PDs
opinions regarding SDC in primary teeth were
also divided; against (n=14, 45.2%) and for (n=17,
54.8%) and SDC in permanent teeth; against
(n=14, 45.2%) and for (n=17, 54.8%). Therefore,
there was, a tendency for both GDPs and PDs to
have opposite views regarding SDC. PDs tended
to accept SDC in primary teeth and permanent
teeth compared to GDPs, although this was not
statistically significant.

4. Discussion

Management of dental caries, a disease of high
prevalence in the GCC region,'” represents a
challenge for those who dentally care for children,
whethertheyare GDPs or PDs.* As dentists, we know
that there appears to be more than one solution
for a said clinical problem as such, a spectrum of
solutions exist.> As examples for the latter, the HT,°
in addition to sealing caries in permanent teeth
as an ultraconservative modality" challenged
the surgical caries management model. Also,
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when a primary tooth pulpotomy is conducted,
the dilemma of the choice of the appropriate
medicament arises, the best of which has yet to be
agreed upon.® These contemporary debates and
concepts were the drive behind conducting this
survey in the GCC region.

4.1. Discussion of managing a carious primary
molar (RCM)

When dealing with a primary tooth the conventional
surgical “fill after drill" philosophy had been
accepted as the norm for decades' although
this had been challenged and investigated®. The
surgical approach means giving local analgesia
(LA) to the child by injection to anaesthetise the
tooth, drilling the carious tissue out using a high
and slow speed drill, and restoring the primary
tooth with various restorative materials such as
amalgam, GIC, compomers, composite, SSCs,"

and other newer materials like Zirconia crowns." In
our study a majority (n=114, 76%) would follow the
classical surgical doctrine and restore with various
materials, while a minority (n=36, 24%) would
seal-in the caries. Although longevity studies have
shown that composites™ and SSCs,'? last longer
in posterior primary teeth' compared to GIC"
no agreement between dentists exists. Our study
confirmed this disagreement over which material
was considered the most appropriate for a given
clinical situation; in this case an asymptomatic
class Il “do” carious 74 with radiographic caries
away from the pulp in a cooperative 6 year old
(see x-ray inset in Figures 1, 2 and 3). It was clear
that the majority of those surveyed favoured the
conventional “drill and fill" modality compared
to the “"biological modality”. The single largest
group (Fig. 2) was “remove caries and restore with

Figure 4. Overall pulpotomy medication of choice for tooth 74. FC: Formocresol; FS: Ferric Sulphate; CH: calcium

hydroxide; MTA: Mineral Trioxide Aggregate.

Figure 5. Pulpotomy medication of choice for tooth 74 and specialty (GDP or PD). * FC: Formocresol; FS: Ferric
Sulphate; CH: calcium hydroxide; MTA: Mineral Trioxide Aggregate.
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Figure 6. Overall results for Hall Technique awareness and practice.

composite’ (33.3%). Although SSCs, both HT SSCs
and conventional SSCs when considered together,
would represent a larger majority (17.4%+24.2%=
41.8%), they were considered separately in this
study, as they represented two different modalities
of treatment (biological Vs conventional).

The choice of material differed significantly
between GDPs and PDs: GDPs tended to choose
composite and GIC more than PDs, while PDs
tended to choose conventional SSCs more than
GDPs (p<0.05) while, interestingly, no PD chose
GIC at all. The choice of GIC for Class Il lesions,
chosen by GDPs in the case, had been previously
reported to have a high failure rate.® Moreover,
the choice of SSCs by most of the PDs in our study
was in agreement with the latest guidelines and
systematic reviews that favour SSCs multi-surface
carious primary molars.™

None of the GDPs and only one PD chose Zirconia
possibly because it is a newer material on the
market with a lot of promise, requires extensive
crown preparation and is expensive.

Finally, a few PDs and GDPs chose amalgam,
indicating that this material is falling out of favour
in the GCC region.

4.2. Discussion of the choice of pulpotomy
medicament (PM)

The American Academy of Pediatric Dentistry
(AAPD) suggested two treatment options for vital
primary teeth with deep caries approaching the
pulp. These treatment options were indirect pulp
therapy (IPT) and cervical pulpotomy.” GDPs
were more likely to attempt IPT on primary teeth
than paediatric dentists to treat deep caries in
asymptomatic primary teeth.'® A primary molar
pulpotomy is defined as the clinical procedure
involving the removal of the inflamed and infected
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coronal pulp tissue while maintaining vital healthy
radicular pulp. Following amputation of the coronal
pulp, the remaining pulp is treated with one of the
following medicaments': Formocresol (FC), Ferric
sulphate (FS), Mineral trioxide aggregate(MTA)
and Calcium hydroxide (CH). The debate about
which medicament to use has engaged the dental
literature for a long time, subsequently affecting
the clinical decisions of PDs and GDPs alike. This
was indeed reflected in our study. As there was no
uniform agreement on what constitutes the ideal
PM in a given scenario (Fig. 4) and not one PM
had an outright majority. Historically, FC has been
the medicament of choice for the primary tooth
pulpotomy. Buckley in 1904 first used equal parts
of tricresol and formalin, although the procedures
and formulation have changed since Buckley’s
first publication,?® FC has remained popular as
a medicament for vital pulp therapy. Dunston
and Coll?" reported that 81% of surveyed USA
paediatric dentist diplomates used either diluted
or full-strength FC, 18% used FS, and only 1% used
some other medicament or technique for primary
tooth pulpotomies. FC popularity as a pulp therapy
medicament has decreased in some countries and
banned in others such as the United Kingdom
(UK) because of its alleged cytotoxicity, potential
mutagenicity and immune sensitization.???
However, in the USA, a recent survey showed that
FCisstillthe most popular pulpotomy medicament,
despite published concerns regarding its potential
toxicity among both GDPs and PDs.’® Despite
the fact that the British Society of Paediatric
Dentistry (BSPD) guidelines had discouraged the
use of FC"the AAPD most recent pulp therapy
guidelines’ recommended Buckley's Solution
of FC as a pulpotomy medicament in primary
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teeth, which in the GCC region had created a lot
of confusion. This was even noted in our study;
PDs used either FS or FC as a PM (equally n=13,
41.9% for each). MTA, FS and CH are used as
alternatives to FC as pulpotomy medicaments.
CH has been used, but with less long term success
because it has been shown to cause internal
resorption in primary teeth.?* FS is a coagulative
and haemostatic agent and it has been found to
have high clinical (100%) and radiographic (97%)
success rates.?® Meta-analysis of six prospective
controlled trials?® showed that both FC and FS
had similar clinical and radiographic outcomes.
Overall clinical success of FS was 78 -100% and
radiographic success was 42 - 97%. MTA has also
been reported as a pulp therapy medicament with
very high (more than 95%) 2 year-follow up clinical

and radiographic success rates.? The choice of
pulpotomy medicaments vary among dental
practitioners and also between countries. A 2012
USA survey'® reported that 69% of general dentists
and 68% paediatric dentists used FC; 15% of GDPs
and 23% PDs used FS and only 3% of GDPs and 1%
PDs reported using MTA. In an analysis of 47 trials
and 3910 randomised teeth, a recent Cochrane
systematic review in 2014° found no evidence to
identify a superior PM although MTA or FS were
highlighted as “preferable”. Smail-Faugeron et al,
stated*thatthe “costof MTAmay precludeitsclinical
use and therefore FS could be used"”. This seemed
to be the case in our study, as the first choice by
all those surveyed was FS (40.7%), followed by
FC (36.7 %) but MTA came in 3rd position (14%)
followed last by CH (8.7%). It was interesting to

Figure 7. Awareness and practice of the Hall technique per specialty. *denotes statistical significance (p >0.05).

Figure 8. Sealing in caries in primary and permanent teeth. The majority of those surveyed opted for “No” in both

dentitions.
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notice in our study that, although not statistically
significant, there was a tendency for PDs to avoid
the use of CH [CH causes internal resorption’'’]
and chose either FS or FC equally (thus adhering
either to the AAPD or the BSPD school of thought).
Despite this, background training of those
surveyed showed no clear relationship with the
PM choice. Finally small proportions of GDPs and
PDs (13.4% and 16.1% respectively) chose MTA as
a PM medicament. No reason can be extrapolated,
however as mentioned above MTA is known to be
a costly material.

4.3. Discussion of the Hall technique (HT)

The HT%™ is a method in which an asymptomatic,
non- pulpally involved and aseptic carious primary
molar lesion is managed unconventionally. The
lesion is “biologically” treated by isolating it from
the oral cavity; by cementing a conventional
SSC on the tooth with glass ionomer cement
in a child friendly play manner.?” There is no LA,
drill nor is there any tooth cutting carried out®.
The first appointment involves fitting orthodontic
separators mesially and distally to the tooth
intended for restoration with the HT. The second
appointment involves removal of separators 3-5
days after the first appointment and selection and
cementation of the SSC with GIC by digital and
patient bite pressure.’®

There was a mixed international reaction to the
development to the HT in paediatric dentistry
circles?® with many authors supporting it**3° and
others condemning it outright. In the UK, some
had gone so far as to describe it as the “Gold
Standard” for restoring the multi-surface carious
molar.” Our study investigated the knowledge
and practice of the HT. It showed that a majority
of those surveyed had heard of (n=91, 60.6%)
but not practiced (n=122, 81.4%) the HT. The
speciality had a significant impact on this as PDs
were more aware of, and had practiced the HT

more, when compared to GDPs (p=0.003 and
p=0.003 respectively). This can be understood as
the HT trials were designed and spearheaded in
postgraduate paediatric dentistry environments?’
and developments disseminated in specialists
postgraduate conferences, attended mostly by
PDs.! However, some of the said studies were
conducted in the primary dental service setting,
i.e., GDPs.® Ideally; the ultimate aim of developing
the HT was for GDPs becoming the end users
of the HT in order to share the burden of caries
management between GDPs and PDs. This was
because most children are seen by GDPs not PDs.
It appeared that our study had shown that thereis a
large gap between knowledge and practice of the
HT in this region. One can also apply conjecture
and assume that other confounding factors, such
as opposition to the HT may also play a part
in avoidance of practice, in addition to lack of
appropriate hands on courses to cover the subject.
However, the latter points were not investigated
in this study and warrant further investigation.
Finally, it may be useful to recall the responses
highlighted in section a) of this paper’s discussion
(RCM), as less than a quarter of the respondents
only, would choose the HT as a treatment modality,
in the given straight forward scenario.

4.4. Discussion of sealing dental caries (SDC)

The therapeutic treatment of carious lesions
in primary and permanent teeth by complete
removal of caries and restoring the defective
tooth structure had classically been advocated
as the only treatment modality for many years.
When taking primary teeth into account, this was
confirmed to be the case by those surveyed in the
first question in our study. On the other hand, the
thought of SDC, especially in a permanent tooth,
may be considered malpractice by many; however,
itis now becoming acceptable that the therapeutic
treatment of carious lesions by complete removal

Figure 9. Sealing-in caries and specialty (GDP or PD). No statistically significant results were found between GDPs

and PDs.
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of caries and restoring the defective tooth structure
is only one of the treatment modalities used.*’
SDC in permanent teeth where the carious lesion
is partially removed or completely left has been
employed as an accepted therapeutic technique
by some with ten yearresults®? and currentavailable
evidence supports the SDC approach.?'333* There
are several techniques of SDC that are currently
employed, ranging from indirect pulp capping’
either by incomplete removal of caries and sealing
over the carious lesion closest to the pulp or by
stepwise caries removal where only partial removal
of caries is employed, followed by temporary
restoration of the tooth for few months. Finally the
tooth is re-entered the rest of the carious lesion, if
any present, is removed and the final restoration
is placed.®” Another technique® is the no caries
removal technique where the entire carious lesion
is sealed in permanent teeth as well as primary
teeth as highlighted above in the HT section. In
permanent teeth, the amount of bacteria detected
after conventional caries removal was higher than
that which remained in sealed caries lesions.®* A
systematic review and meta-analysis of incomplete
cariesremovalstudies® concludedthat incomplete
caries removal appeared superior compared to
complete caries excavation, especially in lesions
very close to the pulp. However, evidence levels
are currently insufficient for definitive conclusions
because of high risk of bias within the studies.
A qualitative examination of private dentists’
treatment decisions towards non-cavitated carious
lesions concluded that the practitioners based
their their decisions on their practical clinical
experience and dentists’ knowledge of the
evidence-based recommendations did not lead to
higher compliance with these recommendations.®
In our survey, we had attempted to assess the
opinion of the surveyed dentists regarding sealing
decay in primary and permanent teeth. It was clear
that the majority did not believe that SDC was a
viable option for both the primary and permanent
teeth (56.6% and 53.3 %) although we specified
“enamel non-cavitated lesion” in the latter
question. This indicated that there was reluctance
in the GCC region to accept this new concept,
and concurred with the pro “drill and fill" results
from the first question in this survey. Whether the
participant was a PD or GDP had no significant
bearing on this result (p=0.517 and p=0.182),
although there was a slight tendency for PDs to be
tolerant to SDC in both dentitions. This correlated
in part with the result seen above with regards to
the HT, in essence a method for SDC in primary
teeth.

Therefore, the hypothesis, that the surveyed GCC
dentists; agreed on treatment options for RCM
when faced with a non-pulpally involved carious
primary molar in a cooperative child, agreed on
the PM used in a primary molar pulpotomy, had
practiced the HT, and agreed to the concept of
SDC in primary and permanent teeth was rejected.
However they were aware of the HT. Therefore,

there is a great need to organise continuing
dental education courses for GDPs and PDs in the
GCC region to update them with contemporary
guidelines and recommendations related to RCM,
PM, HT and SDC.

On a final note, ideally we would have liked the
sample of PDs to be the same size of GDPs in this
study, however, it is known that there are fewer
specialist PDs per paediatric dental population
(average 7 per 100000 in the USA) compared to
GDPs (60 per 100000 persons in the USA).*? In
the UK, there are 242 registered PDs, compared
to 41,000 GDPs (personal communication,
General Dental Council, UK, 2016). Therefore,
our study sample effectively reflected the relative
proportions of the said groups in society.*

5. Conclusion

Upon surveying the opinion of a group of dentists
in the GCC region, we can conclude that there
were disagreements amongst them in relation to
the concepts of RCM, PM, HT and SDC. They did
not agree on treatment choices for RCM, although
the majority would surgically remove rather than
seal asymptomatic non- pupal caries in a primary
molar. There was no agreement of the PM choices
for a primary tooth pulpotomy. The majority were
aware of the HT but only a minority used it. A
majority did not believe in SDC in both dentitions.
Therefore there was a reluctance to accept new
concepts, such as the HT and SDC. PDs choice
of RCM significantly differed from GDPs, and their
awareness of HT and practice of HT were more
favourable.
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The Hall technique involves

a a. Drilling a tooth;

O b. Numbing atooth;

O c. Sealing caries with a composite;

O d. Sealing caries with a preformed metal crown.

Dentists in the GCC region carrying out pulpotomies
O a. Agree onthe pulpotomy medicament;

Q b. Useformocresol only;

O c. Disagree on the pulpotomy medicament;

Q d. Use ferric sulphate only.

MTA in paediatric dentistry is a

Q a. Pulpotomy medicament;

O b. Pulpectomy medicament;

O c.  Aninexpensive material widely used;
O d. Arestorative material.

Of the GCC dentists surveyed in this paper
a. 100% had used the Hall technique;
b. 1% had used the Hall technique;

c. 81.5% had never used the Hall technique;

a
a
a
Q d. 100% had never heard of the Hall technique.
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Background: A variety of systemic factors have been associated with peri-implant diseases.
Objective: The aim of the present comprehensive review was to assess current literature regarding
the systemic factors associated with the etiology of peri-implant diseases.

Results: Both normal and premalignant oral mucosa cells (NOK and POE?i) displayed uptake
of PLGAChiNPs in a time and concentration-dependent manner, both in 2D and 3D models. A
higher and more rapid uptake of PLGAChi NPs by precancerous cell line POE?i was observed
when compared to NOKs. Interestingly, DPCs did not display internalized PLGAChi NPs, even at the
highest concentration of 200 g/mL.

Data source: Databases were searched till January 2017 using different combinations of the following
key words: “acquired immune deficiency syndrome”; “cancer”; "diabetes mellitus”; "genetic”; “peri-
implant diseases”; “peri-implantitis”, “renal”; and “risk-factors”.

Study selection: Clinical studies assessing the systemic factors associated with the etiology of peri-
implantitis were included. Letters to the Editor, case-reports, case-series, in-vitro studies, studies on
animal models and commentaries were excluded.

Data extraction: The pattern of the present comprehensive review was customized to primarily
summarize the pertinent information.

Data synthesis: Poorly-controlled diabetes mellitus (DM) is a significant risk factor for peri-implant
diseases; however, under optimal glycemic control dental implants can osseointegrate in patients
with DM. Osteoporosis and rheumatoid arthritis have been associated with peri-implant diseases;
however, implant surface modifications and optimal oral hygiene maintenance are essential
parameters that can facilitate osseointegration in these patients. Although irradiation is a significant
risk-factor for peri-implant diseases; studies have shown that osseointegration and survival of
implants is possible in cancer patients. There is a weak evidence that HIV infection is no more a
contradiction for implant therapy. Although systemic diseases are significant risk-factors for dental
implant failure, proper management of the systemic disorder and optimal oral hygiene may support
osseointegration and survival of dental implants in medically-compromised patients.

Keywords: acquired immune deficiency syndrome, cancer, diabetes mellitus, genetic, peri-implant
diseases.

", ",

1. Introduction

Although studies™ have reported implant
success and survival rates of up to 100%; a
number of systemic factors have been reported
to jeopardize the success and survival of dental

implants.*> According to a consensus report from
the 6th European Workshop on Periodontology,
peri-implantitis is defined as the presence of
inflammation of the peri-implant mucosa and
concurrent loss of supporting alveolar bone.’

*Corresponding author:

DrMohammed Alshehri, BDS, AEGD, SSC-ARD, SF-DI, Dental Department, King Khalid, University Hospital, King Saud University, Riyadh, Saudi Arabia.

Tel/Fax: +96.655.380.333/ +966.114.672.428, e-mail: dr_mzs@hotmail.com

Stomatology Edu Journal



A COMPREHENSIVE REVIEW OF SYSTEMIC FACTORS ASSOCIATED WITH PERI-IMPLANT DISEASES

Mombelli et al.” described peri-implantitis as a site-
specific inflammatory condition, which displays
clinical and radiographic features that are similar
to those in patients with chronic periodontitis.
Data regarding the prevalence of peri-implantitis
is inconsistent. In the study by Koldsland et
al.® the prevalence of peri-implantitis ranged
between 11.3% and 47.1%; whereas Mombelli
et al.? reported peri-implantitis in 20% of their
study population during 5 to 10 years of follow-
up. In the study by Zitzmann and Berglundh,®
the frequency of peri-implantitis varied between
28% and at least 56% of the participants and
12% and 43% of individual implants. Peri-implant
diseases are categorized into two types namely,
peri-implant mucositis and peri-implantitis. Peri-
implant mucositis is characterized by inflammation
of soft tissues around the implant without any
signs of peri-implant alveolar bone loss.6 Patients
with peri-implant mucositis exhibit bleeding on
probing (BOP), peri-implant probing depth =
4mm and/or suppuration.’®"

A variety of factors, local as well as systemic
factors have been associated with the etiology of
peri-implantitis.’>'¢ It is well known that poor oral
hygiene, tobacco smoking, poor bone quality and
quantity, jaw location and bruxism are among
the most common local factors associated with
the etiology of peri-implantitis. Nevertheless,
the contribution of systemic factors such as
immunosuppression (as observed in patients
with acquired immune deficiency syndrome,
osteoporosis, poorly-controlled diabetes mellitus
and cancer) and use of medications (such as
bisphosphonates and corticosteroids) that have

also been associated with the etiology of peri-
implantitis cannot be disregarded (Fig. 1)."-%
Considering the length of the article, the author
dedicated the present article to comprehensively
review the systemic risk-factors associated with
the etiology of peri-implantitis. The aim of the
present comprehensive review was to provide
an overview of current literature regarding the
systemic conditions associated with the etiology
of peri-implantitis.

2. Materials and methods

2.1. Focused question

The addressed focused question was “Which
systemic conditions are associated with the
etiology of peri-implant diseases?”

2.2. Literature search strategy

PubMed/Medline, Scopus, EMBASE, ISI Web of
knowledge and Google-Scholar databases were
searched from till January 2017 using the following
key words: “arthritis”, “cancer”, “"diabetes mellitus”;
"acquired  immune  deficiency  syndrome”;
“renal disorders”; "osteoporosis”, “peri-implant/
periimplant” and “genetics”.

Clinical studies assessing the local risk-factors
associated with the etiology of peri-implant
diseases were included.

2.3. Eligibility criteria

Results from only clinical studies were included.
Letters to the Editor, historic reviews, case-reports,
case-series, in-vitro studies, studies on animal
models and commentaries were excluded. The
pattern of the present comprehensive review was
customized to primarily summarize the pertinent
information.

I Figure 1. Systemic factors associated with peri-implant diseases.
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3. Results

3.1. Diabetes mellitus

Diabetes mellitus (or diabetes) is a common
metabolic disorder characterized by hypergly-cemia
due to impaired insulin secretion, insufficient insulin
action, or both.?2 The main types of diabetes include
type 1 diabetes and type 2 diabetes. Type 1 diabetes
is associated with pancreatic beta (B)-cell destruction
and accounts for 5-10% of the subjects with diabetes.
Type 2 diabetes is associated with a relative, rather
than an absolute insulin deficiency and accounts
for 90-95% of all individuals with diabetes.?®
Individuals with poorly-controlled diabetes are more
susceptible to develop complications after implant
therapy compared to individuals with well-controlled
diabetes.?*

Chronic hyperglycemia has been related with tissue
damage, since endothelial cells take up glucose
passively in an insulin-independent manner.2>2
Hyperglycemia is also associated with an altered
host resistance, for example, defective migration
of  polymorphonuclear  leukocytes, impaired
phagocytosis and an exaggerated inflammatory
response to microbial products.?’

The treatment of diabetes focuses on the attainment
of an optimal glycemic control in order to impede
complications.

Individuals with diabetes are more susceptible to
periodontal disease, which is also recognized as the
sixth complication of diabetes.?®2

The underlying pathophysiology that increases
the risk of periodontal bone loss in subjects with
diabetes is poorly understood; however it has been
associated with the formation and accumulation of
glucose-mediated advanced glycation end-products
(AGEs).

AGEs accumulate inthe plasma and tissues (including
the periodontium) during the process of normal
aging, but to an accelerated degree in subjects
with diabetes.*®* AGEs contribute to periodontal
destruction by activating receptors called “Receptor
for AGEs (RAGE)" located on the periodontium
and by reducing the production of matrix proteins,
such as collagen and osteocalcin by gingival and
periodontal fibroblasts.3+3

It has been suggested that the pathogenesis of
diabetes and its complications are associated with
an increased RAGE expression.?”%

Other cell types with RAGE expression include
glomerular epithelial cells (podocytes), endothelial
cells, vascular smooth muscle cells, inflammatory
mononuclear phagocytes and lymphocytes.®
Therefore, an impaired glycemic status may
negatively affect the outcome of implant therapy. In
a systematic review, Javed and Romanos' reported
that under optimal glycemia control, dental implants
can osseointegrate and remain functionally stable
over long durations in patients with diabetes.

3.2. Bisphosphonates

Bisphosphonates (BPs), (such as alendronate,
risendronate, ibandronate, and clodronate) are
important group of drugs used for the treatment
of metabolic and oncologic pathologies involving
the skeletal system. The mode of action of BPs
depends on the drugs' chemical structure. The
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two main categories of BPs are the “non-nitrogen”
and “nitrogen-containing” BPs.* Non-nitrogen-
containing BPs are metabolized rapidly, whereas
nitrogen-containing BPs are much more potent and
are not metabolized.*’ These drugs act by inhibiting
osteoclastic activity and inducing their apoptosis.'®
BPs may be administered by either oral or
intravenous routes. Oral BPs are used in the treatment
of diseases such as osteoporosis and Pagets'
disease; while intravenous BPs are administered to
patients with breast cancer, multiple myeloma, bone
metastasis and malignant hypercalcemia. The chief
complication observed in patients under either oral
or intravenous BP therapy is osteonecrosis of the jaw
(ONJ).# It has been suggested that all patients under
bisphosphonate therapy who are expected to receive
dental implants should be informed of the possible
risks of development of ONJ and consequent
implant loss beforehand; and an informed-consent
must be obtained prior to installation of dental
implants in these individuals.

Although, the risk of developing ONJ in patients
using BPs is estimated to be minimal (approximately
0.09%), there still exists a controversy over the
placement of dental implants in patients treated
with BPs.*®* Results from case-reports*** have
shown that dental implants can osseointegrate
and remain functionally stable in patients under
BP therapy. Similar results have been reported
in retrospective studies.®®* Results by Bell and
Bell50 showed comparable implant survival rates
between patients using BPs and controls, that is,
95% and 96.5% respectively. Brooks et al.*’ placed
10 implants in a patient on bisphosphonate therapy
out of which, 9 implants osseointegrated successfully
giving a success rate of 90%. Likewise, results from
a case-report by Wang et al.* also showed implant
healing to be uneventful with no alterations in the
healing process of dental implants in a patient
using BPs. Fugazzotto et al.>' showed that a history
of bisphosphonate therapy was not associated
with the occurrence of ONJ following installation of
immediately-loaded dental implants.

In their systematic review, Javed and Almas'®
reported that the incidence of implant failure in
patients taking BPs is minimal.

The authors also concluded that placement of dental
implants in patients taking BPs can have a positive
outcome.™

3.3. Osteoporosis and rheumatoid arthritis
Osteoporosis is a metabolic disease of bone
characterized by low bone mineral density
(BMD) and reduced bone mass due to impaired
bone metabolism and imbalanced osteoblastic
and osteoclastic activities.’*>® In  osteoporotic
bone, osteoblasts demonstrate impaired pro-
liferative, synthetic and reactive ability to cellular
mediators.525455

Underlying causes of osteoporosis include pre- and
postmenopausal estrogen deficiency, excessive
glucocorticoid intake, eating disorders such as
anorexia nervosa and celiac disease.’® Although
the bone quality and strength are compromised in
osteoporotic patients; osteoporosisis not considered
a contraindication forimplant the-rapy.>®*? In a recent
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systematic review, Javed et al.®® assessed the effect
of osteogenic coatings on the osseointegration of
implants under induced osteoporotic conditions.
Nearly 80% studies reported that osteogenic
coatings around implant surfaces enhance bone
formation, bone-to-implant contact (BIC) and bone
volume (BV) under osteoporosis-like conditions.
This could possibly be accredited to the increase
in surface roughness of the implant caused by
osteogenic coatings, which facilitate the attachment
of osteoprogenitor cells to the implant surface.
Holahan et al.®” conducted a retrospective study
to evaluate whether a diagnosis of osteoporosis
affected the survival rate of osseointegrated dental
implants. In this study®’, a total of 3,224 implants
placed in 746 female patients aged at least 50 years
old at the time of implant placement were assessed.
The results showed that patients with a diagnosis of
osteoporosis or osteopenia were not significantly
more likely to develop implant failure compared to
those without such a diagnosis.*’

Krennmair et al.¢! evaluated the implant treat-ment
outcomes for patients suffering from autoimmune
rheumatoid arthritis (RA) with or without concomitant
connective tissue diseases (CTD). In this study,' 34
female patients (25 iso-lated RA; nine RA+CTD) were
included. At the mean duration of follow-up of nearly
46 month, all implants presented a survival rate of
100%. In isolated RA patients, acceptable marginal
bone loss (MBL) (mean: 2.1 mm; SD: 0.5 mm), pocket
depth (mean: 2.8 mm; SD:3.2 mm) and healthy soft-
tissue conditions (plaque/bleeding/gingiva index
Grade 0in 80%)were observed.®' Results from a case-
series report,®? showed a high implant survival rate
during follow-up with a cumulative 3-year implant
success rate of 96.1%. In this study, RA patients
demonstrated acceptable MBL (mean: 2.1 +/- 0.5
mm) and satisfactory soft tissue conditions; whereas
CTD patients showed increased MBL (mean: 3.1 +/-
0.7 mm).

The study®? concluded that a high implant and
prosthodontic success rate can be anticipated in
patients suffering from RA; however, the authors
emphasized that optimal oral hygiene assists in
ensuring stable long-term survival of dental implants
in patients with RA.¢?

3.4. Irradiation

Osteoradionecrosis is usually observed several
years following radiotherapy and is associated with
local trauma within the hypovascular-hypocellular
hypoxic tissues (that occurs as a result of radiation-
induced endarteritris).®® In this regard, the interval
between the end of cancer therapy and placement
of dental implants may contribute to the success
or failure of osseointegration. Studies®**® have
investigated the required time interval between
radiotherapy and implant installation that may
influence osseointegration; however the results
remain debatable. In a systematic review, Zen Filho
et al.%’ assessed the safety of dental implants placed
in irradiated bone and to discuss their viability
when placed post-radiotherapy. Eight publications
were assessed in this systematic review®” and the
results showed a total of 331 patients received 1237
implants. The time interval between irradiation and

dental implantation ranged from 6 to 15 months.
The overall implant failure rate of 9.53% and
osseointegration success rates ranged between
62.5% and 100%.%” In another review, Javed et al.?°
assessed the implant survival rate after oral cancer
therapy. In total, 21 studies were included in this
review out of which, 16 studies reported that dental
implants can osseointegrate and remain functionally
stable in patients having undergone radiotherapy
following oral cancer surgery.® The authors
concluded that dental implants can osseointegrate
and remain functionally stable in patients having
undergone oral cancer treatment.?

3.5. Human immunodeficiency virus infection
Human immunodeficiency virus (HIV) infection is
characterized by progressive immune system failure
that gives rise to the development of opportunistic
infections and neoplasms. The virus invades CD4+
T lymphocytes, macrophages and dendritic cells,
and the CD4+ T cell counts gradually decrease as a
result of direct cytopathic action or cytotoxic CD8+T
lymphocyte-mediated attack. In a recent systematic
review, Ata-Ali et al.® attempted to answer the
following focused question “does HIV infection have
an impact upon dental implant osseointegration?”
The combinations of search terms resulted in a
list of 132 titles. Consequently, 101 studies were
excluded on the basis of the evaluation of the title
and abstract, thereby leaving 9 articles for eligibility
assessment. Amongst the studies included in this
systematic review, a total of 173 dental implants were
placed in 80 patients (135 implants in 56 HIV-positive
individuals and 38 implants in 24 HIV-negative
patients -control groups). A single loss of dental
implant osseointegration was recorded in an HIV-
positive patient.®® In the study by Stevenson et al.¢?,
40 dental implants were placed in 20 HIV-infected
patients. No implant osseointegration failures were
recorded after 6 months of follow-up. Similarly, in
another study of 39 dental implants placed in 24
HIV-infected patients, no implant osseointegration
failures were recorded after 12 months of follow-
up.”® Should dental implants placed in HIV positive
patients sustain bone levels in the long-term (5 years
or longer) requires further investigations.

3.6. Genetic factors

Jacobi-Gresser et al.”" assessed diagnostic markers
to predict titanium implant failure.

The study reported that tumor necrosis factor-alpha
(TNF-a) and interleukin 1-beta (IL-18) release on
titanium stimulation were significantly higher among
patients with implant failure.

The results showed that IL-18/TNF-a release and
number of risk genotypes were significantly
associated with implant failure.”
Vazetal.”2examined IL-1 gene clustersin 155 patients
with 100 successful implants and 55 unsuccessful
implants.

The authors concluded that successful implants
were associated with a negative genetic test and
that unsuccessful implants were associated with a
positive genetic test.”

Casado and colleagues reported that the IL-6
genotype was 1.53 times more likely to convey peri-
implant disease if the individuals had the GC
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genotype and allele G.

4. Conclusion

Although systemic diseases such as poorly controlled
DM, RA and osteoporosis are significant risk-factors
for dental implant failure, proper management of
the systemic disorder and optimal oral hygiene
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Osteoradionecrosis is usually observed several years following radiotherapy; and is associated
with local trauma within the hypovascular-hypocellular hypoxic tissues.

O a. The first statement is true but the second statement is false;

O b. The first statement is false but the second statement is true;

O c. Both statements are true;

O d. Both statements are false.

Osteoporosis is a metabolic disease of bone characterized by:

Q a. lowbone mineral density;

Q b. reduced bone mass due to impaired bone metabolism;
O c. imbalanced osteoblastic activity;

Q d. all of the above.

The mode of action of bisphosphonates depends on the drugs':

Q a. Physical structure;
ad b. Chemical structure;
a c.  Halflife;

O d. Side-effects.

All of the following are local risk-factors of peri-implant diseases EXCEPT:

Implant diameter;
Tobacco smoking;

Poor bone quality;
Quantity of bone.
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ABSTRACT DOI: 10.25241/stomaeduj.2017.4(1).art.4

Background: Dental caries is one of the most prevalent human diseases worldwide. The modern
concept of minimal invasive dentistry includes early detection of incipient caries lesions and its
treatment. Several optical and digital detection methods are available.

Objective: This literature review presents the utility and limitations of laser fluorescence caries
detection devices DIAGNOdent (DD) and DIAGNOdent Pen (DDpen) (KaVo Dental GmbH, Biberach/
RiB, Germany) for carious lesions on the occlusal surfaces of the permanent dentition.

Data sources: All available in vitro and in vivo studies from Google Scholar, PubMed and Scopus
machines corresponding to caries, DIAGNOdent, DIAGNOdent Pen and laser fluorescence as key
words, were reviewed.

Data extraction: Certain limitations of the studies were the inadequate analysis of the experimental
protocols, the widespread sample use of the third molar, mistakes in sample handling and the limited
number of studies evaluating the detection capability of DD and DDPen for secondary caries.

Data synthesis: DD and DDPen are useful devices for caries detection on the occlusal tooth surfaces.
Their main advantages are the very high reproducibility of measurements (>0.90), the ease of
handling and the quantification and monitoring capacity. Their main limitations are the relatively low
specificity for enamel lesions, the necessity of unstained surfaces and absence of plaque and pastes
during measurements and the absence of a universal, clinically functional calibration value (COV).
Conclusion: Further studies are required for more reliable data analysis and clinical interpretation
of the relevant results.

Keywords: caries, DIAGNOdent, DIAGNOdent Pen, laser fluorescence, laser.

1. Introduction so frequent as compared to caries in pits and

Dental caries is one of the most widespread
human diseases around the world and one of
the most important problems in contemporary
dentistry. The prevalence of dental caries is higher
in the elderly and people of lower socioeconomic
status. Nevertheless, it affects not only children
but also adults." A substantial decline of caries
prevalence has been documented during the last
decades, especially in the western world, primarily
due to multiple fluoride products and the caries
prevention methods available.?

Nowadays, dental caries in smooth and inter-
proximal surfaces of permanent dentition is not

fissures of the posterior teeth. Most commonly,
occlusal caries occur more often in premolars
and first molars.®# The difficulty of prompt clinical
diagnosis in occlusal areas is due to the anatomical
features of these surfaces as well as the use of
topical fluoride products. Fluoride can prevent
the collapse of the superficial enamel layer and
influence the remineralization process. Therefore,
large dentine lesions might be less visible even
when they have progressed substantially. This
phenomenon reaches the percentage of 10-40%
in molars and it is described as "hidden caries"®

The caries disease is an imbalance of the
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dynamic processes of demineralization and
remineralization of the teeth and in its initial stages
it can be halted. Enamel demineralization is a daily
process that does not necessarily lead to caries.
Early intervention can turn an active lesion into
an inactive one. If the degree of demineralization
does not exceed a certain point, the process may
come to a standstill, even if the enamel surface has
been minimally affected. The conversion of a lesion
from active to inactive requires early diagnosis
and careful monitoring, in order to minimize the
restorative intervention.® From this point of view,
modern caries detection means should permit
monitoring of the caries process before the early
lesion progresses to an extensive cavity.

The main objective of this paper is to give an
overview of the use and utility of the two available
caries detection devices of the occlusal surfaces of
the permanent dentition, DIAGNOdent (DD) and
DIAGNOdent Pen (DDPen) (KaVo Dental GmbH,
Biberach/Rif, Germany), whose function is based
on the fluorescence laser beam.

2. The criteria for the evaluation of caries
diagnostic means

The criteria used for the diagnostic evaluation of
caries are expressed through specific indicators
which are defined in numerical scales and form
the diagnostic accuracy of a test. Specificity and
sensitivity are the two dimensions, widely used
for the description and quantification of several
diagnostic techniques. Specificity refers to the
correct identification of the healthy dental tissues,
while sensitivity refers to the correct identification
of caries. The above indicators are expressed as
values between 0 and 1 (100%). As these values
approach 1, the qualitative effectis higher and they
should be atleast0.75 for sensitivity and above 0.85
for specificity.” Methods with low sensitivity can
lead to suboptimal treatment, whereas methods
with low specificity, to overtreatment. The caries
detection methods with low sensitivity should be
combined with techniques that are distinguished
by high specificity and vice versa.

The accuracy of a method in most studies occurs
from the sensitivity and specificity values and is
often described by the area below the ROC curve
(Receiver Operating Characteristics). The accuracy
of the sum of the measurements obtained in
a procedure is called reliability or otherwise
repeatability and has a key role in the effectiveness
of the procedure.

2.1. Conventional caries diagnostic means

In everyday clinical practice, direct visual
observation is the most established method of
tooth decay detection as it is easy and inexpensive.
This method is mainly based on the subjective
interpretation during visual examination and is
often combined with radiographs and tactile
examination with a metal probe.®

Many studies indicate that visual observation is
characterized by lower sensitivity in relation to
specificity with the latter exceeding 0.85 for caries
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diagnosis in occlusal surfaces.?'" Lussi et al.?, in
an vitro study, showed that the sensitivity of visual
observation as a diagnostic method becomes
double in case of dentine caries (0.62) when
compared to that of enamel (0.31). Gimenez et
al.” in a systematic review report that publications
in respect to the accuracy of optical observation as
a 'diagnostic instrument’ do not exhibit sufficient
qualitative methodology as far as the selection of
the samples is concerned. They also underline that
visual observation constitutes a reliable a clinical
caries detection method. In another systematic
review, Bader et al.'"® mention that the optical
observation displays high specificity, but low
efficiency for sensitivity and repeatability.

As compared to the above laboratory studies,
clinical studies report higher specificity than
sensitivity in response to visual observation.'
The difficulty with the clinical studies is the lack of
proper identification of the healthy dental tissues
by the devices due to the frequent presence
of dental calculus, bacterial plaque, saliva and
food remnants. The use of established optical
calibration systems such as ICDASII or Ekstrand's
criteria seems to contribute to a more accurate
caries detection system, given the fact that they
provide guidelines and a rational quantification of
lesions.’ The combined use of visual observation
and tactile sensation with the use of metal probe
does not appear to significantly improve the
diagnostic capability of direct visual observation.
Agnes et al. emphasize the possibility of damaging
the adjacent tooth with the sharp edge of the
probe.' On the other hand, the visual observation
assisted by loops of 1,5X to 4,5X shows increased
detection sensitivity."”

Bitewing radiographs are a useful means of
detecting interproximal caries; however, their
advantage is quite limited to occlusal carious
lesions, due to the overlay phenomenon.'
Furthermore, 40-60% of the tooth’s metal ions
have to be lost so as the lesion becomes visible
radiographically. This is another reason why the
radiographic imaging is not used clinically for the
detection of incipient caries lesions."

Therefore, the most important limitations of
conventional diagnostic tools are their low
sensitivity, specificity and reproducibility, the
difficulty to determine the activity of the lesion
and the inability to monitor its progression. For
all these reasons, either more accurate detection
methods or a combination of the above methods
should be used. In this respect, the dental
technology has invested in the development of
numerous caries detection devices. Some of these
diagnostic tools are based on infrared radiation,
impedance spectroscopy, digital imaging as in
the DIFOTI system (Electro-Optical Sciences N.Y.),
photo thermal radiometry as in the Canary System
(Quantum Dental Technologies, Canada) as well
as on visible spectrum fluorescence and laser
fluorescence.
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2.2, Fluorescence of sound and carious tooth
substance

Fluorescence is the property of a medium
to absorb low wavelength radiation such as
ultraviolet (1-400nm) emitting longer wavelengths
of visible light (430-450nm). Teeth have the
ability to emit fluoresce. This phenomenon can
be observed when the incident radiation is
shown in the ultraviolet spectrum, as in the cases
of exposure to black light illumination or when
the person is found at high altitude. The primary
fluorescence of teeth, otherwise known as auto-
fluorescence, arises from the internal biological
structures of the cells, with responsible elements
being several enzymes, vitamins, uranium glass
and endogenous fluorophores, present in dentin
and enamel?® Dentin emits more autofluo-
rescence than enamel, with the emission peak
being at 450nm. Although the exact chemical
mechanism of tooth auto-fluorescence has not yet
been ascertained, the greater amount of organic
components of dentine seems to be the reason for
its higher fluoresce values.?" It has been found that
decayed tissues emits more fluoresce than healthy
ones upon stimulation by red laser or infrared
irradiation. This seems to be the result of both
demineralization processes and the presence of
bacteria byproducts in the decayed tissue.?

2.3. Caries detection methods based on visible
spectrum fluorescence

Quantitative fluorescence (Quantitative Light -
induced Fluorescence, QLF) is a method used
to detect the demineralization of enamel in the
early stages. The technique relies on the ability of
enamel to emit strong auto-fluorescence under
certain circumstances. Hypomineralised enamel
shows a decrease demission of fluorescence
spectrum as compared to that of healthy enamel.
With the use of the QLF method, demineralized
areas can be detected before they become
clinically visible, since the sensitivity of the specific
technique is particularly high. Limitations of this
technique were found in the detection of dentine
caries also in the deep enamel lesions (400pm),
where the results were not so accurate.

2.4. Caries detection devices based on laser
fluorescence

The difference in fluorescence between sound
and carious tooth structures was the fundamental
concept behind the development of devices
capable of quantifying the decayed tissue
fluorescence. Methods based on fluorescence
are divided into those that use visible spectrum
stimulating rays such as the QLF and those based
on laser ray fluorescence such as the DIAGNOdent
and the DIAGNOdent Pen (KaVo Dental GmbH,
Birebach/RiB, Germany).2® Sundstrém et al.?* in a
pioneering study, stimulated carious and sound
tooth structures by laser beams of different
wavelengths (337nm, 488nm, 515nm, 633nm), and
calculated the emitted fluorescence. The 488nm
wavelength was selected as the most appropriate
wavelength for the detection of incipient caries

with this technique.

3. DIAGNOdent Device and DIAGNOdent Pen
Device

3.1. DIAGNOdent Device

The light source of DD is a diode laser with a
wavelength of 655nm and a maximum power of
TmW. The red laser beam is transferred through
a descending optical fiber to its edge, made of
sapphire. Two different tip designs are available.
The wedge-shaped which is used for occlusal
surfaces and the straight one designed for smooth
dental surfaces. The excitation optical fiber, i.e.
one that carries the light beam on the tissues,
is surrounded by nine concentric optical fibers
of smaller diameter that collect the fluorescent
radiation together with the surrounding light
from the dental surfaces. All optical fibers have
a diameter of 40 microns and they are carved at
their end to receive or transmit the light radiation
in similar manner.? A specially designed filter pre-
vents the diffusion of ambient light (A<655nm)
and thus only the fluorescent light is collected and
converted into an electrical signal. Then, the signal
is displayed on two LED screens and expressed as
a integer number between 0 and 99. One screen
displays the current measured value while the
other records the maximum value of detection.??
3.1.1. Correlation detection values of DD

Most clinical studies currently use the suggested
measurements [Cut-Off Values (COV)] of the DD
as they appeared in the clinical study of Lussi et
al.’? In this study, seven examiners evaluated 332
occlusal surfaces of 240 patients. After histological
examination, they found that the values between
0-13 correspond to healthy dental tissues; values
between 14-20 correspond to enamel caries
and values between 21-29 to dentin caries.'? In
the same study, the restorative intervention is
suggested for values between 20-29. However,
Tranaeus et al.?® suggested lower intervention
values.?®?> Anttonen et al.?” suggested intervention
values greater than 30, emphasizing that for values
greater than 40, the probability of overtreatment
is greatly reduced. Heinrich-Weltzien et al.%,
compared the validity of various proposed COV,
concluding that the superficial lesions in dentin
(D3) with rates between 17-21 showed the lowest
discrepancy (0,48 to 0,51). For deeper dentin
lesions (D4), the manufacturer’s suggested values
(>34) had the best performance (0.51). Therefore,
the proposed correlations of COV for DD vary
considerably between studies and have changed
several times even by the manufacturer. As a
general observation, it is worth mentioning, that
laboratory studies use lower COV for dentin caries
in relation to clinical studies.

3.1.2. Effect of exogenous factors on DD
measurements

Exogenous factors that could possibly influenceDD
values are various toothpastes and polishing
pastes. In an in vitro study, the potential effect of
ten different polishing pastes and four toothpastes
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on DD measurements was examined, after their
application to occlusal surfaces of molars and
premolars. While toothpaste did not affect at all
the DD values, seven of the polishing pastes have
an effect on the measurements with pumice being
the leading one. It seems that the intense auto-
fluorescence of certain polishing pastes may alter
the DD measurements, since their components
cannot be completely removed from the pits and
fissures of the occlusal surfaces of posterior teeth
even after brushing and rinsing.?’ Also, Lussi et al.*°
in another in vitro study examined the influence
of various toothpastes and prophylaxis paste
remnants, as well as, powder remnants influencing
DD readings.Theresults of thisexperimentshowed,
that only one toothpaste (Nupro mint/cherry
medium, Dentsply De Trey, USA) and one polishing
paste (Clinic, 3M, Bioggio, Switzerland) had a
statistically significant effect on the measurements
(p<0.01), after rinsing for 3-6 seconds. These
formulations contain sticky elements, which in
combination with the high porosity of the decayed
tissue, are not sufficiently removed and thereby
increasing the DD measurements. If the teeth are
not intensely rinsed with water-air combination for
at least ten seconds, an incorrect assessment may
occur. This is more significant for the long term
monitoring of lesions, rather than the detection of
lesion per se.*°

3.1.3. Effect of sample storage means in the DD
measurements

The different storage means of the samples used
in laboratory studies, such as chloramine solutions,
formalin and thymol affect the final measurements
of DD.*" Kaul et al.®? used 90 extracted molars in
groups of ten and stored the eight groups in eight
different solutions and one of them in a frozen
state of -20°C for one year. It was shown that the
most reliable method for teeth storing was the
frozen state. According to this statement it has to
be noted that only a few in vitro studies so far have
used samples that were stored in a frozen state, a
fact that should have an impact upon the clinical
interpretation of the results.

3.1.4. Accuracy and repeatability of DD

The characteristics of accuracy and repeatability of
the measurements of the DD and DDPen devices
are well documented. Chu et al.3® mention that
different COV values show different results. In an in
vivo study using COV by Lussi et al.,? the sensitivity
(0.95) and specificity (0.11) differ considerably,
while for COV=40, the sensitivity (0.70) and
specificity (0.84) differ less. The authors propose
the combination of visual observation with the use
of DD for caries detection, as it offers better results
in terms of specificity and quite good results in
respect to sensitivity.

Jablonski-Momeni et al.® in an in vitro study,
examined 181 points of 100 posterior teeth
comparing the DD detection capability with that
of direct visual observation during ICDASII. The
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repeatability of the measurements for the DD
between examiners was very high (0.957). Enamel
(D1) and middle dentin (D3) have a specificity of
D1:0.54, and D3:0.91 respectively, whereas the
sensitivity was D1: 0.91 and D3: 0.70. Therefore,
the ICDASII values were higher than those of DD.
The researchers conclude that combining ICDASII
and DD investigating methods provide better
diagnostic results.

The first combined in vivo/in vitro study for the DD
device was conducted by Reis et al.®> who studied
the caries detection of 57 third molars, both
by direct visual observation and DD. The direct
visual observation showed almost double in vivo
and in vitro repeatability, both between different
examiners (IR) (0.559) and between measurements
of the same examiner (IA) (0.559) compared to
that of DD. This study shows higher sensitivity of
DD measurements than the visual method, which
is not an usual finding in laboratory studies. The
presence of pigments in pits and fissures of the
occlusal surfaces may explain the above finding.
The authors suggest using 19-20 COV for the
differentiation of healthy versus carious dentin.
They also proposed that the visual observation
using ICDASII is quite a reliable caries detection
system.®

Also in the study of De Paula et al.,® visual
observation gave higher precision values than
the DD. These findings are in agreement with the
results by Rodrigues et al. and Agnes et al.?*'¢ The
combination of detection techniques e.g. visual
observation, radiography and DD seems though
to result to more accurate diagnosis of caries as
mentioned also elsewhere.’” Butit should be noted
that the actual clinical experience of the operator
can affect the objectivity of the detection, either by
visual observation or by using devices such as DD.
Specifically, in a laboratory study, 3 undergraduate
dental students, 3 general dentists and 3
academics were asked to evaluate 25 molars by
visual observation and by using DD.

The results showed a substantial variation. The
sensitivity of the measurements ranged from 0.188
to 0.769 and the specificity from 0.714 to 0.969.
The group of the academics recorded the highest
sensitivity of DD (0.667), while the group of the
general dentists the highest specificity (0.942).

A substantial variation of measurements occurred
in respect of sensitivity (0.755-0.953) and
specificity (0.755-0.953) of the visual observation,
with the students reaching the greatest sensitivity
(0.80).%¢ Ideally, a detection technique for the
occlusal surfaces must have a very high sensitivity
for D3 and D4 and moderate high specificity for
detecting enamel caries.

The DD shows higher specificity for lesions at the
level of dentin and lower for enamel lesions, since
it is unable to identify the healthy tissues from the
carious ones extending to the half of the enamel.
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The sensitivity of DD can be increased for more
deep caries, with values of 0.66 in D2 and 1 in D3.
Sensitivity for the D1 level was reported at 0.74.%°
3.2. DIAGNOdent Pen Device

The inability of DD to detect approximal caries was
the primary cause of creating the DDPen (Fig.1).

IFigure 1. The handpiece of the DDPen.

The DDPen follows the basic principles of the DD
model. The main difference is the design of its tip
which can be rotated to the longitudinal axis and
thus permitting the detection of approximal caries.
Also, DDPen uses the same optical sapphire fiber
for the distribution of radiation and the detection
of tooth fluorescence without the interference of
other optical fibers (Fig. 2).

Figure 2. The DDPen tip over an occlusal surface of a
molar.

Two different tips are available; a cylindrical one
(CYL) with a diameter of 1.1 mm and a conical one
(CON) with a diameter of 0.7mm. Although, the
diameter of the CON is about 0.3mm thinner than
that of DD and thus it would be expected to show
better accuracy on pits and fissures, it seems that
there is no significant difference between them?#
(Fig. 3).

IFigure 3. The different tips of the DDPen.

3.2.1. Accuracy and repeatability of DDPen
Lussi et al.*® compared in vitro the accuracy of
caries detection by DD and DDPen. In their study,
119 third molars, kept in frozen state at —ZOOC,
were examined. DDpen showed higher specificity
(0.71 t0 0.91) compared to the DD (0.69-0.79), but
relatively lower sensitivity (0.78 to 0.91) against the
latter (0.81 to 0.96).

The main limitation of the study is that only third
of the molars were used, whose occlusal surface
varies considerably in different individuals as
compared to other posterior teeth. Kuhnisch et
al.#" found that the reproducibility of DD of the
same examiner (0.89) was similar to that of DDPen
(0.88), while between different examiners reliability
(0.86) was noted.

Sinanoglou et al.*? evaluated in vivo the occlusal
surfaces of 217 permanent molars and premolars,
comparing the visual observation (ICDASII), DDPen
and bitewing radiography.

One week after the first measurements, the patients
were invited for re-examination and 82 teeth were
reassessed with the above-mentioned techniques.
Only the teeth with dentine caries were examined
(64 of 227) and the clinical depth of the lesion was
measured.

The reliability of DDPen was moderate to good,
with AUC 0.55-0.64, but noticeably inferior in
contrast to that of visual observation (AUC 0.71-
0.76) that reached higher specificity values than
sensitivity. At this point, it should be mentioned that
the results of the evaluation for visual observation
could have been affected by the subjective skills
and the level of the examiner's acquaintance with
the device."

Moreover, the device detection capability was
better for dentin caries (D3), a finding supported
by many other studies.*'>%3 The reproducibility for
DDPen between different examiners (0.61, 0.65)
and the same one (0.59. 0.65) was relatively low
(16.42).

It is worth noting that in the study by Seremidi
et al."”’ the teeth were stored in tap water for a
long time, which is likely to have an impact on the
fluorescence levels of the teeth.

The study by Achilleos et al.*® revealed low
sensitivity values (0.66-0.75) for DDPen, which
may be attributed to the fact that the study was
focused on the D1 level, where the performance
of this device is reduced compared to the D3
level. Additionally, the relatively small number of
samples® and the only one week period among
the two measurements were reported as limitations
of this study.

Mortensen et al.,* focusing on the level of D3,
showed high repeatability for DDPen between
different examiners (0.98). For COV=40, there
was a very high specificity (0.97) but very low
sensitivity (0.07). The authors support the idea that
if the manufacturer's COV are applied in clinical
practice, there will be a significant reduction of
overtreatment, but also the detection of caries in
D3 will be very low.
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4. Secondary Caries detection with DD and
DDPen devices

There are not many studies evaluating the
detection capability of DD and DDpen for
secondary caries, reported exclusively on the
occlusal surfaces of permanent dentition. In a
2014 study, four examiners with different clinical
and dental experience reviewed 60 posterior
teeth restored with composite resin, by visual
observation (Ekstrand criteria) and DDPen device.
The reproducibility among the different examiners
was very high (0.954). The researchers concluded
that DDPen is a reliable method for secondary
caries detection and should be combined with
the visual observation for the correct diagnosis of
secondary caries.®

Kositbowornchai et al.* investigated the detection
capability of DD, under occlusal composite
restorations, rather than tooth-resin interface.
From the 100 teeth examined, only half were
decayed and part of the caries was left on the
pulpal wall. All the teeth were restored with
composite resin (Z100 TM, 3 M, St. Paul, MN,
USA) and the steps of etching and bonding
were omitted. The repeatability values between
different examiners (from 0.60 to 0.77) were lower
than that of Hamishaki et al.,*> while for the DD
showed moderate sensitivity (0.74) and specificity
(0.84). AUC value of the DD was moderate to good
(0.79) and higher than that of digital radiography
(0.65). Also there was no statistically significant
difference in detection (p>0.05) between the two
means. So it was suggested that the amount of
fluorescence of composite resins does not affect
the measurements of DD. However, the device
is only recommended as an auxiliary means of
caries detection. These results are similar to an
in vitro study which examined the diagnostic
capability of DD in 66 teeth with secondary caries,
of which 48 were restored with amalgam and 18
with composite resin, where the sensibility was
0.77 and the specificity 0.81.47 In another in vivo
study, 30 molars were examined for the possible
development of secondary caries, 12 months after
the restoration with glass-ionomer cement and
amalgam. The diagnostic methods were the DD
and the radiographic control by using bitewing

References

radiographs. The statistically significant difference
between the minerals of dentin presented in all
evaluation periods (p>0.001) shows the highest
value before the removal of caries (0.74) and the
lowest value after 12 months (0.04). This study
evaluated the DD measurements only through
the demineralization rate of tooth without any
disclosing measured values of DD or the results of
sensitivity, specificity and reproducibility.*®

As aresult, although DD and DDPen show accurate
measurements with high repeatability for the
detection of secondary caries, most authors are
reluctant to their use compared to primary means
such as the visual and radiographic examination
proposing their combined use.

5. Conclusions

DD and DDPen are useful methods for occlusal
caries detection. Their main advantages are the
high reproducibility of measurements (>0.90), the
ease of handling, the quantification of the carious
lesions and the monitoring ability. However,
they present significant limitations, such as the
relatively low specificity for enamel lesions, the
necessity of absence of stains, plaque and pastes
during measurements and the absence of a single,
clinically functional calibration value (COV). These
limitations support the view that these means are
to be used as auxiliary in detecting or monitoring
caries lesions of questionable activity. Ideally,
all optical and digital caries detection methods
should have sensitivity, specificity, accuracy,
repeatability, easiness in handling and access to all
tooth surfaces. Nowadays, under the scope of the
minimally invasive dentistry, it seems necessary
for professionals to know and use both traditional
and newer methods for incipient caries’ detection
in order to avoid overtreatment. As in vivo and in
vitro data are based on methodological limitations,
further studies should be conducted estimating
the previous limitations and proceed with a more
accurate evaluation of the specific devices.
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Hidden caries are predominantely found in:
d a. |Incisors;
Q b. Canines;

O c. Premolars;
Q d. Molars.

The caries diagnosis in everyday clinical practice is based on:

O a. Visual inspection;

Q b. Laserfluorescence;

O c. Visible spectrum fluorescence;
Q d. Infrared radiation.

The most appropriate wavelength for the detection of incipient caries by laser fluorescence is:

Q a. 337nm;

Q b. 488 nm;

Q c. 515nm;

Q d. 633nm.

Which are the most appropriate Cut-Off Values of the DIAGNOdent for dentin caries:
Q a 0-13;

QO b. 14-20;

a c 21-29;

Q d. 20-29.
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Introduction: The assessment of dental displacement achieved by orthodontic procedures is important
as it allows operators to verify their clinical treatment and provide adequate adjustments. Modern 3D
image acquisition and elaboration systems may represent a valid method for the three-dimensional
assessment of dental movement.

A novel protocol for the 3D assessment of success of orthodontic therapy is proposed, based on
registration of surfaces.

Methdology: Pairs of casts of the upper dental arch, taken at two different time periods during the
therapy, were chosen for three patients who underwent an orthodontic treatment. Dental casts were
scanned by a 3D laser scanner: for each patient, the two 3D models were then registered according to
the least distance at the area including palatal rugae. The chromatic map of changes within the dental
arch and the RMS (Root Mean Square) point-to-point distance between the dental profiles from the two
models were obtained, and compared with the same data from a control group including five adult
individuals who did not undergo orthodontic therapy. Inter- and intra-observer errors were evaluated
as well.

Results: The novel procedure proved to be repeatable and gave a detailed description of those dental
areas most affected by orthodontic therapy: RMS values seem to be related with the weight of dental
modifications and are far higher than the same parameters computed in the control group.

Conclusion: Further studies are needed in order to explore the possible correlation of RMS value with
clinical parameters linked to the improvement of dental function and aesthetics due to orthodontic
therapy.

Keywords: orthodontics, dental anatomy, laser scanner, RMS (root mean square).

1. Introduction

Orthodontics represents one of the most
sensitive fields of research in dentistry, where
the technological developments and treatment
modalities are constantly applied in order
to ameliorate anatomical and functional
characteristics of the dental and facial profile.’

During the past century orthodontic techniques
have been developed in order to obtain more
controlled and faster movement of dental
elements: the main tasks are the improvement
of dental occlusion and function, anatomical
stability and facial aesthetics.” However, an
important issue concerns the assessment of
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QUANTIFICATION OF DENTAL MOVEMENTS IN ORTHODONTIC FOLLOW-UP:
A NOVEL APPROACH BASED ON REGISTRATION OF 3D MODELS OF DENTAL CASTS

Figure 1. 3D model of a dental cast and selection of
area including palatal rugae.

Figure 3. Example of chromatic map according
to point-to-point distance between the two 3D
models: blue areas are more vestibularized,
whereas red and yellow areas are less
vestibularized in the last cast than in the first one.

dental displacement due to orthodontic devices
for verifying the success of therapy and provide
adequate corrections. Most of these procedures
are based on X-ray examinations (OPG or
cephalometric radiographs.”® In the last years
modern 3D image acquisition systems, already
applied to the study of facial modifications caused
by dental displacement,* have been used also to
detect the characteristics of dental movements.
The main advantage concerns the chance of
performing a three-dimensional assessment
of dental morphology, more informative than
the traditional radiological methods which are
mainly based on the analysis of displacement
of single landmarks or dental two-dimensional
profile. In addition metrical measurements taken
on digital models have been widely tested and
proved to be reliable, with a high concordance
with measurements taken directly on the plaster
models.>” However, surprisingly very few studies
have tested 3D image acquisition systems so
far for assessment of orthodontic therapies: an
example was provided by Thiruvenkatachari et
al. who first developed a protocol for 3D-3D
superimposition of three-dimensional models of
dental casts acquired through a laser scanner.®

Figure 2. Example of registration according to area of
palatal rugae: in white the earlier cast, in light blue the
more recent one.

This procedure is based on the registration of
3D models of casts performed at different times
and registration of surfaces according to the least
point-to-point distance between the respective
surfaces including palatal rugae. Displacement of
molars was then assessed according to possible
movements of their center of mass as calculated
by the software.® The authors state that the use
of laser scanner provides accurate and reliable
measurements of dental displacement and
might be a valid alternative to cephalometric
radiographs.® However, the potential advantages
which may derive from 3D-3D superimposition
techniques have still to be explored: for example,
the previously cited study took only the center
of mass of the tooth into consideration, whereas
techniques of registration may give information
on the displacement of the entire surface of the
dental crown, with a more anatomically adherent
evaluation of dental arch modifications. In addition,
the assessment of the translation of dental center
of mass does not take into consideration the entire
range of movements which may affectthe 3D dental
surface, such as rotation. A possible alternative is
given by modern 3D image elaboration software,
which are able to provide the registration of 3D
surfaces and metrical parameters useful to assess
the discordance between two models, expressed
in terms of point-to-point mean and RMS (Root
Mean Square) distance. In addition, the same
procedure can generate a chromatic sheet able to
immediately highlight areas affected by possible
modifications.”'® These procedures may represent
a novel point of view for the assessment of dental
movements in orthodontic procedures.

The present article aims at exposing a protocol for
3D-3D registration of three-dimensional models
of dental casts for the quantification of dental
displacements, based on the calculation of point-
to-point distance between two surfaces. This may
provide additional information for evaluating the
success of therapy and orthodontic procedures.

2. Materials and methods
Casts of the upper dental were chosen from three
patients aged from 10 to 15 years who underwent

Stoma Edu J. 2017;4(1):53-59. http://www.stomaeduj.com
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Figure 4. First patient: on the left, the 3D model from the first cast, showing a malposition of both canines; on the
right, the 3D model from the second cast, after one year and the removal of the second premolar on the right side
and the first on the left side, and consequent realignment of canines.

Figure 5. first patient, chromatic map of modifications of dental surfaces from the left side between the two casts
(on the left vestibular surface, on the right lingual surface): blue areas are more vestibularized in the last cast, vice
versa for the red and yellow areas. Green areas (including the first and second molar) remained unchanged.

an orthodontic treatment in a private dental office:
all the patients were IOTN (index of orthodontics
treatment needs) <3."" At least two dental casts
were available for each patient, taken at different
time periods during the therapy. The casts were
scanned by a 3D laser scanner (iSeries, Dental
Wings©, Montreal, Canada). According to the
manufacter, the precision of the instrument is 15
pm. The 3D models were then elaborated through
VAM®O software (Canfield Scientific, Inc., Fairfield,
NJ): first the palatal area including palatal rugae
was manually selected in both surfaces (Fig. 1);
then the software was requested to automatically
register the two models in order to reach the
minimum point-to-point distance between the
selected areas (Fig. 2). Once the registration
between the two surfaces was reached, the
dental arch (dental crown surfaces) was manually
defined on the 3D model obtained from the
more recent cast, and a Region of Interest (Rol)
was obtained. The software was then requested
to select the Rol and to calculate the point-to
point mean distance and RMS value (Root Mean
Square) of the two models within the selected
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Rol. Mean values consider together positive and
negative movements, whereas RMS values are all
positive, and can provide a complete evaluation
of the variations between two dental scans.
Together with these quantitative parameters,
a chromatic map of surface modifications of
dental element extracted from the more recent
dental cast is provided, with areas coloured in
blue, green and red: the blue areas are more
vestibularized in the last cast than in the earlier
one, whereas the red areas are less vestibularized.
Green areas do not show modifications between
the two casts (Fig. 3). To test the method on
a control group, the same procedure was
applied on the dental arch models of five
adult patients aged over 18 years who had
longitudinal records taken but where no dental
movements or modifications were expected.
Time elapsed between the two casts was 1.5 years
on average. The same procedures of registration,
Rol selection, and calculation of RMS values on the
control group was repeated by the same operator
and by another observer: intra- and inter-observer
differences were statistically assessed by Student’s



QUANTIFICATION OF DENTAL MOVEMENTS IN ORTHODONTIC FOLLOW-UP:
A NOVEL APPROACH BASED ON REGISTRATION OF 3D MODELS OF DENTAL CASTS

Table 1. Details of dental modifications between the two casts in the three analysed patients, and comparison of

correspondent RMS values with the control group.

Average point-

First cast Second cast RMS value =g
to-point distance

malposition of 3 teeth removal of two teeth

Patient 1 po L adjustment of malposition 1.61Tmm 1.07 mm
distal rotation of central incisors . -

realignment of central incisors

Patient 2 malposition of a tooth adjustment of malposition 113 mm 0.24 mm

Patient 3 d|sta! rotation of.central incisors | correction of.central incisors 0.98 mm 0.26 mm
right canine in eruption right canine erupted

Control 0.26 mm 0.02 mm

group (SD: 0.06 mm) '

Figure 6. Second patient: on the left, the 3D model from the first cast, showing a malposition of the left canine;
on the right, the 3D model from the second cast, after orthodontic therapy.

Figure 7. Second patient. Chromatic map of
modifications of dental surfaces between the two
casts: blue areas are more vestibularized in the second
cast, vice versa for the red and yellow areas. Green
areas remained unchanged.

t test (p<0.01). In addition the technical error of
measurement (TEM) was evaluated.

3. Results

In the group of control subjects, on average
the RMS value was 0.26 mm (SD: 0.06). No
statistically significant differences were observed
between measurements taken by the same
operator or different observers (p>0.01).

The technical error of measurement (TEM) was
respectively 6.1% for intra-observer error and
9.6% for inter-observer error.

The first analysed patient was a female aged 12
years. She had a malposition involving both the
canines and the second premolar on the right
side. The orthodontic treatment was based on the
removal of the second premolar on the right side
and the first on the left side and the application
of an orthodontic device, as shown by the second
cast performed after one year (Fig. 4).

The registration and calculation of point-to-point
distances between the two models highlights
the mesial rotation of the lateral incisors and
realignment of the canine, whereas the molars did
not show any appreciable modification (Fig. 5). In
addition the method was able to verify the novel
orientation of the second premolar; mean RMS
value between the dental profiles from the two 3D
scans amounted up to 1.61 mm.

The second patient, a female aged 11 years,
showed a malposition of the left canine: the
application of an orthodontic device was able to
produce an adjustment of the canine position, as
shown by the second cast taken after four years
(Fig. 6).

The procedures of registration were able to verify
the vestibular translation of all dental elements,

Stoma Edu J. 2017;4(1):53-59. http://www.stomaeduj.com
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Figure 8. Third patient: on the left, the 3D model from the first cast, showing a malposition of the left
canine; on the right, the 3D model from the second cast, after orthodontic therapy.

Figure 9. Third patient, chromatic map of
modifications of dental surfaces between the two
casts: blue areas are more prominent in the last
cast, vice versa for the red and yellow areas. Most
of modifications can be observed on the left central
incisor and the left canine.

but for the left canine which remained in the same
position and was realigned within the dental
arch (Fig. 7). In addition, the method was able to
accurate describe the novel presence of brackets
and wire in the second cast, correctly assessed in
blue areas (more vestibularized in the second cast
than in the first one). The average RMS value was
1.13 mm.

The third patient was an 11 year old girl, who was
chosen in order to test the detectability of lesser
dental displacements like pathological overjet
value. In detail, the central incisors were distally
rotated, whereas the right canine was still erupting
with the exposition of the tip. In the second cast,
after orthodontic therapy, the central incisors were
medially oriented, whereas the canine crown was
erupted and in correct occlusion. The second cast
was taken after four years.

The registration procedure correctly assessed the
change in orientation of the left central incisor: in
addition, the eruption of the canine was detected
as well (Fig. 9); RMS value was 0.98 mm.

Stomatology Edu Journal

Interestingly, RMS value increased with the entity
of dental displacement and number of involved
teeth, and was in every case significantly higher
than the same parameter shown by the control
group (Table 1).

4. Discussion

In the last century orthodontics has seen a
progressive update of technologies and clinical
procedures, with an amelioration of dental position,
functionality and aesthetics.” On the other side, a
parallel issue concerns the assessment of dental
displacement powered by orthodontic therapy,
in order to verify the clinical success and provide
corrections. Surprisingly, although the constant
development of 3D image acquisition systems
has represented a crucial revolution in dentistry,
their application to the field of orthodontics is still
at the beginning and most of their potentiality
remains to be explored.® An example is provided
by Thirvenkatachari et al. who proposed a
protocol for the registration of 3D surfaces and
calculation of displacement of the center of
mass of dental elements.® This type of approach
provides a metrical information but is not able
to predict the modifications of the entire dental
surfaces, especially where the movements do not
consider dental translation. Another important
aspect concerns the morphological assessment of
dental movements, which may give an additional
information for the evaluation of orthodontic
therapies.

The present protocol may represent a proposal
for an innovative analysis of dental movements:
registration is based on the morphology of palatal
rugae which are stable with time'?"® and have
been already used as reference point in 3D-3D
superimposition of dental arches.’ The procedure
is repeatable and provides both morphological
and metrical analyses of dental movements.
The chromatic map of dental arches can give
information concerning the specific movement
of each dental element (rotation, translation or
inclination), immediately readable by the operator.
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On the other side, RMS value provides a reliable
indication concerning the differences between
the two casts, which seems to be adherent to
the importance of modifications suffered by
the patients. In addition, patients who were not
treated from an orthodontic point of view, show
lower RMS parameters, and this suggests that the
metrical parameter is strictly linked to the general
modification of the 3D position of dental crowns.

Some limits should be acknowledged:
first,  modifications  highlighted by the
registration procedures consider also
dental eruption, and therefore are
partly explained by orthodontic therapy.
A possible improvement may consider the

elaboration of each dental element, in order to
separately consider already erupted elements.

Another important limit concerns the possible
correlation of RMS with clinical parameters linked

References

to the gain in dental function and aesthetics due to
orthodontic therapy. This point is crucial, as it may
verify if RMS value in registration of 3D models
of dental cases do represent a potentially useful
clinical parameter for assessing the success of
therapy.

5. Conclusions

In conclusion, a novel protocol for the assessment
of dental displacement in orthodontic therapy is
proposed: further studies on a large sample of
patients may provide additional information about
the clinical advantages which may derive from its
application.

Acknowledgments

The authors declare no conflict of interest related
to this study. There are no conflicts of interest and
no financial interests to be disclosed.

1. Ghafari GG. Centennial inventory: the changing face
of orthodontics. Am J Orthod Dentofacial Orthop.
2015;148(5):732-739.  doi: 10.1016/j.ajod0.2015.08.011.
[Full text links] [PubMed] Google Scholar (5) Scopus (3)

2. Bansal A, Prakash AT, Deepthi, Naik A. A noble, easy and
conceptual radiographic analysis to assess the type of
tooth movement (molar distalization). J Clin Diagn Res.
2015;9(8):2C22-25. doi:  10.7860/JCDR/2015/13123.6286.
[Free PMC Article] [PubMed] Google Scholar (0)

3. Jabbal A, Coboumne M, Donaldson N, Bister D.
Assessing  lower  incisor inclination  change: a
comparison of four cephalometric methods. Eur J
Orthod.  2016;38(2):184-189.  doi:  10.1093/ejo/cjv027

[Full text links] [Free PMC Article] [PubMed] Google Scholar (4)
Scopus (1)

4. RosatiR,DeMenezesM,daSilvaAMetal.Stereophotogrammetric
evaluaton  of  tooth-induced  labial  protrusion. J
Prosthodont. 2014;23(5):347-352. doi:  10.1111/jopr.12135
[Full text links] [PubMed] Google Scholar (3) Scopus (3)

5. Kim J, Lagravere MO. Accuracy of Bolton analysis measured in
laser scanned digital models compared with plaster models(gold
standard)and cone-beamcomputertomographyimages.Korean
J Orthod. 2016;46(1):13-19. doi: 10.4041/kjod.2016.46.1.13.
[Full text links] [Free PMC Article] [PubMed] Google Scholar (9)

6. Kusnoto B, Evans CA. Reliability of a 3D surface
laser scanner for orthodontic applications. Am J
Orthod Dentofacial Orthop 2002;122(4):342-348.

[Full text links] [PubMed] Google Scholar (219) Scopus (131)

7. Hayashi K, Sachdeva AU, Saitoh S, et al. Assessment
of the accuracy and reliability of new 3-dimensional
scanning device. Am J Orthod Dentofacial Orthop.
2013;144(4):619-625. doi: 10.1016/j.ajodo.2013.04.021.
[Full text links] [PubMed] Google Scholar (40) Scopus (15)

8.  Thiruvenkatachari B, Al-Abdallah M, Akram NC, Sandler J,
O'Brien K. Measuring 3-dimensional tooth movement with a
3-dimensional surface laser scanner. Am J Orthod Dentofacial
Orthop.2009;135(4):480-485.doi: 10.1016/j.ajod0.2007.03.040.
[Full text links] [PubMed] Google Scholar (59) Scopus (25)

9. Gibelli D, De Angelis D, Poppa P, Sforza C, Cattaneo C.
An assessment of how facial mimicry can change facial
morphology: implications for identification. J Forensic
Sci. 2017;62(2):405-410. doi: 10.1111/1556-4029.13295.
[Full text links] [PubMed] Google Scholar (3) Scopus (0)

10. Gibelli D, De Angelis D, Poppa P, Sforza C, Cattaneo C. A view
to the future: a novel approach for 3D-3D superimposition
and quantification of differences for identification from
next-generation video surveillance systems. J Forensic
Sci. 2017,62(2):457-461. doi:  10.1111/1556-4029.13290.
[Full text links] [PubMed] Google Scholar (3)

11.  Brook PH, Shaw WC.The development of an index of orthodontic
treatment priority. Eur J Orthod. 1989;11(3):309-320.
[PubMed] Google Scholar (949) Scopus (481)

12. English  WR, Summitt JB, Oesterle LJ, Brannon
RB, Morlang WM. Individuality of human palatal
rugae. J Forensic Sci. 1988;33(3):718-726.
[PubMed] Google Scholar (153) Scopus (68)

13. Lysell L Plicae palatinae trasversae  and
incisiva in man; a morphologic
Acta Odontol Scand. 1955;
[PubMed] Google Scholar (103)

14. Jang |, Tanaka M, Koga Y, et al. A novel method for the

papilla
and genetic study.
(Suppl. 18):5-137.

assessment  of  three-dimensional  tooth  movement
during orthodontic treatment. Angle Orthod.
2009;79(3):447-453. doi: 10.2319/042308-225.1.

[Full text links] [PubMed] Google Scholar (59) Scopus (32)

Daniele Maria GIBELLI
MD, PhD

Dipartimento di Scienze Biomediche per la Salute

Universita degli Studi di Milano

Via Mangiagalli 31, 1-20133, Milano, Italy

Daniele Maria Gibelli is a researcher in Human Anatomy in Universita degli Studi di Milano (Department of
Biomedical Sciences for Health). His fields of research are the morphological and metrical assessment of
anatomical characteristics of bones and teeth, including the anatomical dimorphism, their modification with
age, ethnic variability and the analysis of individualizing characteristics. He deals also with the analysis of
facial anatomy both in healthy and pathological conditions, for studies concerning the assessment of facial
symmetry, modifications with mimicry and anatomical uniqueness of facial structures.

Stoma Edu J. 2017;4(1):53-59. http://www.stomaeduj.com


http://linkinghub.elsevier.com/retrieve/pii/S0889-5406(15)00994-4
https://www.ncbi.nlm.nih.gov/pubmed/26522032
https://scholar.google.com/scholar?cluster=7999464981501168441&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-84946040629&origin=resultslist&sort=plf-t&src=s&st1=Centennial+inventory%3a+the+changing+face+of+orthodontics&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=62&s=TITLE%28Centennial+inventory%3a+the+changing+face+of+orthodontics%29&relpos=0&citeCnt=3&searchTerm=
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26436040/
https://www.ncbi.nlm.nih.gov/pubmed/26436040
https://scholar.google.com/scholar?cluster=9320877577482124542&hl=en&as_sdt=0,5
https://academic.oup.com/ejo/article-lookup/doi/10.1093/ejo/cjv027
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25888531/
https://www.ncbi.nlm.nih.gov/pubmed/25888531
https://scholar.google.com/scholar?cluster=10831377474490289852&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-84963984086&origin=resultslist&sort=plf-t&src=s&st1=Assessing+lower+incisor+inclination+change%3a+a+comparison+of+four+cephalometric+methods&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=93&s=TITLE%28Assessing+lower+incisor+inclination+change%3a+a+comparison+of+four+cephalometric+methods%29&relpos=0&citeCnt=1&searchTerm=
http://dx.doi.org/10.1111/jopr.12135
1)%09https:/www.ncbi.nlm.nih.gov/pubmed/24495106
https://scholar.google.com/scholar?cluster=11488549184881088619&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-84904337793&origin=resultslist&sort=plf-t&src=s&st1=Stereophotogrammetric+evaluation+of+tooth-induced+labial+protrusion.&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=75&s=TITLE%28Stereophotogrammetric+evaluation+of+tooth-induced+labial+protrusion.%29&relpos=0&citeCnt=3&searchTerm=
https://e-kjo.org/DOIx.php?id=10.4041/kjod.2016.46.1.13
https://www.ncbi.nlm.nih.gov/pubmed/26877978
https://scholar.google.com/scholar?cluster=16158784470883036429&hl=en&as_sdt=0,5
http://linkinghub.elsevier.com/retrieve/pii/S0889540602000835
https://www.ncbi.nlm.nih.gov/pubmed/12411877
https://scholar.google.com/scholar?cluster=2863501330372373751&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036781721&origin=resultslist&sort=plf-f&src=s&st1=Reliability+of+a+3D+surface+laser+scanner+for+orthodontic+applications.&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=78&s=TITLE%28Reliability+of+a+3D+surface+laser+scanner+for+orthodontic+applications.%29&relpos=0&citeCnt=131&searchTerm=
http://linkinghub.elsevier.com/retrieve/pii/S0889-5406(13)00658-6
https://www.ncbi.nlm.nih.gov/pubmed/24075671
https://scholar.google.com/scholar?cluster=14575378382331929893&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-84884829758&origin=resultslist&sort=plf-t&src=s&st1=Assessment+of+the+accuracy+and+reliability+of+new+3-dimensional+scanning+device&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=86&s=TITLE%28Assessment+of+the+accuracy+and+reliability+of+new+3-dimensional+scanning+device%29&relpos=0&citeCnt=15&searchTerm=
http://linkinghub.elsevier.com/retrieve/pii/S0889-5406(08)01081-0
https://www.ncbi.nlm.nih.gov/pubmed/19361734
https://scholar.google.com/scholar?cluster=17741331858181937857&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-63749101096&origin=resultslist&sort=plf-t&src=s&st1=Measuring+3-dimensional+tooth+movement+with+a+3-dimensional+surface+laser+scanner&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=88&s=TITLE%28Measuring+3-dimensional+tooth+movement+with+a+3-dimensional+surface+laser+scanner%29&relpos=0&citeCnt=25&searchTerm=
http://dx.doi.org/10.1111/1556-4029.13295
https://www.ncbi.nlm.nih.gov/pubmed/27907238
https://scholar.google.com/scholar?cluster=16622561542777710002&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-85006312571&origin=resultslist&sort=plf-t&src=s&st1=.+An+assessment+of+how+facial+mimicry+can+change+facial+morphology%3a+implications+for+identification&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=106&s=TITLE%28.+An+assessment+of+how+facial+mimicry+can+change+facial+morphology%3a+implications+for+identification%29&relpos=0&citeCnt=0&searchTerm=
http://dx.doi.org/10.1111/1556-4029.13290
https://www.ncbi.nlm.nih.gov/pubmed/27892601
https://scholar.google.com/scholar?cluster=7060195796494758524&hl=en&as_sdt=0,5
https://www.ncbi.nlm.nih.gov/pubmed/2792220
https://www.ncbi.nlm.nih.gov/pubmed/2792220
https://www.ncbi.nlm.nih.gov/pubmed/2792220
https://scholar.google.com/scholar?cluster=17301361991891072741&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-0024713835&origin=resultslist&sort=plf-t&src=s&st1=The+development+of+an+index+of+orthodontic+treatment+priority.+&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=70&s=TITLE%28The+development+of+an+index+of+orthodontic+treatment+priority.+%29&relpos=0&citeCnt=481&searchTerm=
https://www.ncbi.nlm.nih.gov/pubmed/3385381
https://scholar.google.com/scholar?cluster=16037746810949132173&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-0023918004&origin=resultslist&sort=plf-t&src=s&st1=Individuality+of+human+palatal+rugae.&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=44&s=TITLE%28Individuality+of+human+palatal+rugae.%29&relpos=0&citeCnt=68&searchTerm=
https://www.ncbi.nlm.nih.gov/pubmed/14387629
https://scholar.google.com/scholar?cluster=10941788001658547888&hl=en&as_sdt=0,5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jang I%5BAuthor%5D&cauthor=true&cauthor_uid=19413387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanaka M%5BAuthor%5D&cauthor=true&cauthor_uid=19413387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koga Y%5BAuthor%5D&cauthor=true&cauthor_uid=19413387
http://www.angle.org/doi/10.2319/042308-225.1?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://www.ncbi.nlm.nih.gov/pubmed/19413387
https://scholar.google.com/scholar?cluster=1534044412853556926&hl=en&as_sdt=0,5
https://www.scopus.com/record/display.uri?eid=2-s2.0-67649935332&origin=resultslist&sort=plf-t&src=s&st1=A+novel+method+for+the+assessment+of+three-dimensional+tooth+movement+during+orthodontic+treatment.+&st2=&sid=d493dec8ce05e49c811a3692c47b0a0b&sot=b&sdt=b&sl=107&s=TITLE%28A+novel+method+for+the+assessment+of+three-dimensional+tooth+movement+during+orthodontic+treatment.+%29&relpos=0&citeCnt=32&searchTerm=

QUANTIFICATION OF DENTAL MOVEMENTS IN ORTHODONTIC FOLLOW-UP:
A NOVEL APPROACH BASED ON REGISTRATION OF 3D MODELS OF DENTAL CASTS

Which instruments can be used to obtain a 3D virtual model of dental arches?

O a. Laserscans;

O b. Ultrasounds;

O c. Conventional orthopantomographs;
O d. Bite wing radiographs.

Which kind of modifications can be assessed on 3D virtual model of dental arches?

O a. Dental root reabsorption;

Q b. Parodontal alterations;

O c. Dental crown movements;

O d. Temporomandibular disorders.

In the current study we assessed

O a. Three edentulous patients;

O b. Seven patients with deciduous dentition;

O c. Two patients submitted to orthognathic surgery;
O d. Three adolescent patients.

In the current study, we superimposed 3D virtual models of dental arches using

a. The vestibular surface of anterior teeth;

b. The palatal area including palatal rugae;

c.  The lingual surface of mandibular incisors;

d. The occlusal surface of maxillary first molars.
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NOT BEEN PROSTHETICALLY RESTORED?

Arieh Shifman', Shlomo Calderon®*

"Department of Oral Rehabilitation, Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel
2Department of Oral and Maxillofacial Surgery, Rabin Medical Center, Beilinson Hospital, Petah Tikva, Israel

*DMD, Senior Clinical Lecturer
DMD, Professor

Presented by Prof. Shlomo Calderon before the International College of Prosthodontists, Biennial Congress Torino, Italy, September 2013

Received: April 04,2016

Revised: May 04, 2016
Accepted: May 20, 2016
Published: May 23,2016

Academic Editor: Heinz Kniha, DDS, MD, PhD, Associate Professor, Ludwig-Maximilians- Miinchen University, Miinchen, Germany

Cite this article:
Shifman A, Calderon S. Do posterior teeth supra-erupt when opposite resected segments have not been prosthetically restored? Stoma Edu J.
2017;4(1):60-65.
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Introduction: The aim of this study was to assess the rate and timing of possible supra-eruption of
posterior teeth opposing resected segments in a select maxillofacial group of postsurgical patients.
Methodology: Twenty patients were included. 16 underwent simultaneous segmental mandibular
resections and iliac bone graft reconstructions. The remaining 4 had partial maxillary resections with
primary closure of the defect. No patient received any prosthetic restoration. Clinical photographs
and radiographs at the last follow-up examinations were compared by superimposition to those
obtained initially (mean 6.9 years).

Results: The results of this longitudinal retrospective study showed that not even slight supra-
eruption had occurred in any of the 16 patients.

Conclusion: These findings are discussed with regard to their possible cause and prosthodontic

implications.

Keywords: super-eruption, supra-eruption, occlusion, unopposed molars, resected segments.

1. Introduction

Postsurgical maxillofacial patients occasionally
remain without further prosthetic treatment.
Patients may prefer not to undergo restorative
treatment for a variety of reasons, including
lack of perceived esthetic impairment where
only posterior segments are involved, limited
functional impairment, reluctance to undergo
additional surgery and also for reasons of financial
constraints.

In a study reporting on a group of 28 patients who
underwent ablative tumor surgery and mandibular
reconstructions with osseocutaneous fibula free
flap 13 patients were postoperatively rehabilitated
with implant-supported prostheses, whereas 18
patients had no dental prosthetic rehabilitation.’
These authors conclude that oral functions such
as speech, diet tolerance and oral competence
were not directly affected by the presence of
prosthetic restorations. A decisive factor affecting

oral function in these patients was the extent of
soft-tissue loss.

In lieu of the accepted notion that the presence
of molar teeth is essential for proper masticatory
function and occlusal stability,>* the shortened
dental arch (SDA) concept emerged as paradigm
shift, namely that two bilateral pairs of occlusal
contacts (premolar occlusion) are sufficient for
these functions.>’ Studies have shown that no
marked adverse outcome has been displayed
in SDA cases, such as temporomandibular (TM)
overloading and TM disorders or parameters
related to occlusal stability in the SDA arch
(interdental spacing in the premolar area, overbite,
increased wear of the remaining anterior teeth, or
loss of alveolar bone supporting these teeth.>”
Nonetheless, little attention has been given in the
literature to possible supra-eruption (SE) of molar
teeth in the opposing dental arch. Kiliaridis et al.?
examined 84 unopposed molars in 53 patients
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and found that 15 teeth (18%) revealed no signs
of SE, 49 teeth (58%) displayed SE of less than
2mm, whereas 20 teeth (24%) showed moderate
to severe SE. Craddock and Youngson? examined
155 unopposed sites in 120 subjects and found
the rate of SE in 83% of the sites. However, in both
studies, the pattern of missing teeth was ill-defined
and probably not displaying SDA situations.

In a questionnaire study of 200 Swedish dentists
presented with a drawing of an SDA in the
mandible in a virtual case, 85% of them suggested
that marked SE of the maxillary molars would
occur, whereas 13% believed in minor changes.®
In a large sample of patients with SDA and extreme
SDA, Sarita et al. found that SE of unopposed teeth
was absentor mildin 12%, severe in 32% and to the
opposing residual ridge (severe SE) in 56% of the
subjects.’ However, the authors did not provide
data with regard to the pattern of posterior tooth
loss, though alluding to gradual tooth loss in their
studly.

The aim of the present study was to assess the rate
and timing of possible SE of unopposed posterior
teeth in a select group of postsurgical patients.

2. Methodology

2.1. Subjects

The study group included consecutive patients
who were hospitalized in the Department of Oral
and Maxillofacial Surgery, Beilinson Campus,
Rabin Medical Center, Israel, during the 1990-
2009 period. The study protocol was reviewed and
approved by the Rabin Medical Center Institutional
Ethical Committee and in accordance with the
Helsinki Declaration of 1975, as revised in 2000.
Medical data such as clinical photographs,
radiographs, type of surgical procedures and
histopathological findings, were gleaned from
hospital records. The inclusion criteria were: (1)
surgical resection of a tumor in a posterior region
of one of the jaws limited to bone and attached soft
tissues; (2) immediate mandibular reconstruction
of non-continuity defects or alternatively, primary
surgical closure of a maxillary defect; (3) no
adjuvant therapy such as radiation therapy or
chemotherapy; (4) no signs of temporomandibular
disorders; (5) sound dentition with minimal
restorations; (6) normal occlusion with good
intercuspation; (7) no postoperative prosthodontic
treatment and (8) keeping long-term follow-up
visits.

2.2. Diagnostic evaluation

The complete evaluation of each patient was made
atthe preoperative stage. Frontal and lateral views
of the face of the patient was photographed using
a Nikon SLR regular end digital camera with 1:1
macro lens (105/2.8 Nikon macro lens focusing at
1.2 meters). Intraoral photographs of the dentition
in maximal intercuspation and semi-open position
were taken at a distance of 30 cm with 22 lens
aperture with the same camera. Other imaging
modalities such as CT, MRI, ultrasonography or
angiography were rarely indicated for a complete
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evaluation of the individual patient and have
not been used in this study. Initial and follow up
orthopantomographic radiographs were obtained
for all cases.

2.3. Surgical procedures

In the mandible, under general anesthesia via
using a naso-endotracheal intubation, segmental
resection of the lesion was carried out by the
combined intra and extraoral approach (modified
Risdon or submandibular approach). Intraoral
wounds were closed by watertide locking and
interupted sutures. Mandibular fragments were
positioned by maxillo-mandibular fixation in
maximal intercuspation, secured by Eric arch
bars. Mandibular continuity was restored by using
titanium reconstruction plates (DePuy Synthes
Companies, West Chester, PA 19380, USA; Stryker
Global Headquarters, Kalamazoo, Ml 49002, USA).
Full body or hollow screws were used to secure
the fixation of mandibular stumps. 2" Cortico-
cancellous particulate bone was harvested from
the anterior iliac crest '* supported by a crib-form
allogenic split rib.”™> Soft tissues were closed by
layers. In the maxilla, using oro-endotracheal
intubation for general anesthesia, the lesion
was resected in toto. Primary surgical closure of
soft tissues was carried out, either by exploiting
the buccal pad of fat or by a palatal rotated
mucoperiosteal flap or a combination of both
was used to facilitate closure. In the vast majority
of patients, healing was uneventful, albeit in few
patients healing was prolonged but complete;
healing was spontaneous with the help of (or
using) antiseptic irrigations (0.2% chlorhexidine
gluconate).

2.4. Recall and documentation

Postoperatively, patients were placed on a regular
recall schedule namely, once every 3 months for
the first year and thereafter once a year.

Complete evaluation was made atthe preoperative
diagnostic stage.

Clinical photographs and radiographs at the last
recall visit were compared to those obtained
initially. Photographed slides were scanned by
Umax Power Lock Il scanner and some of the
older slides were copied by Nikon - E 28 Slide
Copying Adapter. Radiographs were scanned
and superimposed on PC graphic program and
the degree of supra eruption of the unopposed
segments evaluated.

3. Results

Twenty patients who were found to fulfill the
inclusion criteria were included in the study,
namely sixteen with mandibular involvement
(Table 1) and 4 patients with maxillary involvement.
(Table 2). The age of the patients ranged from 7
to 61 (mean 29.4) in the mandibular group and
from 11 to 61 (14.2) in the maxillary group. In most
patients ameloblastoma or its variants appeared
as a primary tumor of the jaws. In contrast as a
primary soft tissue pathosis, patients afflicted by
squamous cell carcinoma could not be enrolled in
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ITabIe 1. Mandibular Reconstruction Cases.

Resection

Name Age (yrs) Diagnosis Site Il
. Tooth
Location
1| sL 7 M Ameloblastic RTmand 15 13
fibroodontoma
2 | so 10 M Ameloblastic RT mand 13 13
fibroodontoma
S.S. 10 M Ossifying fibroma RT mand 45 7
4 CE 20 M Blast injury LT mand 33 "
5 YA, 20 F Ameloblastoma RTmand + M 14
condyle
6 KY. 20 M Odontogenic keratocyst | RTmand 45 7
7 CY. 22 F Ameloblastoma LT mand 33 35
8 AG. 26 M Ameloblastic fibroma RT mand 43 12
9 SHT. 30 F Giant cell tumor RT mand 41 10
10 G.E. 32 M Ameloblastoma LT mand 35 2.2
11 C.B. 33 F Ameloblastoma LT mand 33 13
12| DS 38 F Ameloblastoma RTmand + 42 5
condyle
13 RA. 40 F Aneurismal bone cyst RT mand 44 10
14 V.E. 42 F Ameloblastoma LT mand 33 2.3
15 | so 59 : Mucoepidermoid LT mand 35 4
carcinoma
16 RY. 61 M Giant cell tumor LT mand 31 7

ITabIe 2. Maxillary Reconstruction Cases.

R Distal Follow
No. Name Age (yrs) Diagnosis Site
. Tooth up (yrs)
Location
1] Ba 11 F Ameloblastic RT max 13 9
fibroodontoma
2 | oM 14 F Ameloblastic IT max 23 10
fibroodontoma
KY. 16 M Sialoodontogenic cyst RT max 13 4
4 M.M. 16 F Odontogenic myxoma LT max 22 10

this study. The results of this study showed that
not even slight SE had occurred in any patient.
This is seen in examples of cases in Figs 1-5. The
condition of the temporomandibular joints was
not evaluated.

4. Discussion

The results of this long term retrospective study
were unexpected. Super eruption had not
occurred apparently even slightly in any single
patient regardless of the age of the patient, the
location and extent of the surgical resection and
the follow up period.

These results are in contrast with those obtained
by Sarita et al.” However, in their study tooth loss
was gradual, whereas in our study loss of teeth
occurred in a single surgical procedure. As a result,
the tongue could immediately fill the intraoral
space created. It is conjectured that the lateral
aspect of the dorsum of the tongue came into
contact with the occlusal surface of the posterior
teeth and prevented their subsequent eruption.
Stabilization of the mandible during swallowing
that is normally affected by the occlusal intercuspal
contact is affected by closure onto the interposed
tongue.
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Figure 1. Ameloblastoma.

Figure 3. Six years post-operative. No supra-eruption
of the teeth opposing the resected section.

Moreover, it seems that the ventral surface of the
tongue can also function in this manner preventing
super eruption of mandibularteeth. Itis noteworthy
that super eruption did not occur in patients were
the surgical reduction extended beyond the
definition of the SDA to include premolars, canines
and even the incisor teeth. These situations may
be considered as unilateral ultra-shortened dental
arches. Even in patients who underwent partial
glossectomies, the remaining tongue appeared to
preserve oral function and hinder super eruption.
However, prosthetically augmenting the palate
for lowering the occlusal plane and thus enabling
the remaining tongue to keep the bolus over the
dorsal surface, is still advocated in some patients.
Further lowering the occlusal plane may bring
it below the maximum ability of the buccinators
contraction.'’

To summarize, within the limits of this study,
restoration of the posterior jaw defects merely
for prevention of future super eruption appears
unjustified. Thus the time-old principle by
DeVan “"Our objective should be the perpetual
preservation of what remains rather than the
meticulous restoration of what is missing.” is still
valid.™®
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Figure 2. Six Months post-operative. Repair with split
rib and reconstruction plate.

5. Conclusion

Posterior teeth opposing unrestored resected
segments of the maxilla or mandible did not supra-
erupt over long periods of time. It is speculated
that the interposition of the tongue to brace the
mandible on swallowing prevents the unopposed
molars and premolars from supra-erupting.

Figure 4. Ameloblastoma. Treated by hemi
mandibulectomy and restored with split rib and
reconstruction plates.

Figure 5. Twenty two years post operative. No supra-
eruption of the unopposed maxillary teeth opposite
the resected segment.
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DO POSTERIOR TEETH SUPRA-ERUPT WHEN OPPOSITE RESECTED SEGMENTS HAVE NOT BEEN
PROSTHETICALLY RESTORED?

A "shortened dental arch” is defined as:

O a. Anarchfrom canine to canine;

Q b. Anarch missing molar teeth;

O c. The presence of two bilateral pairs of occlusal contacts (premolar occlusion);
Q d. The presence of 10 teeth per arch contacting each other.

Immediate bony reconstruction of a posterior segmental mandibular resection, without
replacement of the lost teeth, leads to:

O a. Supra-eruption of the unopposed molars;

O b. No supra-eruption of the unopposed molars;

O c. Earlier loss of remaining teeth due to increased wear;
O d. Bilateral increase of the curve of Spee.

Which is not a possible adverse outcome of a shortened dental arch?

a. Bruxism;

b. Increased wear of the remaining anterior teeth;
c. Interdental spacing in the premolar area;

d. Temporo-mandibular-joint overload.

OCOo0oOo

After ablative surgery with immediate bony reconstruction, supra-eruption of unopposed
teeth is avoided because of:

a. Oldage;

b. Follow-up visits;

c. Tongue interposition;

d. Absence of any tooth filling.

o0o0oo
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ABSTRACT DOI: 10.25241/stomaeduj.2017.4(1).art.7

The aim of this study is to estimate the prevalence of malocclusions in a sample of 4-5-year-old
children.

Methodology: 471 boys and girls participated in this observational cross-sectional epidemiological
study. The presence of spacing, no spacing and crowding, anteroposterior, transverse and vertical
occlusion relationships was assessed and analyzed.

Results: Normal occlusal relationships were found in 35.6% of all children. Generalized spacing was
found in 78.2% of the subjects, followed by no spacing in 16.1% and crowding in 5.7%, respectively.
Class | canine relationship was found in 64.1% of the children, followed by Class Il in 29.1% and
Class lll in 9.6%. A flush terminal molar relationship was found in approximately 70% of the children,
followed by mesial and distal molar relationships equally distributed. An increased and decreased
overjet was observed in 9.5% and in 4.9% of the children. An anterior cross-bite was documented in
6.4% of all the examined children. An unilateral posterior cross-bite and a bilateral posterior cross-
bite were observed in 3.2% and in 1.5% of the sample. A posterior edge-to-edge bite was found in
1.9%. A normal overbite was found in 30.1% of all children; a deep bite with and without gingival
contact was registered in 27% and in 8.5% respectively; an anterior open bite was seen in 7.2% of
the children and a posterior open bite in 1.3%. The percentage of mandible lateral deviation cases
is 2.5%.

Conclusion: Due to the high prevalence of malocclusions with 64.4%, early attention may be given
to orthodontic prevention measures.

Keywords: cross-sectional study, occlusal relationship, prevalence, prevention, malocclusions.

1. Introduction are not regularly registered and analyzed. An

The last study conducted on the prevalence of
malocclusions in primary dentition in Bulgaria was
in the middle of the 80's, where almost all of the
children were included in organized contingents
and strictly examined by a dentistoran orthodontist
every year. At that time an oral health prevention
program was developed, which included
orthodontic services for the masses."? After the
change in health politics, this program is no longer
active and occlusal characteristics, prevalence and
the types of malocclusions in the primary dentition

optimal occlusion in primary dentition is essential
for the further development of the occlusion in the
permanent dentition.>*%¢ The current preventive
program for the Bulgarian children is mostly
orientated to caries prevention and according to
literature, caries-reducing measures are not likely
to have a significant influence on the formation of
malocclusions in primary dentition.”

We need some present-day data about the
prevalence of malocclusions in primary dentition
and the aim of this study is to estimate dental
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health, prevalence of malocclusions and orofacial
dysfunctions in a sample of 4-5-year-old Bulgarian
kindergarden children.

2. Methodology

The subjects were randomly selected from
different kindergardens in the city of Plovdiv.
Inclusion criteria were the existence of fully
developed primary dentition, no orthodontic
treatment, Caucasian origin and a parental
consent for participation in the study. A total of 471
boys and girls participated in this cross-sectional
epidemiological study. The study was approved by
the Ethics Committee of the Medical University -
Plovdiv (P-7781).

Apostgraduate studentin Orthodontics carried out
the entire diagnostic assessment of all the children.
A specific form was designed for the purpose of
this study which contains information about dental
health, individual occlusion findings and functional
status. All the findings were made under good
lighting conditions. The metric parameters were
recorded by using a metal ruler marked in 0.5
mm. In this paper, all the orthodontic findings will
be described and the following parameters have
been selected and analyzed:

The type of primary dentition was assessed as
follows: with generalized spaces between the
teeth and localized spaces (Type 1), no spaces
(Type 2) or a crowded dentition (Type 3).

The overjet was measured in mm as a distance
between the labial surface of the lower and upper
incisors. A distance of (0-3 mm) was defined as a
normal distance. An increased overjet was divided
into two groups (3-6mm) and (>6mm), and a
negative overjet (<Omm), all measured in mm.
An anterior cross-bite was registered when one
or more maxillary incisors or canines occluded
lingually to the mandibular incisors or canines.
The criteria described by Foster & Hamilton® were
used for the primary canine and molar relationship
assessment.

e Class | - the tip of the maxillary primary canine
tooth is in the same vertical plane as the distal of
the mandibular primary canine

e Class Il - the tip of the maxillary primary canine
tooth is anterior to the distal surface of the
mandibular primary canine.

e Class lll - the tip of the maxillary canine is
posterior to the distal surface of the mandibular
primary canine.

Terminal plane relationships of the second primary
molar:

e Flush terminal - The distal surfaces of the upper
and lower second primary molars are in the same
anteroposterior level.

e Mesial step - the maxillary terminal plane is
posterior to the mandibular terminal plane

e Distal step - the maxillary terminal plane is
anterior to the mandibular terminal plane.

Molar and canine occlusions for each child were
recorded separately for the left and the right sides
of the dentition.
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We have distinguished correct lateral occlusal
relationships, a unilateral and a bilateral cross bite,
a posterior edge-to-edge bite and a scissor bite.
An occlusion of the incisal edges was assessed
as an anterior edge-to-edge bite. An overbite
was graded according to the coverage of the
mandibular incisor by the most protruded
maxillary incisor. A normal one, when up to half of
the mandibular incisor is covered by the maxillary
incisor. An increased overbite, when more than
half of the mandibular incisor is covered by the
maxillary incisor. An overbite with gingival contact
was recorded when the mandibular incisor was
fully covered by the maxillary incisor and there was
a contact of the incisal edge with the gingiva. An
absence of a vertical overlap of the lower incisors
was described as an anterior open bite and
divided into two groups: moderate (<3mm) and
severe (>3mm).

Collection, evaluation and a statistical analysis of
the data were conducted using Microsoft® Excel
and SPSS Version 17.0 for Windows® (SPSS Inc.,
Chicago, IL., USA). Means and standard deviations
were determined as descriptive statistical values
in order to characterize univariate frequency
distributions of various variables. A comparison of
absolute frequencies of specific characteristics was
tested with Pearson'’s chi-square test. The statistical
significance was assessed at the 5% level.

3. Results

A total of 241 males and 230 females were
examined. Normal occlusion relationships were
found in 35.6% of the sample. 126 or 26.8% of the
children have one malocclusion, followed by 129
children or 27.4% with two malocclusions, 27 or
5.7% with three malocclusions and then 21 or 4.5%
with four malocclusions. The total distribution of
malocclusions is 64.4%.

The most prevalenttype of primary dentitionis Type
1 with 78.2 % (with spacing), followed by 16.1%
Type 2 (no spacing) and 5.7% Type 3 (crowding).
The gender comparison is shown in Table 1. There
is a statistically significant difference between girls
and boys in the distribution of spacing, no spacing
and crowding which is more prevalent in girls
(with spacing X2=13,308, no spacing X2= 10,429,
crowding X2=5,318).

The prevalence of overjet is shown in Table 2. A
total of 85.6% of all the children have a normal
overjet, 8.7% an increased overjet, 0.8% an
excessive overjet and 4.9% a decreased overjet.
Gender and age comparison of the normal,
increased and decreased overjet among 4 and
5-year-old boys and girls revealed no statistically
significant differences. An anterior cross-bite
was registered in 6.4% of all the children without
significant differences in age and sex.

The distribution of different sagittal relationships
of primary canine and second primary molars is
shown in Table 3 and respectively in Table 4. A
neutral occlusion of the primary canines was found
in 60 % of all children, a distal occlusion in 30%
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Table 1. Prevalence of spacing, no spacing and crowding in primary dentition.

I T N T R

Girls 172(74.8%) 50(21.7%) 8(3.5%) 230(100%)
Boys 196 (81.3%) 26(10.8%) 19(7.9%) 241(100%)
Total 368(78.2%) 76(16.1%) 27 (5.7%) 471(100 %)

Table 2. Prevalence of normal, increased and decreased overjet in 4- and 5-year old children.

4 years 138(87.9%) 6.4%) 1.3%) 4.5%) 157 (100%)
5 years 265 (84.4%) 31 (9.9%) (0.6%) 16 (5.1%) 314(100%)
Total 403 (85.6%) 41(8.7%) 4(0.8%) 23(4.9%) 471(100 %)

Table 3. Primary canine sagittal relationships.

m-m-m- -
A vears 102 157
y (58.6%) (65.0%) (28.7%) (23.6%) (12.7%) (11.5%) (100%)
5 vears 181 187 103 100 30 27 314
y (57.6%) (59.6%) (32.8%) (31.8%) (9.6%) (8.6%) (100%)
Total 273 289 148 137 50 45 471
(58.0%) (61.4%) (31.4%) (29.1%) (10.6%) (9.6%) (100 %)
Table 4. Second molar sagittal relationships.

Flush terminal ot
ota

m—m——
A vears 117 119 157
y (74.5%) (75.8%) (13.4%) (12.1%) (12.1%) (12.1%) (100%)
5 vears 213 222 52 43 51 47 314
y (67.8%) (70.7%) (16.6%) (13.7%) (16.2%) (15.0%) (100%)
Total 330 341 73 62 70 66 4an
(70.1%) (72.4%) (15.5%) (13.2%) (14.9%) (14.0%) (100 %)

and a mesiocclusion in 10 %. A distribution of a
flush terminal molar relationship in percentages
is 70.1% on the right side and 72.4% on the left
side of the examined subjects. The mesial step was
assessed as 15.5% on the right side and 13.2% on
the left side. And the distal step was assessed as
14.9% on the right side and respectively 14% on
the left side. There are no statistically significant
differences between gender in the primary canine
relationships and the second primary molar
relationships. But we found a statistically significant
increase in Class Il canine relationships between
the age groups (X2 = 3.479, p = 0.062).

A normal overbite was found in 30.1% of the
sample and an anterior edge-to-edge bite
existed in 27.2% of all the children, with no
significant differences between gender and age
in the subgroups. A moderate anterior open bite
(<3mm) and a severe anterior open bite (>3mm)
were registered respectively in 6.8% and 0.4%.
A posterior open bite was documented in 1.3%
of all children. A deep overbite was found in 127

Stoma Edu J. 2017;4(1):66-71.

children (27.0%) and a deep overbite with gingival
contactin 40 children (8.5%). Statistically significant
was the fact that boys showed more deep bites
with gingival contact (X2 = 3.347, p = 0.067) and
also the difference between the age groups was
statistically significant (X2 = 3.497, p = 0.061) -
increase of the frequency was observed with the
increasing of the age.

A unilateral posterior cross-bite was observed
in 3.2% of the sample and a bilateral posterior
cross-bite in 1.5%. An edge-to-edge bite in
the posterior region was found in 9 cases with a
statistically significant difference in age comparison
(X2 = 8.156, p = 0.004), the 4-year-olds showed
more edge-to-edge bites than the 5-year-olds. In
this sample, a scissor bite was not registered. The
total percentage of mandible lateral deviation was
2.5%. A mandible deviation to the right side was
found in two cases and 10 cases to the left side.
The percentage prevalence of malocclusions in
primary dentition is shown in Table 5.

http://www.stomaeduj.com
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Table 5. Percentage prevalence of malocclusions in primary dentition.

Type of malocclusion Children with malocclusion Percentage (%)

Class Il canine occlusion 142 30.1%
Class Il canine occlusion 45 9.6%
Anterior open bite 34 7.2%
Posterior open bite 6 1.3%

Deep overbite 127 27%

Deep overbite with gingival contact 40 8.5%
Anterior cross bite 30 6.4%
Posterior cross bite Ug:ll::srrjll ;5 ?ggﬁ
Posterior edge-to-edge bite 9 1.9%
Mandible lateral deviation 12 2.5%

4. Discussion

The overall prevalence of malocclusions is high
- 64.4%. According to the scientific literature, the
prevalence of malocclusions in primary dentition
varies from 22%to 93%"'° due to racial characteristics
and different occlusion recording methods. We
found a higher prevalence of malocclusions as
compared to some previous studies conducted on
the Bulgarian population by Nikolov & Atanasov,
who found 44.5% prevalence. The difference in
prevalence is probably due to the fact that at thattime
a mass orthodontic prevention program was held.
The generalized spacing in thissample is 78.2% and it
is corresponding to the findings of Foster&Hamilton®
with 70%. The prevalence of no spacing and
crowding concurs with other studies,*'2™3 but it is
much lower than the results for the British children.®
Our results for the prevalence of several concurrent
malocclusions in primary dentition are in agreement
with other studies.’ The canine sagittal relationships
showed that 60% of the children have Class |, 30%
have Class Il and 10% have Class lll and the results
are corresponding to the findings for the European
population 41015

Our study conducted on the Bulgarian population
showed a percentage distribution of a flush terminal
molar relation in 70.1% of the subjects on the right
side and 72.4% on the left, which is similar to studies
done by Nanda et al.”® A mesial step and a distal
step in this sample are equally distributed in 14.4%
and 14.5%, respectively. Our results for the mesial
step are in agreement with the findings of Baume’
and Ravn,® but in disagreement with the results of
Johannsdottir et al.,’” who found that 60% of their
sample had mesial step occlusal relationships in
primary dentition. Our results for the distal step are
similar to the findings by Grabowski et al.,'® who
found 15.5% “distalization” in primary dentition.

The normal overjet is in agreement with the results
by Berneburg et al.,’* but the increased overjet was
assessed in 9.5% of this sample, which is lower than
their findings. Our results for the decreased overjet
are higher than other studies'' but similar to the
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findings of Mussig.” An anterior cross-bite was
observed in 6.4% of the sample, which resembles
a study conducted by Kerouso?® for the Finnish
children.

The prevalence of a normal overbite is 30.1%. We
also found 27.2% of an anterior edge-to-edge bite
and, at the age of 5, it is a norm according to Hotz.?’
The findings are in agreement with the results by
Nanda et al.,'® Missig' and Berneburg et al.’* But
on the other hand, the high frequency may be due
to the self-correction of an anterior open bite after
interrupting the action of external factors.? In this
sample, a moderate anterior open bite(<3mm) and
a severe anterior open bite (>3mm) were registered
respectively in 6.8% and 0.4% of the children, which
is in agreement with Berneburg et al.,"* who found
4.6% prevalence of an anterior open bite. The
prevalence of an anterior open bite in this sample
is significantly less than the findings of Missig' and
Tschill et al.#

Our results showed prevalence of a deep bite and
a deep bite with gingival contact, 27% and 8.5%,
respectively, which is similar to the studies done
by Missig'™ and Grabowski et al.’® In this sample,
boys have more severe deep bites and there is also
a statistically significant increase in prevalence of a
deep bite with gingival contact with the increasing
of the age, which concurs with other studies’
results,'%?? but itis in disagreement with the results of
Berneburg et al." A posterior cross-bite was seen in
4.7% and a posterior edge-to-edge bite in 1.9% of all
the children in this study.

Other investigators report that a deciduous posterior
cross bite ranges between 7-12%.8'9' But our
findings are similar to Hensel (12) and Stahl &
Grabowski,* who report 5.1% and 4% respectively.
Available literature suggests that the development of
the occlusion and oral functions in primary dentition
is a continuum for the further morphological and
functional development of the stomatognathic
system.*'® The correct development of a stable,
functional and aesthetically acceptable occlusion
is an integral component of a comprehensive oral
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health care for all pediatric dental patients.?® Further
research is needed to establish the development of
the dentition and malocclusions in the next stages
of the dental development in this sample, and the
relatively small sample size is a limitation of our studly.

5. Conclusions

This cross sectional study provides present-day data
about the prevalence of malocclusions in a sample
of 471 Bulgarian children with primary dentition.
Statistical differences in the type of dentition, a deep
bite with gingival contact and a posterior edge-to-
edge bite were found. Class Il canine occlusion, a
distocclusion, a deep bite, no spacing and crowding
and anincreased overjet were the epidemiologically-
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relevant malocclusions in our study.

Due to the high prevalence of malocclusions in
deciduous dentition, it is necessary for children to be
regularly examined at an early age and the occlusal
development should be individually assessed.
Early attention may be given to malocclusions and
their prevention, and especially to those caused
by external etiologic factors like bad habits and
incorrect oral functions.
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Which is the most prevalent type of primary dentition found in this study?

a a Typel;
Q b. Type2;
a Type 3;

c.
Q d. none of them.

What is the total prevalence of malocclusions found in this study?

Q a. 54.4%,
Q b. 64.4%;
Q c 74.4%;
a d. 82.5%.

What is the prevalence of anterior open bite found in this study?

ad a 5.8%;
QO b 6.0%;
d c 6.4%;
QO d 6.8%.
What is the prevalence of unilateral posterior cross bite found in this study?
aQ a 4.5%;
Q b 42%;
QO c 3.2%;
QO d. 3.0%.
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International Dental Show (IDS) in Cologne, Germany.

Since then, | have been visiting this world-wide exhibit, manufacturer and dental barometer worldwide for
two years, where you can get acquainted with the latest news that can significantly improve your current work
practice.

At the last working session of the Editorial Operative Team of Stomatology Edu Journal organized by the
Editor-in-Chief, Prof. Jean Francois Roulet, the fresh Dr hc of the “Carol Davila” University of Medicine and
Pharmacy in Bucharest, | was nominated to support a new heading: “Product News".

Of course, in order to better inform the readers of Stomatology Edu Journal, | will improve my information
at the International Dental Show (IDS) with data from Dental Compare, Dental News, infoDent, Dental
Economics, Dentistry Today etc.

Since | participated in the latest IDS in Cologne in March, 21-25, 2017 will present the leading technologies
that have attracted my attention significantly:

* GC presented an intraoral scanner for beginners, Aadva IOS;

* 3Shape introduced the first wireless intraoral scanner, Trio 3;

* Condor has provided the first 2-generation miniature intraoral scanner that produces high-fidelity natural
images;

e Zebris Medical has introduced an optical jaw measurement and occlusal analysis system;

® EMS has introduced a new oral hygiene device, AIRFLOW Prophylaxis Master;

¢ Dr. Choukroun introduced the new series of PRF DUO for A-PRF & i-PRF;

* Philips introduced the new Sonicare DiamondClean Smart toothbrush and the application that monitors the
correct oral hygiene practices;

* Ivoclar Vivadent introduced 54 new products, including the PrograMill series consisting of four milling
machines;

e Planmeca introduced the new Emerald intraoral scanner, which produces high-quality images;

e Komet will offer new burs for better polishing of composites and all-ceramics adjusting, finishing and
polishing and sectioning all-ceramic restorations;

* DMG has introduced a new 3-D printer and related milling materials;

* Voco has set up a complete digital workflow.

Of course | could continue listing the significant products that were exposed this year by the dental
manufacturers present. | reserve for the following numbers to give you a more detailed presentation.

Florin - Eugen Constantinescu
DMD, PhD Student
Editorial Director, Product News

DOI: 10.25241/stomaeduj.2017.4(1).prodnews
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Comprehensive Esthetic Dentistry

Authors: Florin Lazarescu (editor)
Publisher: Quintessence Publishing Co Inc
Language: English

ISSN: 978-1-85097-278-5

Edition: 1/e

Publish Year: 2015

Pages: 364, illustrated

Price: $ 228.00

A contemporary dentist has the task of providing his patients with aesthetic treatments, but also in harmony with
the other functions of the stomatognathic system. The merit of this book lies with the editor, Dr. Florin Lazarescu,
who managed to raise a group of dental aesthetics specialists who successfully completed this book called
“Comprehensive esthetic dentistry”.

The book is divided into 15 chapters. The first eight chapters present introductory notions and general principles
of dental and dento-facial esthetics, data of photographic examination, communication with the patient in the
esthetic assessment integration of the provisional aesthetic rehabilitation in the treatment plan, materials used
for aesthetic restorations, notions of minimally invasive procedures in esthetic dentistry, principles of adhesion to
dental structures and tooth discoloration. The next seven chapters tackle practical aspects, esthetic restorations of
the anterior and lateral teeth, the protocol for adhesive fixations in esthetic restorations, CAD-CAM systems and
techniques in the dental office and the interdisciplinary prosthetic- orthodontic-periodontal approach of complex
cases requiring teamwork. The book is exceptionally well designed and it gives the practitioner a wealth of useful
dental esthetic solutions for both young and experienced doctors. Due to its exceptional qualities to clarify dental
esthetics, this book has brought an intense sense of professional achievement and personal satisfaction to the
authors and can be seen as a guide in which the practitioner finds an exclusive answer to the problems of dental
esthetics that he has to solve in his daily activity.

DOI: 10.25241/stomaeduj.2017.4(1).bookreview.1

Restoring with Flowables

Authors: Douglas A. Terry

Publisher: Quintessence Publishing Co Inc
Language: English

ISSN: 978-0-86715-668-3

Edition: 1/e

Publish Year: 2017

Pages: 292, illustrated

Price: $ 148.00

The book entitled “Restoring with Flowables” by Dr. Douglas A. Terry presents innovative concepts in restorative
dentistry. He shows the applications of next-generation flowable composites in a step-by-step manner.

This book has four chapters, starting with the historical perspective and the evolution of flowable composites. Then
it approaches the general consideration of adhesion, and tooth preparation. According to aesthetic principles, in
the last two chapters, the author talks about the clinical applications of flowable direct restorations in anterior and
posterior teeth; sealants and preventive resin restorations; provisional fabrication, modification, and repair; tooth
splinting; eliminating cervical tooth sensitivity; adhesive reattachments of tooth fragment; developing the ovate
pontic site; bonding porcelain veneers and inlay cementation; stratification layering technique; restoration of
anterior and posterior primary tooth; developing a post and core; and restoring form and function, among others.
The book provides detailed and very wellillustrated protocols of the adhesive design concept, evolution of flowable
resin composites and applications of contemporary restorative dentistry. Whether you are an experienced clinician
or a young dentist this book will give you a new perspective of minimally invasive and aesthetic restorations.

DOI: 10.25241/stomaeduj.2017.4(1).bookreview.2

The Books Review is dirafted in the reviewer’s sole wording and illustrates his opinions.
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EVOLUTION: Contemporary Protocols for
Anterior Single-Tooth Implants

Authors: Ifnaki Gamborena / Markus B. Blatz
Publisher: Quintessence Publishing Co Inc
Language: English

ISSN: 978-0-86715-496-2

Edition: 1/e

Publish Year: 2015

Pages: 440, illustrated

Price: $ 362.00

Oral Implantology is the dentistry area with a constant evolution of its concepts, materials, and techniques. Drs.
Ifaki Gamborena and Markus B. Blatz drafted a contemporary book about

Anterior Single-Tooth Implants Protocols which they suggestively called: EVOLUTION.

The bookis divided into six chapters eloquently and amplyllustrated, with more than 1,900illustrations. The content
of this book covers every step of the anterior single-tooth implant placement from the soft tissue characteristics to
the final cementation.

The first three chapters talk about the peri-implant soft tissue, the clinical protocol with the platform shift concept
and the ideal 3D implant placement. The last three chapters present orthodontics and the soft tissue grafting
procedures, laboratory communication and the final cementation of the restoration.

Because of the step-by-step format this book allows readers to improve their experience in anterior implant
placement for the ultimate goal: the best possible care for our patients.

DOI: 10.25241/stomaeduj.2017.4(1).bookreview.3

Textbook of Oral and Maxillofacial Surgery

Author: Rajiv M Borle

Publisher: Jaypee Brothers Medical Publishers (P) Ltd
Language: English

ISSN: 9789351520092

Edition: 1/e

Publish Year: 2014

Pages: 830, illustrated

Price: £78.00

The Textbook of Oral and Maxillofacial Surgery by Professor Rajiv M Borle is a contemporary guide and a
compilation of the authors’ personal experiences. The book is divided into twelve sections and tackles the basic
principles of surgery, neurological disorders of the face and general anesthesia, dentoalveolar surgeries, diseases
of the maxillary sinus and salivary glands, infection and trauma of the maxillofacial region, facial deformities and
TMJ disorders, neoplastic condition of the head, neck and face. At the end of each chapter all the incorporations
have been authenticated by giving the necessary bibliography.

This first edition of the book addresses undergraduate and postgraduate students in the field of Oral and
Maxillofacial Surgery, Otolaryngology, and Plastic Surgery. Presented in an easy-to-follow format, the text s enriched
with clinical photographs, radiographic images, charts and a lot of illustrations to provide better understanding.

DOI: 10.25241/stomaeduj.2017.4(1).bookreview.4

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

The journal publishes articles written in English.
All articles will be accomganied by the signed
copyright form which can be returned by e-mail,
fax (as scanned documents). All the responsibility
for the originality of the material sent belongs to
the author%s) alone. Each article will be evaluated
by the peer-review committee composed of two
independent peer-reviewers, in a blinded fashion,
according to the peer-review protocol. All articles
will be sent to the editor-in-chief at the following
e-mail address: stomatology.edu@gmail.com. The
articles will also be sent at the e-mail address of
the co-editors-in-chief from your area (Americas,
Europe, Asia-Pacific).

2. Articles sent for publishing

Stomatology Edu Journal (Stoma Edu J) publishes:
- original articles;

- reviews;

- case reports;

-consensus declaration coming from an association
or from a group of specialists;

- letters to the editor.

All articles must be up to 3,000 and 4,500 words for
meta-analysis (the word count is for the manuscript
text only). Letters to the editor must not exceed
400 words of text and 5 references. Letters may
have no more than 3 authors. Letters to the editor
can be related to an article already published in
the journal or it can represent original scientific
contributions or events news/presentations etc. of
interest for the reader.

If, following the peer-review process, the article
requires only minor changes (language changes
etc.)thenthe manuscriptisacceptedforpublication
in its revised form without further input from the
author. In case the changes are considered more
important (scientific errors or an incorrect use
of the language that can affect the quality of the
scientific message) the author will be contacted
by a member of the editorial committee and it will
only be published after he approves the changes
considered necessary by the peer reviewers. In
some cases, based on the written approval of the
author(s), the peer-reviewers and the chief-editor
or the ublisﬁer the article may be published
alongside the comments of the reviewer(s).

3. Authors

Each author must be able to prove his active
participation in the study by contributing to the
concept, protocol, data gathering or analysis,
their interpretation or by critically revising
the manuscript. Any other persons who have
contributed to the paper, like study participants or
colleagues, will be mentioned in the "Contribution”
section.

4. Permissions and Ethics
For citations, tables, figures etc. which are not
original, these must be accompanied by the written
ermission for their use and the full reference must
e provided. Photographs of identifiable persons
must be sent alongside the written permission of
the person(s) and all regions that may allow the
identification of the subject must be covered.
The author must have obtained, for all studies
including human subjects, the permission of the
subjects to be part of the study whilst keeping
their anonymity. By sending the article, the author
declares that he obtained this permission from all
his subjects. All studies must respect the Helsinki
Declaration (1975).
For human and animal studies, the authors
must have obtained the approval of the ethics
committee from the University/Institute/etc. where
the study was done.

5. Writing the article
The article must be written in conformity with the
eneral recommendations of the International
ommittee of Medical Journal Editors. http://
www.icmje.org/icmje-recommendations.pdf
The Stomatology Edu Journal (Stoma Edu J) uses
double-blind review, which means that both the
reviewer and author name(s) are not allowed to
be revealed to one another for a manuscript under
review. The identities of the authors are concealed
from the reviewers, and vice versa.
To facilitate this, please include the following
separately:
Title page (with author details): This should include
the title, authors' names and affiliations, and a
complete address for the corresponding author
including an e-mail address.
Blinded manuscript (no author details): The main
body of the paper (including the references,
figures, tables and any Acknowledgements) should
notinclude any identifying information, such as the
authors' names or affiliations.
The articles must be sent either as a Microsoft
Word 2000 document (*.doc) or as a Microsoft
Word 2003 document (*.docx).
The article will be written using Times New Roman
font, size 12 for the characters with one and half (1
1/2) spaces between paragraphs. The manuscript
must be sent in its final form. The pages will
be numbered with the manuscript containing
the following sections: title, authors, abstract,
keywords, the text of article, contributions,
acknowledgments, references, the figures and the
tables legend.
Please aﬁso check the Author’s Guidelines for the
Abstract.
A. The title of the manuscript will have a maximum
of 100 characters without spaces, written in title
case, centered capitals, and in 12 point bold Times
New Roman font at the top of page. Abbreviations
should be avoided within the title.
B. The author(s) will send their full name(s) and
surname(s), the highest academic position, their
full titles and their affiliations. All names are listed
together and separated by commas. Provide exact
and correct author names as these will be indexed
in official archives. Affiliations should be keyed
to the author's name with superscript numbers
and be listed as follows: Laboratory, Separtment,
Institute, Organization, City, State abbreviation
(USA, Canada, Australia), and Country (without
detailed address information such as city zip codes
or street names).
The correspondent author will send his/her
full name and surname, the highest academic
ﬁosition, his/her full title, his/her affiliation, his/
er institution address, his/her telephone, fax and
e-mail. The authors will send this information in the
same format as that in the published articles.
C. The Structured Abstract
The abstract can have a maximum of 250 words.
After the abstract, the author(s) must mention
a maximum of 5 keywords. Keywords must be
selected from Medline Mesh.
The abstract for Original Scientific Articles should
be no more than 2?0 words using the following
structure: Introduction; Methodology;
Conclusion.
The abstract for Review Articles should be no
more than 250 words with the authors covering
all the following information regarding the subject
Eresented under the following subheadings:
ackground, Objective, Data Sources, Study
Selection, Data Extraction, Data Synthesis.
The abstract for Case Reports should be no more
than 250 words using the following structure: Aim,
Summary and Key learning points: provide up to 5
short statements of the report.

Results;
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The abstract for Clinical Articles should be no more
than 250 words using the following structure:
Aim, Methodology, %esults and Conclusions.
Abbreviations are not accepted in the title or the
abstract.

D. The Article Text

Headings and Sub-headings

Except for special names (e.g. GABAergic),
capitalize only the first letter ofg headings and
subheadings. Headings and subheadings need
to be defined in Times New Roman, 12, bold.
You may insert up to 5 heading levels into your
manuscript (not more than for example: 3.2.2.1.2
Heading title).

For original articles:

Introduction - a presentation of the most important
aspects in the studied domain without doing a
review of the literature. The ﬁurpose of this part
is to present and backup the hypothesis on which
the study was based.

Material and Methods - this section will include all
required information so that the reader can verify
the validity of the study including, but not limited
to, subjects, measurements, statistics and ethics.
The methods used should be discussed (why the
methods have been chosen, which the limitations/
advantages). A paragraph about the statistical
analysis is required as well.

Results - the results of the study will be presented
in a descending order of importance. An
interpretation of the results will not be done in this
section.

Discussion - the authors will present the way the
results backup the original hypothesis, as well
as the way in which the resu?fcs are backed up
or contradicted by the published literature. A
Faragraph must be dedicated to presenting the
imitations of the study.

Conclusion - The conclusion presents the
implications of this latest work. In addition,
authors may consider discussing future plans or
recommendations for future research etc.

For all other types of articles we recommend the
use of a clear structure based on sections and sub-
sections.

E. Acknowledgments

Acknowledge persons who have made substantive
contributions to the study. Specify grant or other
financial support, citing the name of the supporting
organization and grant number.

F. %eferences

—Tflwe references will be written using the Vancouver
style
(hxctps://www.imperiaI.ac.uk/media/imperial-
college/administration-and-support-services/
library/public/vancouver.pdf).

- The references will be numbered, in the order
they appear in the text as such: “ (1).

- All sources found in the text must be present in
the bibliography and all the papers mentioned
in the bibﬁography must appear in the text. For
references with more than 6 authors, list the first 3
authors followed by “et al.”

- Full-page ranges should be given in expanded
form (e.g., 426-429, not 426-9).

- If non-English-language titles are translated
into English, bracketed indication of the original
language should follow the title.

- All journals will be abbreviated and italicized
names of journals according to the style in
PubMed; re]Jer to the National %ibrary of Medicine
(NLM) Journals Database (http://www.ncbi.nlm.
nih.gov/nImcatalog/journals) if needed. Journal
names will be abbreviated according to the List of
Title Word Abbreviations

- Information obtained from sources which are not
published yet, but accepted for publishing will
include at the end of the reference the mention “in
print” between round parentheses.
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-If the cited results have not been published yet the
mention will be “personal communication” written
in the text of article between round parentheses.

- Only references read by the authors of the article
will be cited.

- An original article will have at most 50 references,
a review will have at most 100 references, a letter
to the editor 5 references, whilst all other types
of articles will have the minimum number of
references required.

6. Curriculum Vitae - Ultra Short version
Following the references please provide a brief
presentation of the first author and his contribution
in the field, of maximum 130 words (with a 3.5x4.5
cm color photo).

7. Figures, Images, Tables

All “illustrations  must  be numbered and
cited in the text in order of appearance.
Figures and Images will be drawn professionally
and sent in separate file(s) as jpeg, tiff or png files.
[llustrations should preferabHy fi?l single column
width (54 mm) after reduction, although in some
cases 113 mm (double column) and 171 mm (full
page) widths will be accepted. See the Image
quality specifications chart for details. Image files
also must be cropped as close to the actualimage
as possible.

In the text, each figure must be represented by
a number, a title and a description. The authors
will indicate where should the figure be placed
in the text. All images or figures must come from
the author’s personal col?ection or the author
must have rights to publish the image or figure.
All images must be at or above intended display
size, with the following image resolutions: Line Art
800 dpi, Combination (Line Art + Halftone) 600
dpi, Halftone 300 dpi. We do not accept images or
figures taken from the Internet.

The Tooth Identification System used in
manuscripts must conform to the FDI International
System. Units used in manuscripts must conform to
the Systeme Internationale d'Unités (SI).

Tables will be included in the text and each table
will have a number and a short description if
required.

8. OwnershiL) Rights

By sending the article for publication the author(s):
- take full responsibility for the scientific content of
the text and tor the accuracy of the send data;

- become (co)author(s) of the manuscript (all
further plagiarism accusation are addressed solely
to the author(s) who signed the manuscript);

- declare they are the rightful owners of the images,
figures and/or information sent for publishing and
that they have the permission to publish all the
materials for which they do not own the intellectual
property rights;

- declare that the message/content of the
manuscript is not influenced in anyway by
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sort of relations with other people or companies;

- transfer all rights for the manuscript to
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9. Other

Previously mentioned limitations can be ignored
in specia¥ cases with the agreement of the chief-
editor and/or the publisher. All published materials
cannot be returned.
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publishing the article.
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ORTHODONTIC X-RAYS (RADIOGRAPHS)

Profile (lateral) cephalometric views

Standard OPG (Orthopantomogram) for adults and
children (magnification 1.3-1.6)

Orthodontic diagnostic photos

X-RAYS (RADIOGRAPHS) FOR SPECIAL TREATMENTS
Standard OPG (Orthopantomogram) for adults and
children (magnification 1.3-1.6)

Ortoradial orthopantogram for adults and

children (magnification 1.3-1.6)

Orthopantogram with reduced for adults and children
Combination for the same patient

(standard OPG +orthoradial+ reduced shadow)
Four-view TMJ- right to left joint

Anterior maxillary sinus panoramic radiographs
Posterior maxillary sinus panoramic radiographs
SaIivar?/ gland panoramic radiographs

Prthi e (lateral) cephalometric radiographs
Orthodontic diagnostic photos

3D CT SCANS

Full maxilla and mandible CT scan
Maxilla and maxillary sinus CT scan
Mandible and mandible

Mandible and mandibular canal CT scan
Partial maxillary and mandibular CT scan
TMJ CT scan

CT scan of included teeth

MRI -CT
Ortho-maxillofacial MRl
Ortho-maxillofacial CT

Examination of the throat using a special protocol for:
cavum; orophar?/nx, oral cavity, tongue, soft palate,
salivary glands, larynx and hypopharynx is conducted
only at 79-91, Traian Popovici Street, 3™ District,
RO-031422 Bucharest, ROMANIA

Tel: 021-323.00.00 | 0731-494.688

The Plevnei Gral Medical Dental Imaging Center
provides dental imaging services dedicated to
obtaining a quick and correct dental diagnostic in
order to plan an adequate and efficient treatement.

Our state-of-the-art equipment provides dentists,
implantologists or maxillofacial surgeons with accurate
2D and 3D images of the structures they will work upon,
being of real service to the patients, by practically
eliminating all major intervention-associated risks,
both due to the use of very low radiation doses and
the easy and comfortable positioning of the patient.

The Plevnei Gral Medical Dental Imaging Center
17 - 21, Calea Plevnei, 1°tDistrict, RO - 10221 Bucharest, ROMANIA

Inside the "Dan Theodorescu" Surgery Hospital OMF
Tel: 021-313.41.81 | Mob:0723-118.812







