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Dear readers, 

For 20 years I have been passionate about interdisciplinary collaboration between different specialties in 
dentistry and orthodontics. My doctoral studies, extensive research, publications, conferences, monographs 
have focused on interdisciplinary orthodontics and most of my daily clinical work as an orthodontist is 
dedicated to these interdiciplinary cases.
At first, few believed in this concept: my orthodontist colleagues were distrustful of the possibilities of 
adult orthodontics, periodontists did not believe that teeth with bone loss have an...„orthodontic future”, 
prosthodontists were used to „straightening” teeth prosthodontically, while implantology was not a common 
therapeutic option. Often when I presented them with a case of interdisciplinary orthodontics, the attitude 
was rather more skeptical than enthusiastic.
The rescue came in 2003 at the Congress of the European Orthodontics Society (EOS) in Prague, when I heard 
Professor Vincent Kokich (USA) - one of the world's leading specialists in orthodontics, probably the most 
passionate supporter of interdisciplinary orthodontics and an excellent speaker in the field, insisting on how 
important it is, especially for the young generation of specialists,  to „grow” together in interdisciplinary 
teams, where each member informs the other on the latest therapeutic possibilities in his specialty. This 
sincere and continuous mutual information has led to the elaboration of therapeutic principles and protocols 
of interdisciplinary collaboration through which each discipline assists the other, together offering higher 
quality medical services to the patient (Ogodescu A, 2006).
The internships attended at the Pedodontics-Orthodontics Department of the University of Zurich, 
Switzerland is where I learned from dear friends, Prof. Dr. Werner Frunz, Dr. Wanda Gnoinski, Dr. Rolland 
Maenchen, Prof. Dr. Marc Schaetzle how useful interdisciplinary collaboration can really be.
Almost no one at that time conceived of postponing prosthodontic treatment for 6-12 months to upright 
a lower second molar, to wait 3-6 months for the egression of a subgingivally decayed root, to correct a 
crossbite, a rotation, or to postpone insertion of an implant for 6 months to extrude a compromised root 
in order to create alveolar bone. In the case of patients with dento-maxillary abnomalies secondary to 
periodontal disease, no one saw orthodontics as a solution for their recovery either, but the fascination 
exercised by this new area of orthodontics was on its way and slowly it managed to convince more and more 
specialists.
As I stated in 2006 in my doctoral thesis, the implementation of this new concept is best summarized by the 
term TEAM („together everyone achieves more”) and the logo that I launched then for the new discipline is 
still valid today. 
The success of establishing such a team of different specialties (orthodontics, periodontics, prosthodontics, 
maxillofacial surgery, occlusology, radiology, paedodontics) is based on a series of considerations: good 
communication, excellence in specialty, mutual respect and trust. I was lucky to have special colleagues in 
Timisoara with whom I could solve the most difficult cases. Together we trained, learned from each other 
and came to develop interdisciplinary cooperation protocols. In 2008 we published the first monograph 
on interdisciplinary orthodontic treatments in adults. For almost 10 years I have been teaching an optional 
course to sixth year students at the Faculty of Dentistry entitled: „Principles of interdisciplinary orthodontic 
treatment”. 
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Today I am really satisfied to watch my former students excel in the therapy of complex cases via an 
interdisciplinary approach. Young prosthodontics specialists no longer conceive of grinding sound teeth, 
instead they ask us, orthodontists, to recalibrate spaces for them to insert implants. The goals of pre-
prosthodontic orthodontics have changed. Fellow periodontologists, with whom we work on the same 
substrate, the alveolar bone, have a completely different view on the advantages of orthodontic treatments 
in patients with a periodontal disease and the situations in which periodontal therapy favors orthodontic 
treatment. Implantologists have the patience to extrude compromised roots for implant site development, 
they help us to increase the anchorage in orthodontics, in the expansion of the jaw.
Patients have also learned the benefits of interdisciplinary orthodontics, many more adults are now asking 
for orthodontic treatments in combination with their periodontal or prosthodontic treatments.
Technology has evolved enormously, the digitalization of orthodontics is taking shape, and communication 
– so important in the interdisciplinary team - is easier today than ever.
Many dental clinics have specialist doctors who work together and share their knowledge  to achieve better 
oral rehabilitation of patients.
My twenty-year old dream has come true. The appeal of interdisciplinary collaboration finally overcame the 
fear of communicating between colleagues from various specialties. The initial difficulties and distrust in the 
field of interdisciplinary orthodontics are a thing of the past and today excellence characterizes this dynamic 
field.
May this beautiful and complex specialty live a very long life as it has given me so much satisfaction 
throughout all these years!

Sincerely yours,

 

A.S. Ogodescu
DDS, PhD, Dr Habil, ORCIDiD: https://orcid.org/0000-0001-9797-7157 
Professor & Chairperson
Senior specialist ODFO
Department of Pedodontics-Orthodontics
Faculty of Dental Medicine
“Victor Babeș” University of Medicine and Pharmacy Timișoara
Timișoara, Romania 
Associate Editor Sections - Editor-in-Chief
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DENTAL MATERIALS
CYTOTOXICITY OF INDIRECT RESTORATIVE MATERIALS 
ON FIBROBLAST CELLS: IN-VITRO STUDY
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Introduction The aim of this study was to assess the cytotoxicity profiles of eight different fixed prosthetic 
restoration materials [Gold-based alloy (A), Chromium-Cobalt  alloy (B) and Nickel-Chromium alloy (C), fiber-
reinforced-resin-blocks (D), resin-nano-ceramic (E), lithium-disilicate-glass-ceramics (F), monolithic-zirconia 
(G) and feldspathic-ceramic (H)]  by using cell culture methods on the L929 mouse fibroblast cells. 
Methodology 36 disc-shaped samples of each test material were prepared (5x2mm, N=288). After 
sterilization, discs were placed in EMEM and incubated at 37°C. Mediums were collected and filtered from 
each of four samples in 1st and 7th days. After 24hours incubation, cells were treated with 100 µl medium 
extracts of materials. Viability of cells was measured after 48 hours. Cytotoxicity was assessed with XTT and 
xCELLigence tests. Apoptosis was analysed using Annexin-V/PI staining. All data were statistically analysed 
with One-way ANOVA and Tukey’s multiple range tests (p<0.05). 
Results Considering the cell viability and apoptosis rate significant differences were found after the 1st and 
7th days of incubation periods for each material group (p<0.05). Among the material groups significant 
differences were observed (p<0.05). F group showed the lowest cell viability and showed highest apoptosis 
rate (p<0.05). Along the entire test period, E group showed the highest cell viability and lowest apoptosis 
rate (p<0.05). 
Conclusion All fixed restoration materials investigated in the study exposed various levels of cytotoxicity, 
with significant differences among the test groups. 

ABSTRACT

Dental Alloys; CAD-CAM Materials; Cytotoxicity; Apoptosis; Fibroblasts.
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1. INTRODUCTION

In parallel with the improvements in dental 
technology and material science, innovative mate- 
rials are being developed to be used in fixed prosthetic 
restorations, which are in direct contact with bone, 
connective tissue or oral epithelium. Dental casting 
alloys that play an important role in restorative 

dentistry are widely used as restorative materials in 
dental applications [1]. Recently, the use of cast alloys 
has become very limited due to the improvements 
of full ceramic restorations and more durable resin-
based composites. Nevertheless, for fixed prosthetic 
restorations, dental alloys have continued to be used 
as the primary material [2]. In general, alloys usually 
include at least four and often six or more metals, 
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but metallurgically, considering the periodic table 
various elements can be used in dental alloys and 
they are even more complex materials. The intricacy 
and variety of these alloys complicate to understand 
their biocompatibility, since the body can be 
affected by any element released from the alloy [1]. 
According to the American Dental Association (ADA) 
(1986), dental cast alloys can be: (1) high noble alloys 
(≥60% Gold (Au), Platinum (Pt), Palladium (Pd)  and 
≥40% Au), (2) noble alloys (≥25% Au, Pt, Pd) and 
(3) predominantly base metal alloys (<25% Au) [3]. 
Dental alloys are defined by their composition, but 
composition can be explained in two ways, either as 
in the alloy percent of the number of atoms of each 
element (atomic percentage = at%) or percentage 
of weight (wt%) of elements. Even though the alloy 
manufacturers and standards organizations describe 
an alloy’s composition by weight percentage, atomic 
percentage of these materials determine their 
biological properties [1].  In recent decades, esthetic 
and durable restorations have been designed 
and produced with computer-aided design and 
computer-aided manufacturing (CAD/CAM) techno-
logy. Feldspathic ceramics, glass ceramics containing 
leucite and lithium disilicate or yttrium tetragonal 
zirconia polycrystals are the examples of CAD/
CAM high quality CAD/CAM ceramic materials. 
Recently, nano-hybrid ceramics, zirconia-reinforced 
lithium silicate ceramics, composites and glass-fiber 

composites have been added to the previous CAD/
CAM materials [4,5]. Glass-fiber-composite tech-
nology has been introduced to the dental practice 
for well over 20 years. Fiber reinforced composite 
materials like TRILOR are alternative materials for 
permanent and temporary dental restorations. 
Copings, substructures, frameworks for anterior or 
posterior crowns, bridges, telescopic restorations, 
bar attachments on implants and drilling guide for 
implant surgery are among the indications for these 
materials [6]. 
Since dental materials used in fixed prosthodontics 
are contact with oral tissues, the biocompatibility of 
these materials is very critical and dentists, especially 
prosthodontics, should focus on dental biomaterials 
[7]. The release of copper or nickel from cast alloys 
has been suggested as the main (toxic) cause of 
oral tissue reactions, such as gingival inflammation 
[8]. In order to study the cytotoxicity of restorative 
materials, various in vitro systems including organ 
cultures and cells in culture have been utilized. 
However, for in-vitro toxicity test of dental materials, 
the most commonly used biological system is 
the cell culture method. Two different types of 
cells are generally preferred; permanent cell lines 
derived from type-culture collections (L929 or 3T3 
mouse fibroblasts), and primary cells derived from 
mucosal or gingival explants and established in each 
individual laboratory. However, permanent cell lines 

Code Brand Material type Chemical composition Manufacturer

A PX Premium Bio Au alloy Au 86.5%, Pt 11.5%, Zn 1.4%, Rh, Fe, 
Mn, Ta <1% PX Dental SA, Marin, Switzerland

B Strabond CoS Cr-Co alloy Co 59%, Cr 25%, W 9.5%, Mo 3.5%, 
Si %1, C, Fe, Mn, N <1% Scheftner Dental Alloys, Germany

C MoguCera N Ni-Cr alloy Ni 62%, Cr 24%, Mo 11%, Si 1.6%, 
Mn <1% Scheftner Dental Alloys, Germany

D TriLor® Fiber reinforced 
resin block

Epoxy resin matrix and 
multidirectional integrated 
fiberglass

Bioloren, S.r.l., Italy

E Lava Ultimate Resin nano 
ceramic

Matrix: Bis-GMA, UDMA, Bis-EMA, 
TEGDMA
Filler: SiO2, ZrO2, aggregated ZrO2/ 
SiO2 cluster (80wt%)

3M-ESPE, Seefeld, Germany

F Rosetta SuperMill
Lithium 
disilicate glass-
ceramic

Li2O 10-15%,  SiO2 71-80%, B2O3 
0-6%, P2O5 2-5%, Al2O3 2-5%, other 
oxides and colorants 5-12%

Hass Corporation, Korea

G InCoris TZI Monolithic 
zirconia

ZrO2+HfO2+Y2O3 ≥99.0%, Y2O3 5.4%,  
Al2O3<0.35%, F2O3 < 0.01%, other 
oxides < 0.2%

Sirona Dental Systems GmbH, 
Bensheim, Germany

H CEREC locks Feldspathic 
ceramic

SiO2 56-64%, Al2O3 20-23%, Na2O 
6-9%, K2O 6-8%, CaO 0.3-0.6%, TiO2 
0.0-0.1%

Sirona Dental Systems GmbH, 
Bensheim, Germany

Abbreviations: Au: gold; Pt: platinum; Zn: zinc; Rh: rhodium, Fe: iron; Mn: manganese; Ta: tantalum; Cr: chromium; Co: cobalt;  
W: tungsten; Mo: molybdenum; Ni: nickel; Si: silicon; Bis-GMA: bisphenol A-glycidyl methacrylate; UDMA: urethane dimethacrylate;  
Bis-EMA: ethoxylated bisphenol A-glycol dimethacrylate; TEGDMA: triethylene glycol dimethacrylate; SiO2: silicon dioxide; ZrO2: 
zirconium dioxide; Li2O: lithium oxide; B2O3: Boron trioxide; P2O5: Phosphorus pentoxide; Al2O3: aluminium oxide; ZrO2: zirconium 
dioxide; HfO2: hafnium dioxide, Y2O3: yttrium Oxide; F2O3: ferric oxide; Na2O: sodium oxide; K2O: potassium oxide; CaO: calcium oxide; 
TiO2: titanium dioxide.

 Table 1.  The codes, brand names, compositions and manufacturers of the materials.
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are preferred since they are well defined and easily 
available [9]. Prior to introduction to dental clinical 
practice, physical property and biocompatibility 
accuracy assessment of dental materials is imperative 
[7]. Within this context, restorative materials 
entail thorough evaluation with respect to their 
interaction with the vital tissues, because they may 
release substances resulting in allergic reactions and 
inflammation [8]. The aim of the study was to assess 
the cytotoxic and apoptotic effects of eight indirect 
restorative materials by using XTT cell proliferation 
assay, xCELLigence real-time cell analysis system and 
Annexin-V PI staining on fibroblast cells. 

2. MATERIALS AND METHODS

Three metal framework restoration materials [Gold-
based alloy (A), Chromium-Cobalt  alloy (B) and 
Nickel-Chromium alloy (C)] and five metal-free CAD/
CAM materials [fiber-reinforced-resin-blocks (D), 
resin-nano-ceramic (E), lithium-disilicate-reinforced-
ceramics (F), monolithic-zirconia (G) and feldspathic-
ceramics (H)] were studied. They are shown in Table 
1. 36 disc-shaped specimens (h=2mm, Ø=5mm) 
were prepared in accordance with ISO 10993–5: 
Tests for Cytotoxicity - In Vitro Methods [10] for 
each material group. For the A, B and C groups; the 
disc-shaped wax patterns (2x5mm) were produced 
with conventional lost-wax technique using an 
induction-casting machine (Argonocaster-C, Shofu, 
Japan). The casting method was performed under 
the pressure of argon gas and vacuum suction, and 
afterwards standard dental laboratory procedures 
were performed. 
After casting, air particle abrasion with 100µm 
aluminum oxide particles (80 psi=5.62 kgf/cm2) 
was applied to the discs. For polishing process, 
400, 600, 1200 and 2000 grit silicon carbide papers 
were utilized and the polishing was completed with 
diamond and aluminum oxide pastes. For the D, E, 
F, G, and F groups, the CAD/CAM blocks were cut 
using a low-speed diamond saw (Mecatome T180; 
Presi, Grenoble, France). F and G discs were sintered 
according to the manufacturer’s instructions. 
Then, OptraFine ceramic polishing system (Ivoclar 
Vivadent, Schaan, Liechtenstein) was used for 
polishing the surfaces of the specimens, complying 

with the manufacturer’s instructions. Subsequently, 
the specimens were placed into an ultrasonic 
water bath (Whaledent Biosonic Jr, Whaledent 
International, New York, NY) for 10 minutes and 
then dried. A total of 288 specimens (n = 36 per test 
material) were prepared. Each group was divided 
into three (n =12 per group) randomly; two groups 
were assessed with the cytotoxicity assays, while the 
other group was used for the apoptosis assay. 

2.1. Preparation of medium extracts 
The sterilization process was made with 16 kGy 
gamma irradiation (Gamma-Pak Sterilization Ind., 
Tekirdag, Turkey). Then the sterilized disc samples 
were transferred into 96-well plate and each well 
was filled with 150 μL Eagle's Minimum Essential 
Medium (EMEM) containing 10% fetal calf serum 
(FBS) with 100 U/mL of penicillin-streptomycin. 
In control group, there were no specimens in the 
well plate. All plates were incubated in a highly 
humidified atmosphere containing 5% CO2 at 37°C; 
medium extracts of the test materials were collected 
at 1st and 7th days and were stored in −20°C until 
cytotoxicity experiments.

2.2. Cytotoxicity assay 
L929 cell line was obtained from the American Type 
Culture Collection (ATCC, Manassas, VA) and grown 
in EMEM culture medium that was supplemented 
with 10% FBS and 1% penicillin-streptomycin in a 
humidified atmosphere with 5% CO2 at 37°C. XTT 
Cell Proliferation Kit (Roche Applied Science, Basel, 
Switzerland) and xCELLigence real-time cell analyzer 

 Figure 1.  Mean and standard deviation (SD) values of cell viability 
comparison among the 1st and 7th day medium extracts of restorative 
materials obtained from XTT assay. 

 Figure 2.  Mean and SD values of cell viability comparison among the 1st 
and 7th day medium extracts of restorative materials obtained from 
xCELLigence assay. 

 Figure 3.  Apoptosis analysis for 1st and 7th day medium extracts of 
restorative materials. Bar graphs showing the percentage of cell 
populations (early apoptosis, late apoptosis and necrosis) in treated cells. 
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(Roche Applied Science, Basel, Switzerland) were 
used to assess the cytotoxicity of the samples. 
For the XTT assay; 3 × 104 cells/well were plated in 
a 96-well plate for 24 hours. The next day, 100 μL of 
culture medium extract of each test material was 
pipetted immediately into each well containing L929 
cells. Formazan formation was quantified spectro- 
photometrically at 450 nm with a microplate reader 
(Thermo, Vantaa, Finland) following 48 hours of 
incubation. xCELLigence real-time cell analyzer 
measures electrical impedance across micro-
electrodes integrated on the bottom of tissue 
culture e-plates. 3x104 cells/well were seeded in 100 
μL medium and incubated for 24 hours. 
Next day, 100 μL medium extracts of each test 
materials were added to the wells. Cell impedance 
was measured every 15 minutes for a period of 
3 days. All experiments were applied in triplicate 
and the data was assessed with the xCELLigence 
software (ACEA Biosciences). In order to determine 

the cell viability, the classification used by Sjogren et 
al [11], was utilized. If cell viability was below 30%, 
the material was accepted as severely cytotoxic. 
Moderately cytotoxic materials scored 30–59% cell 
viability, while slightly cytotoxic materials scored 
60–90% and non-cytotoxic materials scored above 
90% [11].

2.3. Apoptosis assay
L929 cells were seeded into 96-well plate at a 
density of 3×104 cells/well. Following 24 hours 
incubation period, 100 µL of the medium 
was aspirated and the cells were treated with 
100 µL medium extracts of test materials.  
The cells were gathered after 48h of the treatment, 
washed with phosphate buffered saline (PBS) and 
assessed with apoptosis detection kit (Annexin V 
FITC/PI, Roche Applied Science) using BD Accuri C6 
Flow Cytometer (BD Biosciences, San Jose, CA).

 Figure 2.  Annexin V/PI staining of indicated cell groups. Cells were treated with 1st, 3rd and 7th day medium extracts of restorative materials for 48h and 
then subjected to flow cytometric analysis. (LL: Vital cells, LR: Early apoptosis, UR: Late apoptosis, UL: Necrosis). 

Atay A, et al.

O
ri

g
in

a
l A

rt
ic

le
s 

155-162158



Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

2.4. Statistical analysis
Three replicated spectrophotometric measurements 
of XTT assay were completed to calculate the cell 
viability rates of the samples. Real-time cell analyze 
data was evaluated with the XCELLigence software. 
The normality of the data distribution was tested by 
using the Kolmogorov-Smirnov test. 
The data were normally distributed. One-way 
ANOVA and Tukey’s multiple range tests were used 
with SPSS for Windows (22.0, SPSS Inc., Chicago, IL), 
p<0.05 was considered significant.  

3. RESULTS 

The survival, early and late apoptosis, and necrosis 
cell rates of 1st and 7th days medium extracts of 
eight different prosthetic restoration materials 
which were obtained by XTT, xCELLigence test (Figs. 
1, 2) and apoptosis analysis (Figs. 3, 4) are presented.  

3.1. Cytotoxic effects of prosthetic restoration materials
Regarding cell viability, among the material groups 
statistically significant differences were observed 
between the 1st day and 7th day medium extracts 
measurements (p<0.05). The lowest cell viability 
was seen in F group both xCELLigence and XTT 
experiments (p<0.05). 
On the 1st day, the highest cell viability values 
were observed in E and H groups, whereas C and F 
groups displayed the lowest cell viability with both 
xCELLigence and XTT tests (p<0.05). No significant 
differences were observed between A and B; and D 
and G groups (p>0.05). 
On the 7th day, the cell viability was significantly 
affected by the material type (p<0.05). E group 
showed the highest viability value and had an 
enhanced effect on cell survival, while F group 
displayed the lowest cell viability both with 
xCELLigence and XTT tests (p<0.05). 
There were no substantial differences among A, 
G and H; B and C groups, respectively in all test 
methods (p>0.05).
The cell viability of B, F, G and H groups decreased 
over time both with XTT and xCELLigence tests 
(p<0.05). However, no significant differences were 
discerned among A, C, D and E groups regarding 
time periods (p>0.05). 
Considering the 7-day observation period, among 
the tested materials E group showed the highest 
cell survival values, whereas F group displayed the 
lowest cell viability, both with xCELLigence and XTT 
tests (Figs. 1, 2).
Throughout the entire test period, A, D, E, G and H 
groups continued to exhibit cell viability between 
60–90%. Hence, these materials were considered as 
slightly cytotoxic. 
The C and F groups were moderately cytotoxic at all 
incubation periods (Figs. 1, 2). On the other hand; 
Group B was slightly cytotoxic on the 1st day but 
moderately cytotoxic on the 7th day.

3.2. Apoptotic effects of prosthetic restoration materials
Within different incubation periods, apoptosis 
rates of the prosthetic restoration materials varied 
significantly (p<0.05). 
F group presented the highest apoptosis rates for 
both 1st and 7th days (54.27±3.95; 63.27±2.96) 
whereas the lowest apoptosis rates were observed in 
E (17.01±2.02; 21.73±1.55) and H group (21.80±1.71; 
33.03±2.66). C and B groups followed with the 
45.97±2.59, 40.53±2.83 and 51.03±3.66, 52.36±2.57 
apoptosis rates on the 1st and 7th days, respectively 
(Figs. 3, 4).
 
4. DISCUSSION 

Currently, wide ranges of restorative materials for 
fixed prosthodontics are available in the market 
for dental practitioners’ use [7]. Dental casting 
alloys have played a major role in the restorative 
treatment of the patients, but this role has changed 
considerably in recent years due to the development 
of more durable resin-based composites and the 
improvement of all-ceramic restorations. Never-
theless, alloys will continue to be a commonly 
used material for fixed prosthetic restorations for 
the upcoming years [12], despite the fact that 
their mutual shortcoming remainis the long-term 
presence of all fixed prosthodontic materials in the 
oral cavity [7]. Considering that biocompatibility is 
one of the critical factors affecting the treatment 
outcome, the biomaterials that are used for partial 
or complete substitutions of tooth and/or oral 
tissues should be examined thoroughly before 
clinical applications [13-15]. Fortunately, increasing 
development of the innovative materials in dental 
applications has led to an improved awareness of the 
biological risks and restrictions of these materials. 
Monitoring the cell viability is crucial for biomedical 
study both from a systematic view to comprehend 
the biochemical and molecular pathways regulating 
cell viability, and from a therapeutic approach to 
acquire agents that modulate cell viability [16]. 
Cell culture method is considered as a coordinated, 
reproducible, and cost-effective technique to 
investigate the biocompatibility [17]. Dental 
materials’ biocompatibility is commonly investigated 
with cytotoxicity and apoptosis tests [18]. In the 
present study, XTT and xCELLigence systems were 
used to assess the cytotoxicity. The xCELLigence 
system uses impedance as readout and provides 
dynamic and real-time monitoring of cellular 
phenotypic changes. By means of continuous 
monitoring, this system perceives between various 
disturbances of cell viability, for instance senescence, 
cell cycle arrest, and cell death. Additionally, the 
time perseverance of the xCELLigence system 
provides determination of the optimal time points to 
accomplish standard cell viability assays, alongside 
with other end-point assays to comprehend action 
mode [16]. XTT cell proliferation is a colorimetric 
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assay system that measures formazan products 
produced by metabolically active cells and is used as 
a common cell culture method [19]. The programmed 
death of cells is apoptosis, and it is essential for the 
sustenance of homeostasis. The flow cytometric 
apoptosis assay is another method that specifies the 
cells that have started the apoptotic pathway [20,21]. 
Al-Hiyasat et al. [22], investigated the cytotoxicity of 
high-noble alloy and base-metal alloys by the di-
Methyl Thiazol diphenyl-Tetrazolium (MTT) method 
on Balb/C 3T3 fibroblasts, and revealed that the 
difference in the composition of alloys markedly 
affected their cytotoxicity potential. They stated 
that the high concentration of chromium (Cr) and 
molybdenum (Mo) have reduced the cytotoxicity 
[22]. On the contrary, in the present study, the cell 
viability was lower in Group C with 11%Mo than 
Group B with 3.5% Mo in the 1st day of the tests, and 
also, higher apoptosis rate was observed in Group 
C. Tai et al. [23], investigated both the corrosion 
rates and Cr, nickel (Ni) and beryllium (Be) release 
of alloys in artificial oral environments. According 
to their study, nickel release was higher than that of 
chromium. Parallel to their findings, in the present 
study, on the 7th day tests, the decrease in the cell 
viability of Group C may be attributed to the Ni 
release. On the contrary, Schedle et al. [24], stated 
that Cobalt (Co) ions are more toxic than Ni ions, and 
the increase in Co content in an alloy would increase 
the toxicity of the material. In the present study, 
one of the highest apoptosis induced groups on the 
first day was the Ni-Cr-Mo alloy group (45.97%). In a 
similar study where biocompatibility and apoptosis 
effects of Au, Titanium (Ti) and Ni-Cr alloy on L929 
fibroblast cells were investigated, apoptosis was 
inducted via Caspase-3 and Caspase-9 mRNA 
expressions increase in Ni-Cr material [25].
Wataha et al. [26],  tested different gold alloys for 
element release into cell-culture medium, and 
reported that Au and Pd ions generally did not 
dissolve into the medium, but silver (Ag), copper 
(Cu) and zinc (Zn) ions were frequently dissolved. In 
another study, Sjörgen et al. [11], investigated the 
cytotoxicity of 15 different metals, dental alloys and 
ceramic materials, and reported that the Au alloy 
with 0.6% Zn showed moderate cytotoxicity. In the 
present study, slight cytotoxicity was revealed for 
the Au alloy with 1.4% Zn content.  
Faria et al. [27], investigated the cytotoxicity of 
Ti6Al4V, CpTi, Ni-Cr and Co-Cr alloys on SCC-9 cell 
lines with cell viability and quantity. Surprisingly, 
they found that Co-Cr alloy was cytotoxic but Ni-Cr 
alloy was not. In the present study, Cr-Co alloy was 
slightly cytotoxic, as well. Similarly, in-vitro cyto-
toxic effects of elements released from gold alloy 
are also reported [7]. Therefore, clinicians should 
be aware that Au alloy is not completely inert 
and biocompatible with oral tissues. The clinical 
relevance of these findings remains unclear and 
further in-vitro studies, as well as controlled clinical 

trials, are needed due to possible exceptions.
Although dental ceramics are known as chemically 
inert materials, a specific inert property of a ceramic 
cannot be attributed as a general feature to all 
ceramics since different ceramics have distinctive 
chemical configurations [28]. In addition to the 
diverse constituents and microstructures of the 
ceramics and the corrosive properties, the period 
and the temperature of the environment they are 
exposed to may negatively affect their chemical 
behavior [29]. Because of the structure and pH of 
saliva, pH of foods, plaque amount and the presence 
of abdominal acids, oral environment is considered 
corrosive. As a result of deterioration of chemical 
stability, release of potential toxic inorganic ions 
from dental ceramics may increase [28]. Milleding et 
al. [29], investigated the corrosive behaviors of crystal 
and oxide ceramics in liquid and acidic mediums, 
and reported that crystal ceramics like Empress was 
prone to corrosion more than oxide ceramics like 
zirconia and alumina. Nevertheless, massive loss 
of ceramics is very hard to investigate technically 
due to the oxidation of the released elements and 
the phenomenal precision of atomic absorption 
methods [30]. In their investigations concerning the 
cytotoxicity of disilicate materials, Messer et al. [30] 
and Bracket et al. [31], stated that, regardless of the 
materials fabrication methods and minor structural 
differences, Empress 2 is biologically precarious. In 
a previous study, IPS e.max CAD material was not 
found toxic [32]. Nevertheless, in the present study, 
lithium disilicate material Rosetta SuperMill was 
considered as moderately toxic. This contradiction 
may be attributed to the distinctive material compo-
sitions in different brands.
Y-TZP based materials produced by CAD/CAM 
systems are introduced to be utilized both in esthetic 
and load bearing areas. With superior esthetics and 
physical features, zirconia is the preferred material in 
current procedures [33]. Shin et al. [34] investigated 
the cytotoxicity of the zirconia posts cemented with 
different materials on L929 cells, and reported that 
zirconia posts alone did not reveal toxicity. 
Frese et al. [35] declared that composites with fiber 
content exhibited minor toxicity. In the present study, 
fiber reinforced resin material exhibited less toxicity 
compared to the other materials tested. This finding 
may be attributed to the controlled polymerization 
of the CAD/CAM resin materials under optimum 
pressure and temperature during manufacturing 
process [32]. The major limitation of this study is 
that it is an in-vitro study accomplished in laboratory 
conditions, and the results cannot be directly 
valid for clinical practice. However, the results may 
provide additional information for clinicians during 
material selection. Permanent cell lines from mouse 
fibroblasts were used in this study, but in future 
studies primary cells (e.g., gingival fibroblasts) may 
be preferred due to their better mimicking ability of 
the oral environment.
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5. CONCLUSIONS

Within the limitations of this in vitro study, the 
following conclusions were drawn:
1) Rosetta SuperMill (Lithium disilicate ceramic 
material group (F)) revealed the highest apoptosis 
rate and the lowest cell viability at all incubation 
periods.
2) Cr-Co alloy material group (B), Ni-Cr alloy material 
group (C) and F group had moderate cytotoxic 
effects on the day 7. 
3) Au alloy material group (A) showed similar cell 
viability result with Cr-Co alloy material group (B) 
on the 1st day, whereas B group showed moderate 
cytotoxicity at the end of the 7th day. 
4) CAD/CAM restorative materials with fiber and 
resin content had favorable viability results.
5) All fixed restoration materials presented a variable  
degree of cytotoxicity potential.
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Questions 
1. Choose the content of the high noble alloys below:
qa. <60% Au, Pd;
qb. ≥60% Au, Pt, Pd and ≥40% Au;
qc. ≥25% Au, Pt, Pd;
qd. <25% Au.

2. Which of the following is the element released from cast alloys and shown as the main 
(toxic) cause of oral tissue reactions such as gingival inflammation?
qa. Au;
qb. Ni;
qc. Cr;
qd. Co.

3. Which of the following is a colorimetric assay that measures formazan products 
produced by metabolically active cells and is used as a common cell culture method?
qa. XTT assay;
qb. MTT assay;
qc. xCELLigence system;
qd. Apoptosis assay.

4. According to the results of this study, which materials showed favorable viability 
results?
qa. Cr-Co alloy;
qb. Lithium disilicate glass-ceramic;
qc. Fiber reinforced composite material; 
qd. Ni-Cr alloy.
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Introduction The COVID-pandemic does not leave the dental practice unattended. The objective is to 
analyze why the COVID-19 pandemic urges changes in daily dental practice in the Belgian context. 
Methodology The Leuven University Hospital’s view is based on Belgian and Leuven University data and 
existing guidelines concerning hygiene measures in dental practices. The approach chosen is a narrative 
qualitative approach. 
Results Although no transmission of COVID-19 has been reported in Belgian dental practices, the number 
of health care workers infected and deceased urges for safety measures. 
Conclusions In the absence of a vaccine and of reliable data about the infectivity of droplet and droplet 
cores, dental procedures causing aerosol should be considered as possible sources of viral spread when 
treating contagious patients, symptomatic or asymptomatic.

ABSTRACT

COVID-19; Aerosol; SARS-2-COV; Personal Protective Equipment; Respirator.

KEYWORDS

OPEN ACCESS This is an Open Access article under the CC BY-NC 4.0 license.
Peer-Reviewed Article

Citation: Politis C, Schuermans A, Lagrou K, Vande Putte M, Kruth JP. IInfluence of the COVID-19 pandemic on dental practice: why measures should 
be taken - the experience of an European University Hospital (part 1). Stoma Edu J. 2020;7(3):163-174.
Received: September 13, 2020; Revised: September 18, 2020; Accepted: September 20, 2020;  Published: September 21, 2020
*Corresponding author: Prof. Dr. Constantinus Politis, MD, DDS, MM, MHA, PhD; Full Professor & Chairperson Oral & Maxillofacial Surgery 
Kapucijnenvoer 33B, BE-3000 Leuven, Belgium
Tel. +32 16 341780; Fax: +32 16 332437; e-mail: Constantinus.Politis@uzleuven.be
Copyright: © 2020 the Editorial Council for the Stomatology Edu Journal.

1. INTRODUCTION

After the outbreak of COVID-19 in Wuhan, China, the 
virus spread to the rest of the world and on March 
11th, 2020, the COVID-19 pandemic was formalized 
by the World Health Organization. On March 18th 
2020, the lock-down was decreed in Belgium and 
many dental practices decided to carry out only ur-
gent treatments. A gradual reopening from 18.5.2020 
was again possible thanks to guidelines from Scien-
sano concerning the organization of the dental prac-
tice. The government provided with an additional 
20 € per treated patient up to maximal 200 patients 
per month as from March 1st – December 31st 2020. 
This manuscript (in two parts) is intended to provide 

an answer to the question why measures should be 
taken by the dental community (part 1 of the manu-
script) and which measures should be taken in the 
general dental practice based on the experience and 
the guidelines issued at Leuven University Hospitals 
(part 2 of the manuscript).

2. METHODOLOGY

In contrast to the flu, the COVID-pandemic has 
caused massive overload of the hospital system in 
different European countries (Italy, Spain). The dis-
ruptive nature of the pandemic urges an analysis 
of  the chain of transmission and its translation into 
daily dental practice. There is a substantial differ-
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163

 https://orcid.org/0000-0002-0998-8241
https://orcid.org/0000-0003-4772-9897
https://orcid.org/0000-0002-0998-8241
https://orcid.org/0000-0001-8668-1350
https://orcid.org/0000-0003-0556-5345
https://orcid.org/0000-0003-0362-8875
https://orcid.org/0000-0003-4772-9897
 https://orcid.org/0000-0002-0998-8241
 https://orcid.org/0000-0001-8668-1350
https://orcid.org/0000-0003-0556-5345
 https://orcid.org/0000-0003-0362-8875


Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

Politis C, et al.

ence between hospitals and private dental prac-
tices both in guidelines and in exposure to infective 
micro-organisms. The chain of hygiene in hospitals 
offers an excellent framework of existing measures 
which might fit dental practices in an adapted form. 
The Belgian COVID-19 policy is based on a factsheet 
which is written by scientists from the Epidemiology 
of Infectious Diseases Unit of Sciensano, a Scientific 
Public Health Institute. This factsheet is regularly up-
dated and integrates knowledge of over 4000 articles 
published on COVID-19 [1]. The existing guidelines 
for infection control in dental practice in Belgium 
date back to May 4th, 2011 and have not been revised 
since [2]. In Leuven University Hospitals the policy 
followed was to allow only treatments which could 
not be postponed during the lockdown period. Ever 
since the lockdown on Marcht 18th, every patient in 
need of an aerosol producing intervention or treat-
ment was subjected to a COVID-19 RT-PCR test. If 
the test turned out negative, the planned procedure 
was carried out. In case of a positive RT-PCR test the 
procedure is postponed for 14 days without renewed 
taking of the RT-PCR test. In case of a positive RT-
PCR test and medical need for immediate or prompt 
treatment, this was carried out in an isolated facility 
with operating rooms having negative pressure and 
with maximal personal protective equipment includ-
ing PAPR (Powered Air-Purifying Respirators). At all 
times measures of physical distancing, sanitizing and 

wearing of masks were made obligatory in the hospi-
tal setting and remained up to date.

3. RESULTS

As a result of these measures none of the health care 
providers in the oro-maxillo-facial nor dental depart-
ment got infected with COVID-19. If a health care 
provider for one reason of another tested positive, 
contact-tracing was able to determine the source of 
the infection, never being a treated patient. These 
measures inflicted reduced revenue (Fig.1), while at 
the same time incurring new costs (FFP2 masks, RT-
PCR testing, sanitizing measures. The dental com-
munity and the dental alumni of the Catholic Univer-
sity of Leuven  requested scientific substantiation of 
these measures (PART 1 of the manuscript) and their 
translation into daily dental practice (PART 2 of the 
manuscript). 

3.1. The disruptive nature of this pandemic
There are 4 reasons why the COVID-19 pandemic has 
a disruptive effect on dental practice: the raising of 
public awareness through government measures on 
public health hygiene, the characterization of dental 
practice as an increased risk of transmission, the like-
lihood that the dentist himself may be infected, the 
likelihood of stigmatization in the event of a practice-
related epidemic. If a country decides to take little or 
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 Figure 1.  The guidelines issued at Leuven 
University Hospitals caused a significant 
impact on the number of executed oral 
and maxillofacial surgical procedures, 
during and after the lockdown.

 Figure 2.  The infectious chain in its 
simplest form in the COVID-19 virus: the 
source (the patient in the infectious 
phase) - the susceptible person 
(healthcare providers) - the transmission 
route (aerosol, direct and indirect 
contact).
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Influence of the COVID-19 pandemic on dental practice

no action against a growing epidemic in the hope of 
obtaining herd immunity, dentists are also not ex-
pected to change their daily practice routine.  How-
ever, when a country quarantines itself, including the 
outpatient health sector, to prevent the spread of the 
epidemic, the dental practice is paralyzed, except 
for urgent treatment. Once all health concerns have 
been re-established, public opinion will be made 
aware of this infectious agent. For example, there has 
been no national or international public campaign 
on the flu virus and dental practice has not changed 
under the influence of the flu epidemics. If someone 
catches the flu in the waiting room of a dental or 
medical practice, it will not cause stigma to the prac-
tice. However, if several patients in the same practice 
are infected with HIV or hepatitis virus or MRSA or  
Legionella bacteria, this is very stigmatizing when this 
is publicly known. It is therefore not surprising that 
over the past few decades, possible contaminations 
through water, blood and surfaces have been brought 
under control through numerous hygiene, disinfec-
tion, sterilization and organizational measures. And 
certainly, when the dentist and the practice staff can 
themselves become victims of contamination. In the 
circles of ophthalmologists, ENT doctors, dentists 

and CMF doctors - disciplines that are in immediate 
proximity to the patient for more than a few minu- 
tes - it caused a sensation when ophthalmologist Li  
Wenliang from Wuhan alerted the Chinese authori-
ties to the consequences of this "new" coronavirus, 
only to die of it himself on 7 February 2020 [3]. 
The COVID-19 virus will also have an impact on prac-
tice that goes beyond protection against the virus 
itself, but rather on its route of transmission, just as 
HIV, hepatitis and legionella have done previously 
with transmission via blood, surfaces and water.  His-
tory shows that many of the measures that will affect 
outpatient medical or dental practice were imple-
mented much earlier in the hospital sector [4]. 
This will not be different now. As the existing mea-
sures will not disappear, infection control in the den-
tal practice will be extended again. Only this time, a 
pair of sterile gloves or a water filter will not suffice, 
even though – at present- no dental health profes-
sional working in a private practice in Belgium is 
known to have died in the line of duty from Covid-19.

3.2. The chain of infection
A three-pronged approach is necessary because 
three elements are inseparable: the chain of infec-

 Figure 3.  The COVID-19 virus has a two-layer phospholipid membrane 
containing glycoprotein antennae that allow the virus to vaccinate on the 
ACE-2 receptors of human cells (the ACE-2 receptor is expressed in lung 
tissue, the cardiovascular system, the renal and urogenital systems, the gas-
trointestinal system, the endocrine system, the nervous system).

 Figure 4.  An extra-oral fog extraction system.

 Figure 5.  COVID-19 infection and 
disease course: asymptomatic peo-
ple can also be highly contagious 
during the incubation period of the 
virus.
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tion, measures to contain the risk of infection and the 
time factor throughout the epidemiological phases.
In its simplest form, the chain of infection is charac-
terized by three basic elements: the source - the route 
of transmission - the susceptible individual [5]. (Fig. 2)
Measures to contain the risk of infection are classi-
fied according to a certain hierarchy, ranging from 
elimination of the source of infection to technical 
measures, from organizational measures to personal 
protection measures.
The epidemic has a bell-shaped progression with 
an accumulation phase until a peak and then a de-
cline that never reaches zero and - in the absence of 
a vaccination programme - can lead to new local or 
generalized outbreaks [6]. Depending on the phase 
of the epidemic, the impact on dental practices var-
ies. The health policy choices that the country makes 
throughout these phases also have a major influence 
on the overall picture.

3.3. The virus
There are 7 coronaviruses that can infect humans, 
with SARS-CoV-1, SARS-CoV-2 and MERS-CoV 
spreading worldwide. SARS-CoV-2 (severe acute re-
spiratory syndrome coronavirus 2) is a respiratory 
single stranded RNA-virus and is responsible for the  
COVID-19 pandemic. Scientists in Hong Kong had al-
ready warned in 2007 about this "time bomb", which 
was triggered in 2020 [7,8]. 
The virus is relatively small, about 125 nm (0.125 µm) 
in diameter [9]. It is spherical and its mantle consists 
of a two-layered lipid membrane in which antennae 
of glycoproteins (so-called 'spike proteins') are an-
chored that protrude (Fig. 3) and allow them to con-
nect to ACE-2 receptors in the respiratory epithelium 
(and other cells with ACE-2 receptors). Inside the cas-
ing is the viral RNA genome. The entry points are the 
respiratory epithelium and the oral epithelium, but 
the oral epithelium has a greater washing effect, so 

the viral load mainly affects the respiratory epithe-
lium [10]. The ocular epithelium can also become in-
fected with the virus. The virus is excreted through 
the faeces and faecal-oral transmission is theoreti-
cally possible, but infection through the digestive 
system has not been proven [11,12]. 
Blood-borne transmission has also not been proven 
[13]. The virus cannot do anything on its own and is 
inactive outside a host. The virus is carried by a drop 
and it is this drop that can be stopped by mouth 
masks. The virus therefore likes humidity and is be-
lieved to persist longer in humid conditions [14]. 
The virus is lipophilic and can be relatively easily de-
activated with 75% ether and many disinfectants: 
alcohols (ethanol 70% or isopropanol 70-80%), io-
dine 0.5%-1% (iodized alcohol, iodophors such as 
povidone-iodine), chlorinated compounds such as 
sodium hypochlorite 0.1% (bleaching javelin), per-
oxyacetic acid, hydrogen peroxide (hydrogen perox-
ide from 1%) and also quaternary ammonium com-
pounds such as ammonium chloride (deterioration 
of the lipid membrane) [1,15]. 
Chlorhexidine digluconate is not suitable for the in-
activation of the COVID-19 virus [16]. Chloroxylenol 
0.12%-0.24% is only suitable for surfaces but not for 
the inactivation of viruses on the skin (Dettol wax 
gel) [17]. Benzalkonium chloride is not sufficiently ef-
fective against the corona virus [16].
Physical disinfectants are also suitable: a temperature 
of 56°C for 30 minutes, UV-C rays are all suitable for 
inactivation. Thorough hand washing with ordinary 
soap also dissolves the lipid mantle, which inacti-
vates the virus, as the soap molecules trap the virus 
particles and form micelles [18]. 
The virus can only survive for a very limited time out-
side a host. It needs a host to survive, multiply and 
spread. The ideal host for an epidemic is a host that 
remains asymptomatic or does not become (too) 
sick, that does not develop antibodies and in which 

Politis C, et al.

 Figure 6a.  Evolution of the situation in UZ Leuven between 14.03.2020 and 26.06.2020. The orange (ventilated) and grey (unventilated) bars show 
patients admitted to the intensive care unit; the blue bars show patients admitted to hospital wards. During this period COVID-19-positive patients are 
separated from COVID-19-negative patients for surgical interventions. Only urgent procedures can be performed on COVID-19-positive patients. For this 
purpose, all patients who qualify for surgery will be examined using PCR.  

163-174166



Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

the virus can survive and multiply, after which the 
host continues to spread the virus; in short, a host 
that is a good carrier and super spreader.

3.4. Route of transmission
For dental practice, 3 situations are important in the 
transmission of the COVID-19 virus [19].
3.4.1. Transmission from the patient to the dentist 
and auxiliary personnel.
An infected person can infect the dentist and aux-
iliary personnel through direct contact (hands) or 
indirect contact (surfaces), through drip contamina-
tion (moisture particles) or through contaminated 
air (drip cores) when coughing, sneezing, talking. 
Contamination by droplets and droplet nuclei is also 
called aerosol contamination. The aerosol also con-
tains contaminated water, blood, saliva and solid 
particles (pieces of scale). There is no transmission 
through blood splashes, needlestick injuries or tap 
water. 
3.4.2. Patient transmission to the following patients
Transmission between patients occurs through indi-
rect contact with contaminated surfaces, materials 
and instruments and by holding contaminated aero-
sols in treatment rooms or through the dentist.
3.4.3. Transmission from dentist to patient
Transmission by an asymptomatic carrier dentist is 
possible by aerosol transfer, by direct or indirect con-
tact, but it is more likely to be a dentist who still car-
ries the viral load of a previous patient and transmits 
it by direct or indirect contact, not by aerosol transfer.

3.5. Aerosol
Aerosol is a fine suspension of liquid and solid par-
ticles. This suspension is responsible for the transfer 
of micro-organisms into the air. These particles con-
sist of droplets or droplet cores. The droplets are by 
definition > 5 μm ("Flügge" droplets) and are carried 
up to 1.5 m away when sneezing and coughing, but 
do not remain suspended in the air due to the heavy 
weight [20]. Droplet cores, on the other hand, are 
between 1 and 5 μm in size, remain in the air for a 
long time and are transported over long distances. 
Coughing and sneezing can transport particles up to 
9 meters. Droplets and droplet nuclei are both part of 
the aerosol and can contaminate surfaces [21]. In ad-
dition, an aerosol also contains contaminated water, 
blood, saliva and solid particles. Breathing also en-
sures air circulation when transporting the aerosol. 
An adult breathes 5 to 8 liters of air per minute. This 
can go up to 70-100 liters per minute with very great 
effort. The particle size determines the depth of the 
inhalation route through the nose or mouth. Large 
particles are captured by the mucous membranes 
of the nose, mouth and oropharynx. Particles < 10 
μm are inhalable and can reach the lungs. Finer par-
ticles < 2.5 μm can penetrate the halves of the lungs 
(22). Ultrafine particles < 0.1 μm (100 nm) can be ab-
sorbed directly into the blood stream. COVID-19 vi-
ruses penetrate deep into the respiratory epithelium 
via the aerosol but cannot enter the bloodstream. 
Although no clinical studies are available, it is as-
sumed that an aerosol containing the COVID-19 virus 
remains contagious for about 3 hours. Modifying fac-

Influence of the COVID-19 pandemic on dental practice

 Figure 6b.  Daily overview of the number of positive and negative COVID-19 tests performed at UZ Leuven. In mid-June 2020, the number of positive 
PCR tests in asymptomatic patients fell to 1 positive in 1368 patients (0.07%), at a cost of 46.80 euros per PCR test.
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tors are the degree of aspiration of the aerosol, the 
number of air changes in the room, humidity, airflow 
characteristics and room temperature. As a high vi-
ral load in infected patients is more often associated 
with a more severe course of the disease, it is rec-
ommended to keep the aerosol viral load as low as 
possible. Super spreaders are asymptomatic patients 
with a high viral load during aerosol production. The 
fact that this issue is taken seriously in the medical 
world is demonstrated by modified resuscitation pro-
tocols where mouth-to-mouth resuscitation in adults 
is no longer allowed because the risk of infection is 
estimated to be almost 100%. There is good experi-
mental evidence that the COVID-19 virus survives in 
aerosol form for 3 hours on plastic and stainless steel 
for 72 hours, but less than 4 hours on copper surfa- 
ces [23]. This is little compared to the Coxsackie virus 
which survives more than 2 weeks on surfaces and 
the Hepatitis B virus which can survive more than 14 
days in a splash of dried blood on a surface. There is 
no clinical evidence or in vivo measurements of the 
COVID-19 virus in aerosols. There are no known num-
bers of COVID-19 viruses in aerosols, let alone wheth-
er they are "infectious". On the other hand, however, 
there is overwhelming clinical evidence of doctors, 
dentists, nurses who have treated COVID-19 patients 
without protection (and sometimes even protected) 
and have fallen ill to a much greater extent than the 
average population. For other viruses as well, serologi-
cal monitoring shows that they have more antibodies 
against the cytomegal virus (CMV), the Epstein-Barr 
virus (EBV), but also against the Legionella bacteria 
than the general population. In short, aerosols can-

not be considered a "fictitious" risk in the absence 
of hard evidence-based data on aerosols produced 
in dental practices. Aerosol-generating procedures 
include those in oro-maxillo-facial surgery and den-
tal care : tracheotomy and tracheostomy care; airway 
suctioning; drainage of abscesses, wound irrigation; 
use of ultrasound scalers; use of piezotomy; use of 
turbines and high-speed hand and angle pieces; 
use of airway syringe ; use of electrocoagulation; in-
spection of the throat or base of the tongue using a 
tongue depressor; anterior rhinoscopy; endoscopic 
examinations of the naso- or oropharynx; all intu-
bations of the nose or mouth; tooth extractions; all 
surgical procedures in the mouth, jaws or face [24, 
25]. The possibilities of preventing contamination by 
aerosol production in the oro-maxillo-facial surgery 
practice are limited: prior rinsing of the patient with 
iodophoric water or hydrogen peroxide; use of os-
teotomes for extraction; use of self-tapping screws. 
In addition, air and smoke control systems must be 
used as usual; in hospital operating theatres: nega-
tive pressure in the operating theatre; ± 60 air chang-
es per hour in an operating theatre, smoke extraction 
systems, HEPA filtration and complete cleaning of the 
operating theatre between two patients. HEPA filtra-
tion stands for High Efficiency Particle Air Filter and is 
a filter that physically removes harmful microorgan-
isms but does not inactivate them [26,27]. In dental 
practice, the use of the rubber dam simultaneously 
with the surgical aspiration allows a reduction of ± 
70% of aerosols [28,29]. Here too, it is advisable to 
rinse the patient beforehand with isobetadine or hy-
drogen peroxide.  The use of osteotomes for dental 

Politis C, et al.

 Figure 6c.  Number of COVID-19: percentage of positive tests of all tests performed at UZ Leuven.
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pieces fitted with anti-retraction valves is recom-
mended [30]. Ultrasound, piezoelectric and angle 
handpieces should be avoided if a good alternative 
is available. Here again, air treatment systems will be 
used in addition to extra-oral fog extraction systems 
for aerosols, although the latter penetrate the work-
ing field (Fig. 4). The systems that have been known 
for a long time in the hospital sector will be used as 
a basis for achieving germ reduction. It is not known 
how many COVID-19 viruses are contained in one ml 
of aerosol, but it is known that 1 ml of saliva contains 
about 10 million bacteria and also that 15 minutes of 
unprotected operation corresponds to the inhalation 
of 0.014-0.12 μl of saliva per aerosol. The use of at-
ropine for dry mouth has been observed in patients 
who drool but not in healthy patients. Hypothetically, 
dry mouth should lead to a reduction in aerosols, but 
this is not supported anywhere.

3.6. The patient as the source of COVID-19 virus
As soon as the virus enters the patient and is an-
choring its antenna-like glycoproteins on the ACE-2 
receptor of the epithelial cells, the latent phase be-
gins in which the virus must develop a whole pro-
duction chain in order to replicate and release the 
newly formed viruses. The latent phase ranges from 
infection to the release of new infectious virus par-
ticles and the latent phase is immediately followed 
by the period of transmissibility or infectivity [31,32]. 
This phase is also known as the infectious phase. The 
exact duration of the latency phase of the COVID-19 
virus cannot be determined precisely but varies be-
tween 1 and 4 days. The duration of the transmissibil-
ity period (contagious phase) is also not known with 
certainty, but as a guide, a 14-day contagious phase is 
maintained, with patients who present symptoms for 
the duration of clinical symptoms being considered 
contagious. The fact is that symptomatic patients 
are more contagious than asymptomatic. In some 
studies, PCR positivity has been established up to 37 
days [33]. The patient's clinic does not strictly follow 
the path of virus replication and therefore does not 
follow the line between the latent and contagious 
phases. The patient clinically follows an incubation 
period (first asymptomatic phase) followed by either 
an asymptomatic or symptomatic evolution, iden-
tifying a diverse spectrum of diseases ranging from 
mild, moderate, severe, critical to fatal. The incuba-
tion period does not run parallel to the latent phase 
(Fig. 4). The patient starts to be contagious during the 
incubation period when he or she is not yet aware 
of a disease, in the asymptomatic phase. This means 
that simple questioning and examination of the pa-
tient's symptoms is not sufficient to detect infected 
patients [34,35,36]. The most important contagious-
ness is at the beginning of the disease course, dur-
ing the period when symptoms are minimal to mild. 
During the incubation period, therefore, screening 
tests are used [37]. The incubation period of the CO-

VID-19 virus is estimated at 5-6 days, with a range of 
1-14 days [38]. This is very different from the SARS-1 
virus, which has an incubation period of 2-7 days, but 
where the person carrying the virus is infectious only 
after showing symptoms. In MERS, infectivity is pres-
ent during the incubation period of 2-14 days, but 
human-to-human infection is relatively limited. SARS 
and MERS infection is mainly associated with nosoco-
mial spread, while COVID-19 virus is transmitted by 
aerosol, contact and possibly fecal-oral transmission 
in the community (RNA for the virus has been found 
in the faeces of patients, but actual fecal-oral trans-
mission has not been demonstrated yet). For all three 
coronaviruses (SARS, MERS, COVID-19), transmission 
on emergency health personnel has been detected 
[39, 40]. It is completely unknown how many viral 
particles a person has to inhale in order to become 
infected. For the Ebola virus, one article on the virus 
is sufficient. For the noro-virus, 10 to 100 virus par-
ticles are sufficient. For the coronavirus, it is assumed 
that 100 to 1000 virus particles are required for an 
infection. A number of host-related factors also play 
a role (diffusion of receptors in the respiratory tract, 
advanced age of the patient, ...).

3.7. Evolution of COVID-19 disease
In general, it can be said that a large number of in-
fected patients remain asymptomatical. Depending 
on the infected groups (cruise ships, aircraft carri-
ers), it is known that between 20 and 60% of patients 
with a positive PCR test result were asymptomatic. 
For those with a symptomatic course, about 80% will 
mainly have a flu-like viral syndrome characterized by 
fever, dry cough, sore throat and some general symp-
toms. Prodromal symptoms are possible and consist 
mainly of a sudden loss of smell and taste [41]. The re-
maining fraction of patients with symptoms require 
hospitalization, with a significant fraction ending up 
in intensive care with a risk of death from pulmonary, 
cardiovascular, thromboembolic, renal complications 
and/or multi-organ failure. These complications are 
not so much considered as an effect of the virus, but 
rather as a host effect on the virus (excessive immune 
response with cytokine storm) [42]. Not everyone 
has the same risk of developing a serious illness. Ad-
vanced age, male sex, obesity, high blood pressure, 
cardiovascular disease, diabetes mellitus, smoking, 
chronic obstructive pulmonary disease, malignan-
cies, chronic kidney disease, immune incompetence 
are considered to be patients at risk for serious dis-
ease progression. In some reports, health profession-
als are also referred to as "at-risk patients" because 
of the high incidence of infection with serious dis-
eases and even death [43]. For the dental practice, 
the course of the disease is important in order to 
establish good questionnaires to detect potentially 
infected patients in time and to measure body tem-
perature on arrival at the practice.
3.8. RT-PCR screening
As the patient may already be contagious during the 
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addition to the questionnaire, to develop a screening 
test that can detect the presence of viral particles. In 
Belgium, a reverse transcriptase polymerase chain re-
action test (RT-PCR screening test) has been chosen. 
A throat or nasopharyngeal swab is taken and the 
test can detect very small amounts of viral genetic 
material. The detection of viral material is not syn-
onymous with infectivity. This test is not immediately 
readable, but requires a procedure in a clinical biolo-
gy laboratory [44,45]. Under ideal circumstances, the 
sensitivity of this test is particularly high (over 95%). 
However, in real life, it is assumed that false negative 
results of up to 30% are detected when testing upper 
respiratory tract wipers, for several reasons. Incorrect 
sampling is by far the main cause of a false negative 
result, followed by the quality of the wipers, transport 
problems, the margin of error of the test itself, and 
the presence of too few viruses [46,47]. It is assumed 
that these false negative (i.e. truly positive) patients 
have a low level of infectivity. A PCR test is a snapshot 
in which it is often assumed that the result is valid 
for about 48 hours. The guideline at Leuven Univer-
sity Hospitals states that a person with a positive PCR 
test is considered COVID-19 positive, a person with a 
negative PCR test is considered COVID-19 negative, 
and a person who had a positive PCR test 14 days ago 
and has been quarantined since then, and who has 
not had a fever for at least three days, may continue 
to be considered negative after those 14 days with-
out a new PCR test. The reason why no new PCR test 
is recommended is that RNA can remain present for a 
very long time, allowing the PCR test to remain posi-
tive for a long time without proving infectivity [48]. 
In immunocompromised patients, and after a stay in 
intensive care with artificial respiration, it is necessary 
to wait 28 days after a positive PCR test and a new 
PCR test is subsequently recommended. PCR tests 
are logistically cumbersome for clinical biology labo-
ratories, are expensive (€ 46.80 in Belgium and € 60 in 
Germany since the end of May 2020) and the testing 
capacity is limited per country and per hospital. PCR 
testing is particularly useful in communities where 
COVID-positive patients or healthcare providers are 
located (ships, camps, residential care centers, hospi-
tals). Furthermore, the social cost is only justified in 
the phase of the epidemic when PCR testing actually 
influences local policy (Fig. 6 a, b, c). However, once 
the epidemic has passed its peak and a large number 
of tests are needed to find a positive test in an asymp-
tomatic patient, the cost-benefit ratio becomes very 
unfavorable and, in addition to screening, general 
hygiene and prevention measures as well as contact 
tracing will be used. This has repercussions on dental 
practice. During a phase of national closure, it is jus-
tified to state that anyone requiring an aerosol pro-
duction procedure must undergo a PCR test. In the 
event of a negative result, treatment can continue 
with the usual personal protection measures. If posi-
tive, treatment is carried out in health care facilities or 

care centers equipped to treat patients who are posi-
tive for COVID-19 or treatment is deferred for 14 days 
and the patient may undergo the aerosol produc-
tion procedure if they are clinically completely cured. 
This policy can only be justified when the number 
of dental and oro-maxillo-facial surgery procedures 
is limited to emergencies. Once the lock is lifted and 
citizens are allowed to return to the dentist for den-
tal care, the PCR test is no longer a tool that can be 
used in the event of a very low number of positive 
results. Figures from the health insurance funds show 
that about 40-50% of members go to the dentist ev-
ery year and that more than half of the patients go 
to the dentist for curative care, mainly for the treat-
ment of caries. However, there is also aerosol produc-
tion during extractions, periodontal treatment and 
preventive dental care. In total, more than 2 million 
treatments can be carried out. Add to this more than 
300,000 oro-maxillo-facial surgery operations per 
year and it soon becomes clear that a pre-operative 
test at 46.80 euros is not realistic, even if there were 
sufficient test capacity for it. At the Leuven University 
Hospital, as of March 11th 2020, every patient in need 
of an aerosol producing procedure,  receives an RT-
PCR testing the day before the intervention. This pol-
icy has been continued and probably will be contin-
ued until cheaper reliable chair-side testing becomes 
available or an approved vaccine becomes available. 
Without a laboratory test, all that remains is a patient 
questionnaire. Interrogation does not conclusively 
detect an asymptomatic contagious patient, but may 
be indicative of recent contact with a person with a 
COVID-19 diagnosis. There are also a number of draw-
backs to interrogation that allow both false positive 
and false negative conclusions to be drawn. In prac-
tice, the dentist will be faced with a situation in which 
he cannot be sure whether a patient is contagious or 
not with COVID-19. Unlike the influenza virus, which 
repeats itself every year, the dentist is forced to take 
the necessary measures against the transmission of a 
possible COVID-19 virus in the dental practice. 
At least until a sufficient part of the population has 
been vaccinated against the COVID-19 virus.

3.9. Chains of hygiene
Just as there is a chain of infection, there is also a 
chain of hygiene to reduce the risk of exposure to 
germs. Here we identify a series of measures and a 
ranking of these measures. This set of measures is 
usually grouped by sector in guidelines or recom-
mendations. 
3.9.1. Dentistry sector
In 1997, a Belgian guideline for dentistry was devel-
oped under the title "Hygiene in Dental Practice" by 
the Ministry of Social Affairs, Public Health and the 
Environment [49]. It stated that "the spread of the 
Human Immunodeficiency Virus (HIV), the preven-
tion of infections with the hepatitis viruses (HBV and 
HCV) and the increase in cases of Therapy Resistant 
Tuberculosis (TB) are at the root of the greatly in-
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infections in medical procedures in hospitals. To date, 
there are no binding guidelines for measures to be 
applied in the dentist's office. In the absence of any 
form of external control, it is the duty of every dentist 
to assume his or her responsibility in this respect".
This publication was followed by the "Infection  
Control Recommendations during dental care" of 4 
May 2011 issued by the High Council of Health (pub-
lication no. 8363) [2]. The prevention of airborne 
transmission of germs is explicitly mentioned, with 
attention being paid to the use of rubber dam, a 
nebuliser, a nasal mask and a face shield, as well as 
to rinsing the patient's mouth before any procedure. 
These recommendations are not legally binding.
In the Netherlands, the "Guideline on Infection  
Control in Oral Care Practices" is regularly updat-
ed [50]. This is also based on the same concerns as 
above. In the 2016 edition of the Dutch Aerosol Di-
rective it is also stated: "The amount of pathogenic 
micro-organisms in an aerosol is strongly diluted by 
water. Therefore, for most interventions, the risk of 
infection due to aerosol contamination is negligible". 
Perhaps this wording will be changed in a future edi-
tion. In the United States, the Center for Disease Con-
trol and Prevention has also updated the 2016 guide-
lines for infection control and prevention in dental 
offices, but states that "dental facilities are generally 
not designed to apply all transmission-based precau-
tions (for example, airborne infection precautions for 
patients suspected of having tuberculosis, measles, 
or chickenpox) that are recommended for hospitals 
and other ambulatory care facilities.” This is clearly a 
guideline that predates COVID-19 [5]. 
3.9.2. Hospital sector
As far as hospitals are concerned, there is no "no com-
mitment" choice. Infection prevention and control 
manuals in hospitals are more than 1000 pages long 
and there are binding regulations and accreditation 
standards that are verified through internal and ex-
ternal audits of hospitals [51]. The well-known JCI 
audits and JCI hospital accreditations are an expres-
sion of this. Infection control is a set of procedures 
and policies to prevent or stop the spread of infec-
tions [52]. There are two types of measures: standard 
measures and transmission control measures. 
3.9.2.1. Standard measures have been steadily  
expanded over the past several decades. They relate 
to hand hygiene, personal protective measures for 
the health care provider, respiratory hygiene, alloca-
tion of separate rooms for patients, prevention of the 
spread of infections inside and outside the health 
care facility ("environmental control"), safe injection 
techniques, prevention of needlestick injuries, clean-
ing and disinfection of instruments and surfaces. The 
standard measures apply to all patients, whether 
symptomatic or asymptomatic. Environmental con-
trol can be divided into several categories: waste con-
trol, animals in care facilities, washing and bedding, 
samples for control and monitoring, disinfection of 

premises, water and air quality control [4].
3.9.2.2. These standardization measures have long 
since been supplemented by measures to prevent 
transmission by direct or indirect contact, droplet 
and droplet core transmission (aerosol transmission). 
They applied only to patients with or suspected of 
having an infection. 
These additional measures aim to prevent transmis-
sion and consist of isolating patients, defining and 
limiting patient pathways by providing separate 
routes for staff and visitors, limiting the number of 
contacts with the infected person, the use of dis-
posable products and the application of personal 
protection measures also for the person suspected 
of infection, as well as strengthening cleaning and 
disinfection procedures for the environment and 
equipment (both frequency and products as indi-
cated). It seems obvious that a number of measures 
which were generally designed for hospital use and 
related to the transmission of aerosols will have to be 
progressively translated into dental practice. It may 
be possible to progressively review each chapter of 
infection control, but it seems more appropriate to 
take an approach closer to the chain of infection de-
scribed above.  

4. LIMITATIONS AND FUTURE AIMS

The limitation of this paper is that it does not com-
pare two patientgroups and health care providers, 
one following the guidelines and the other not fol-
lowing the guidelines. Future research should de-
termine the number of COVID-19 virus particles in 
dental aerosols and in the air of the dental practice 
in order to quantify the risk of contracting COVID-19 
through droplets and droplet cores.

5. CONCLUSION

The COVID-19 pandemic highlighted aerosol trans-
mission in the chain of infection bringing both health 
professional and patients at risk. Implementation of 
adequate measures in the general dental practice 
can be achieved by returning to solutions that have 
already existed for some time in the hospital environ-
ment and, where possible and feasible, integrating 
them into daily practice. 
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Questions 
1. The COVID-19 virus is a(n):
qa. Enveloped virus;
qb. Non-eveloped virus;
qc. DNA-virus;
qd. Double-stranded RNA virus.

2. The least probable route of transmission is:
qa. Contaminated aerosol;
qb. Contaminated respiratory droplets;
qc. Contaminated fomites;
qd. Blood of COVID-19 patients.

3. PC-R testing for COVID-19:
qa. Allows results to be read in 30 minutes;
qb. Has less false positive than false negative results;
qc. Has hardly ever false negative results;
qd. Is only positive in COVID-19 symptomatic patients.

4. The following is not suitable for the inactivation of the COVID-19 virus:
qa. Ethanol 70%;
qb. Sodium hypochlorite 0.1%; 
qc. Hydrogen peroxide from 1%;
qd. Chlorhexidine biguanide.
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Introduction Continued education is a fundamental characteristic of one’s working life, especially in the 
medical field. Keeping up to date should be a mandatory element of dental practice. Dentin hypersensitivity 
(DH) has been a long-term significant challenge for practitioners due to the uncertainties around its diagnosis 
and treatment. The aim of this study is to assess the knowledge of senior dental students and young doctors 
with respect to this dental pathology.
Methodology A total of 632 self-administered questionnaire were distributed to dental students and 
doctors for data collection. The 10 questions investigated the knowledge about the description of pain 
in DH, triggering and predisposing factors, treatment strategies, preventive and treatment measures, 
remineralization products, etiological factors of dental wear, and main characteristics of DH.  The data were 
analyzed using SPSS 20.0. Standard descriptive statistics were computed and analytical statistical analysis 
was performed using Pearson’s chi-square test.
Results The response rate for dental students was 87.87% and 10.2% for young doctors. Most respondents 
revealed a good level of knowledge regarding pain characterization, triggering factors, and predisposing 
factors of dentin hypersensitivity, and a satisfactory level for the disease management strategies. The average 
score of the questionnaire recorded at group level was 42.253.
Conclusion Young dentists had better knowledge of DH compared to 6th-year dental students. The 
information obtained from this study revealed that there is a need to provide better theoretical but also 
clinical teaching opportunities to students, as well as continued educational programs to young doctors. 
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1. INTRODUCTION

Dentin hypersensitivity (DH) is a condition that has 
often been encountered in dental practice in recent 
decades [1–3], however, the historical reporting 
of this symptomatology goes as far back as the 
16th century [4,5]. Holland et al. [6] described this 
pathology as a short, sharp pain arising when dentin 

is exposed to different stimuli (typically thermal, 
evaporative, tactile, osmotic or chemical) and the 
pain cannot be ascribed to any other form of dental 
defect or disease. The prevalence of DH ranges from 
1.34% to 92.1% in the adult population [1–4,7–11]. 
This discrepancy occurs due to the differences in 
the methods used for diagnosis and in the selection 
criteria of the subjects. 
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 Figure 1.  Sample of the 
questionnaire used in the 
present study. 

Patients with sensitive teeth experience discomfort 
while eating, drinking, and brushing their teeth, all 
of them being considered activities that affect the 
quality of life [2,12]. The academic curricula include 
clinical training for students to diagnose and to 
treat patients with different dental diseases under 
supervision, and therefore they are expected to have 
adequate knowledge about these conditions. Dental 
students and beginner young dentists that no longer 
have a supervisor to check their work quality must 
be acquainted with DH and must have the skills to 
correctly manage the disease [3,9]. 
There are limited data available regarding dental 
students’ and young dentists’ understanding of DH, 
especially in Romania, where no studies have been 
conducted on this topic. 
Questionnaires are objective tools that researchers 
can use to collect information about people’s 
knowledge, beliefs, attitudes, and behavior 
[13]. Cross-sectional studies can be based on 

questionnaires, providing descriptive data on 
the entire population being studied. In scientific 
literature, several self-reported questionnaire studies 
assess students’ or dentists’ knowledge about dentin 
hypersensitivity [1–4,8,9,14,15]. 
Those surveys evaluated the clinical practice of the 
subjects in patients with DH and did not assess the 
theoretical knowledge that they possess about this 
disease. 
The theoretical educational processes represent 
the base for developing clinical skills. For this 
reason, we conducted a study to evaluate the 
knowledge of dental students and young dentists 
about dentin hypersensitivity regarding pain 
description, triggering factors, predisposing factors, 
diagnosis, preventive and treatment measures. The 
null hypothesis of the present study is that there 
are no differences in the evaluation of the level of 
knowledge between young dentists and dental 
students.
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2. MATERIAL AND METHODS

This cross-sectional study was conducted since 
November 2018 till May 2019. A total of 632 questio-
nnaires were distributed among senior dental 
students (6th year of study) at the Faculty of Dental 
Medicine - “Grigore T. Popa” University of Medicine 
and Pharmacy Iași, Romania, and among alumni 
who graduated in the last five years. 
All participants were informed about the purpose 
and the objective of this study and signed a 
consent form of agreement. One hundred thirty-

two dental students were asked to respond to the 
self-administered questionnaire at the end of their 
Cariology classes. Also, 500 young dentists were 
randomly chosen from the alumni database and 
received the questionnaire online. No reminder was 
given to those participants who did not return the 
questionnaire.  
A literature search was performed on readily available 
questionnaires that measure the knowledge of 
dental students and young dentists about dentin 
hypersensitivity. None of them met the criteria to be 
followed in this study, so a new questionnaire was 
developed.
The process of developing the new questionnaire 
followed the recommendations of Tsang et al. [16].  
The first step was to establish the expert committee, 
that was comprised of cariology professors, and 
then identify the dimensionality of the construct. 
It was decided that the questionnaire will be self-
administered because in this way the respondents 
will answer more truthfully. 
The items used specific medical terminology because 
all the participants were trained in the dentistry field, 
hence being familiar with such terms. The questio-
nnaire was constructed based on nine close-ended 
questions (seven multiple choice questions, one 
true/false question, one matrix question) and one 
open-ended item (Fig. 1). 

 Figure 2.  The distribution of scores obtained by students and dentists 
for Q1 (regarding the pain characteristics of DH).

 Figure 4.  The distribution of scores obtained by students and dentists 
for Q3 (regarding the predisposing factors of DH).

 Figure 6.  The distribution of scores obtained by students and dentists 
for Q6 (regarding the treatment of DH).

 Figure 3.  The distribution of scores obtained by students and dentists 
for Q2 (regarding the triggering factors of DH).

 Figure 5.  The distribution of scores obtained by students and dentists 
for Q5 (regarding the preventive measures of DH).
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* statistically significant differences between students and dentists for each category

* statistically significant differences between students and dentists for each category

Question Group Good Satisfactory Insufficient

Q1 - description of the 
pain in DH

students 67.2% 10.3% 22.4%*

dentists 80.4% 11.8% 7.8%*

Q2 - triggering factors
students 73.3%* 23.3%* 3.4%

dentists 88.2%* 7.8%* 3.9%

Q3 - predisposing factors
students 65.5%* 16.4%* 18.1%

dentists 84.3%* 2.0%* 13.7%

Q4 - treatment strategies
students 32.8%* 32.8% 34.5%*

dentists 60.8%* 31.4% 7.8%*

Q5 - preventive 
measures

students 43.1%* 37.9% 19.0%*

dentists 70.6%* 27.5% 2.0%*

Q6 - treatment measures
students 22.4%* 69.0% 8.6%

dentists 41.2%* 54.9% 3.9%

Q7 - remineralization 
products

students 12.9%* 57.8% 29.3%

dentists 39.2%* 45.1% 15.7%

 Table 1.  The qualitative assessment for the 7 multiple choice questions.

 Table 2.  The qualitative assessment for the 7 multiple choice questions.

Q4: therapeutic strategies
Pearson’s chi-square test= 16.720, 
P = .010*

                      Students                                Dentists Total

n % n % n %

0 37a 31.9%* 4b 7.8%* 41 24.6%

1 1a 0.9% 0a 0.0% 1 0.6%

2 2a 1.7% 0a 0.0% 2 1.2%

3 9a 7.8% 3a 5.9% 12 7.2%

4 29a 25.0% 13a 25.5% 42 25.1%

5 33a 28.4%* 26b 51.0%* 59 35.3%

6 5a 4.3% 5a 9.8% 10 6.0%

Total 116 100.0% 51 100.0% 167 100.0%

Items were simple, short, and written in the native 
language of the respondents. It was considered 
that a 10-item questionnaire was short enough to 
avoid respondents experiencing fatigue or loss of 
motivation during completion. The experts revie-
wed the items in order to make sure they were 
accurate, free of item construction problems, and 
grammatically correct. Minor modifications were 
made to the instrument to achieve the objectives of 
the study. 
Content and face validation were obtained by 
circulating the questionnaire to 15 senior dental 
students and five young dentists (others than the 
ones we recruited for the study). They concluded 
that the questionnaire items were clear, easy, valid, 
and covered all the main subjects regarding the 
knowledge of DH.
The survey instrument recorded the respondent’s 
gender and age. The subjects were asked to respond 

7 multiple choice questions about the description 
of the pain in DH, triggering factors, predisposing 
factors, treatment strategies, preventive measures, 
treatment measures, and remineralization products.  
The matrix question was about the etiological factors 
of dental wear (abrasion, abfraction, and erosion), 
and the true/false question had subscales about the 
main characteristics of DH. 
The open-ended question asked the participants to 
give an example of desensitizing toothpastes that 
participants may have knowledge of being efficient 
in DH treatment.
We used a quantitative evaluation by scoring 
each response between 0-6 points according to 
the number of correct answers identified, first 7 
questions had between 2-4 correct answers (for each 
incorrect answer given or correct answer missed 1 
point was deducted; a single answer given scored 0 
points). Question no.8 scored 0 or 6, for  question 
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no.9 each correct association scored 2 points, and for 
question no.10 each correct answer scored 1.2 points. 
The maximum overall score of the questionnaire 
was 60 points. For the qualitative assessment, each 
response was evaluated as follows: 
- from 0-2 points = Insufficient, 
- 3-4 points = Satisfactory, 
- 5-6 points = Good. 
The participants’ overall knowledge was categorized 
using modified Bloom’s cut-off point, as good if the 
score was between 80 and 100% (48–60 points), 
satisfactory if the score was between 50 and 79% 
(30–47 points), and insufficient if the score was less 
than 50% (< 30 points).
 
2.1 Statistical Analysis
The data obtained were fed into Microsoft Excel 
(Microsoft Inc., USA). The statistical software SPSS 
20.0 (IBM Inc., USA) was used for data analysis. 
The standard descriptive methods were applied 
to determine the characteristics of the sample.  
Pearson’s Chi-square test was applied to compare 
categorical variables between the groups. 
We used nonparametric Mann-Whitney U and One-
Sample Kolmogorov-Smirnov tests to evaluate the 
differences in the distribution of the age data set and 
data from the true/false question. 

The confidence interval was set to 95% and 
p-values less than 0.05 were considered statistically 
significant.

3. RESULTS

The response rate for dental students was 87.87% 
(116 questionnaires returned from 132), and for 
young doctors this was 10.2% (51 questionnaires 
returned from 500). The mean age of the participants 
was 26.34 ± 3.635 years.  Most participants were 
students (69.5%) and 30.5% were doctors. The re-
sults showed that 61.1% were female participants 
and 38.9% males.  
The qualitative assessment for the seven multiple 
choice questions is presented in Table 1. The percen-
tage of young doctors having a good level of 
knowledge was statistically significantly higher than 
the one of dental students (Pearson’s Chi-square 
Test, p<0.05).  
Regarding the characterization of dentin hyper-
sensitivity, 27 out of all subjects (16.2%) did not know 
the correct answer, while the majority of subjects 
(105 subjects - 62.9%) obtained the maximum score. 
The comparative study of the results obtained by 
students and doctors revealed statistically significant 
differences (Pearson’s Chi-square Test, p = 0.001). 

* statistically significant differences between students and dentists for each category

 Table 3.  Results obtained by students and dentists at Q7.

 Table 4.  Global score obtained of each group.

Q7: Remineralization strategies
Pearson’s Chi-square Test = 39.981, 
P = .000**

                      Students                                Dentists Total

n % n % n %

0 31a 26.7%* 2b 3.9%* 33 19.8%

1 0a 0.0% 1a 2.0% 1 0.6%

2 3a 2.6% 5b 9.8% 8 4.8%

3 44a 37.9% 11b 21.6% 55 32.9%

4 23a 19.8% 12a 23.5% 35 21%

5 8a 6.9%* 19b 37.3%* 27 16.2%

6 7a 6.0% 15a 2.0% 8 4.8%

Total 116 100.0% 51 100.0% 167 100.0%

One-Sample Kolmogorov-Smirnov Test p = .000*
Mann-Whitney U = 1466.500, p = .000**  

Group N Mean
Standard 
deviation

Standard 
error of the 

mean
Minimum Maximum

student 116 40.471 7.8261 .7266 8.0 52.8

dentist 51 46.306 7.1557 1.0020 8.4 54.6

Total 167 42.253 8.0697 .6245 8.0 54.6
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how to characterize dentin hypersensitivity was 
significantly higher than the doctors’ percentage as 
seen in Figure 2. 
For the question regarding the triggering factors 
of DH, 31.7% of all respondents obtained the maxi-
mum score. There was a statistically significant diff-
erence (Fig. 3) between the percentage of doctors 
(45.1%) and that of students (25.9%) who obtained 
a maximum score of 6 (Pearson’s Chi-square Test, p 
= 0.032). 
The third question analyzed the knowledge of the 
predisposing factors that determine the appearance 
of DH.  Figure 4 shows that a significantly higher 
percentage of doctors (37.7%) than of students 
(16.4%) scored a maximum of 6 points, while a 
significantly higher percentage of students (12.1%) 
than of doctors scored 4 points.
Table 2 shows the scores obtained by students and 
dentists for question no.4 regarding the therapeutic 
strategies. 
The fifth item looked into the knowledge regarding 
the preventive measures for DH.  The comparative 
evaluation of doctors and students showed 
statistically significant differences (Pearson’s Chi-
square Test, p = 0.001 – Fig. 5). 
Analyzing the results of the sixth question regarding 
the treatment measures of DH we identified 
statistically significant differences (Pearson’s chi-
square Test, p = 0.040) between the 5.9% of the 
young doctors that obtained the maximum score 
compared with none of the students (Fig. 6). 
The results obtained for the seventh question about 
remineralization strategies are shown in Table 3. 
On the open-ended question, namely question 
eight, 160 participants (95.8%) were able to give 
examples of desensitizing toothpastes. There were 
no statistically significant differences (Pearson’s Chi-
square Test, p = 0.340) between the answers given 
by the students compared with the doctors. 
Item number nine analyzed the knowledge about 
the etiology of different types of dental wear 
(abrasion, abfraction, and erosion). Most participants 
(63.5%) obtained the maximum score, and 7.8% of 
the subjects failed to make any correct association. 
There were no statistically significant differences 
(Pearson’s Chi-square Test, p = 0.052) between the 
answers given by the students compared with the 
doctors.
The last question evaluated the knowledge of 
some of the main characteristics of the DH. The 
average score recorded was 3.959 ± 1.2037, and 
no statistically significant differences (One-Sample 
Kolmogorov-Smirnov Test p = .000*, Mann-Whitney 
U = 2689.500, p = 0.328) were obtained between 
students and doctors.
The subjects’ answers to the questionnaire were 
also quantified using an overall score, with values 
between 8 and 54.6. The average score recorded at 
the level of the whole group was 42.253 ± 8.0697 - a 

value that proved subjects had average knowledge 
of dentin hypersensitivity, as seen in Table 4. There 
were statistically significant differences between 
the performances of doctors and students in this 
questionnaire, indicating that doctors had a higher 
level of knowledge than students on the investigated 
subject.

4. DISCUSSION

The current research is one of the first studies that 
aimed to establish whether the knowledge of young 
doctors differs from the knowledge of senior dental 
students regarding their theoretical information 
about the dentin hypersensitivity. The high students’ 
response rate can be due to the setting in which 
the questionnaires were collected, as soon as they 
were filled. We observe a similar response rate (75.7 
-78.7%) to the one reported in other studies that 
analyzed dental students [3, 9]. The doctors’ response 
rate was lower, mainly because the interaction with 
the participants was on-line. Additionally, the lack of 
knowledge and understanding of the subject might 
have prevented them from filling in and returning 
the questionnaire [17]. These data (response rate of 
10.2% in the current study) are also in line with the 
low response rate (7%) reported by the Canadian 
Advisory Board on Dentin Hypersensitivity in a similar 
study regarding the practitioners’ understanding 
and clinical management of DH [8]. 
Our study revealed that most participants knew that 
the short and sharp pain is characteristic for DH, 
which is an important step in correctly diagnosing 
this disease. The first clinical data that a practitioner 
must collect cover the history of the patient’s pain 
[8,18]. 
In the present study, most participants had a good 
performance on the evaluation of all triggering 
factors (thermal, tactile, evaporative, chemical 
stimuli) of DH, but young doctors had a significantly 
better performance than students. In other studies, 
92% of the surveyed dentist identified chemical and 
thermal stimuli as the main triggering factors for DH 
[2]. Amarasena et al. [19] observed that cold stimuli 
were the most frequently cited trigger of DH (67.5%). 
An earlier study reported the participants’ lack of 
knowledge because the doctors had identified 
bruxism and malocclusion as triggers of DH even 
though neither has been recognized as a major 
causative factor [8]. 
Most participants had a good performance when 
asked to identify multiple predisposing factors 
(tooth erosion, dentin exposure, gingival recession) 
of DH. Comparatively, young doctors performed 
better than the senior dental students on this specific 
item. The data are consistent with other studies that 
have reported abrasion and gingival recession as the 
most important predisposing factor for DH [1,19]. 
The dental professional should identify and remove 
predisposing factors as a first step approach when 
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treating patients with DH [18]. Less than half of the 
respondents knew the therapeutic strategies for DH. 
One-third of the dental students and four doctors 
obtained a null score on this question, which means 
an insufficient level of knowledge. This question did 
not appear in other questionnaire-based studies 
that we found in our scientific literature search. 
The preventive measures were identified by two-
thirds of the young doctors and more than one-
third of the students, and half of all respondents 
performed well on this item. This is in agreement 
with the studies of Benoist et al. [2] (where 78% of 
the dentists recognized the preventive measures) 
and Nazir et al. [3] where the most common 
preventive strategy (74.1%) used by dental students 
and interns was the proper education on tooth-
brushing technique. 
As to identifying the correct treatment of DH, 
the data revealed that less than one-third of all 
participants obtained a good performance score, 
most of them having only satisfactory results. The 
mostly recognized treatment strategies were the 
correction of toothbrushing technique and the use 
of desensitizing toothpastes, which is consistent 
with other studies [2,3,9,19]. Less than ten percent of 
all respondents failed to answer this item correctly. 
This is in agreement with the result obtained by 
Cunha-Cruz et al. [20]. 
Half of all participants had satisfactory knowledge 
about the remineralization strategies used in the 
treatment of DH, but one-third of them did not know 
the answer.  
Almost all of the participants had knowledge of and 
could mention at least one brand of desensitizing 
toothpaste. That is in conformity with the findings 
of Benoist et al. [2], but as different from another 
study which has shown that fifty percent of 
the dentists reported incorrectly that the most 
popular desensitizing ingredients in desensitizing 
toothpastes are fluoride compounds [8]. 
Almost two-thirds of the participants in our study 
were able to recognize the etiology of different types 
of dental wear (as abrasion, abfraction, and erosion).  
Less than half of the young dentists and almost half 
of the dental students obtained a good result in 
identifying some of the main characteristics of DH. 
The mean global score of the questionnaire proved 
that subjects had an overall average level of 
knowledge of dentin hypersensitivity. No participant 
obtained the maximum score or a score zero.
The null-hypothesis was rejected. There were multiple 
results with statistically significant differences (p < 
0.05) between the two groups. This demonstrates 
that young dentists have a higher level of knowledge 
of DH when comparing to the students. We believe 
that the differences between groups are explained 

by the higher practical experience that doctors 
accumulate in time, although dental students 
studied DH more recently. This demonstrates that 
theoretical knowledge needs to be completed by 
practice and vice-versa.
Given the high prevalence of DH and its complexity, 
the results of this study point to the stringent need to 
provide better theoretical, but also clinical teaching 
opportunities to students and good access to 
continued educational programs to young doctors. 
These will contribute to a better quality of care for 
patients having this pathology. To date, there is 
no evidence of such an observational study being 
undertaken in dentistry, but it is our belief that such 
a design would lead to interesting and significant 
insights for the field. The limitations of the study 
are the decreased overall response rate obtained 
and the restricted population of undergraduate 
students belonging to the same university. Further 
multicenter studies are required in order to allow 
for these results to be confidently generalized into a 
wider population of general dental practitioners and 
senior dental students. 

5. CONCLUSION

The findings of this study indicate that dentists under 
five-years’ working experience have significantly 
better knowledge as compared to 6th-year dental 
students. Both groups of participants were far 
better informed regarding DH pain characterization, 
triggering factors, and predisposing factors of this 
condition, and less about its treatment. 
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Questions 
1. Dentin hypersensitivity is described as:
qa. A diffuse pain;
qb. A pulsating pain;
qc. A short, sharp pain;
qd. An aching pain.

2. Patients with sensitive teeth experience discomfort while:
qa. Flossing;
qb. Jogging;
qc. Sleeping;
qd. Brushing their teeth.

3. According to the results of this study, which percentage of participants have been able 
to give examples of desensitizing toothpastes?
qa. 88.5%;
qb. 95.8%;
qc. 15.8%;
qd. None.

4. What did the mean global score of the questionnaire prove?
qa. Subjects had a very good level of knowledge;
qb. Subjects had a good level of knowledge;
qc. Subjects had an average level of knowledge;
qd. Subjects had an insufficient level of knowledge.

https://accademiaitalianadiconservativa.it/en/events/22nd-annual-congress-360-tooth-challange-crown-down-treatment-solutions/
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ORTHODONTICS
EVALUATION OF UPPER ARCH CHANGES IN PATIENTS 
WITH UNILATERAL CLEFT LIP AND PALATE AFTER 
MAXILLARY EXPANSION USING DIGITAL DENTAL CASTS
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Objective To compare the upper arch dimensions of young patients with unilateral cleft lip and palate 
(UCLP) before and after treatment with bonded maxillary expander and hybrid activation protocol using 
digital dental casts.
Methods Sixteen subjects with UCLP, aged between 7 and 14 years (mean age 10.9 ± 2.7 years) consecutively 
treated with bonded maxillary expander and hybrid activation were included. The dental casts before and 
after treatment were digitalized using a 3Shape scanner. Intercanine, interpremolar and intermolar widths 
(at cusp and gingival levels) and arch perimeters were measured. The significance level for statistical analyses 
was set as p < 0.05. 
Results The total treatment time using the hybrid expansion protocol lasted 12 ± 1.9 months while the active 
expansion time lasted 4 ± 0.2 months. Patients with UCLP showed significant differences in all transverse 
upper arch dimensions both at cusp and gingival level.
Conclusion The use of a bonded maxillary expander with a hybrid activation protocol during growth may be 
efficient to improve all transverse upper arch widths in patients affected by UCLP.
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1. INTRODUCTION

Cleft Lip and Palate (CLP) is one of the most common 
types of congenital craniofacial birth anomalies due 
to environmental, genetic and epigenetic risk factors 
interacting among them [1-3].
They can occur between the fourth and twelfth week 
of gestation due to the failure of fusion between 
the medial nasal and maxillary processes in the 
primary palate or the palatal units in the secondary 
palate [4]. Affected patients need interdisciplinary 
care since birth until adulthood and evince higher 

morbidity and mortality throughout life compared 
to noncleft subjects [5]. Oral rehabilitations usually 
require complex and challenging interdisciplinary 
treatments since the first post-birth weeks do not 
allow the most adequate early recovery of vital 
functions [5,6].
Craniofacial growth harmony in patients with 
unilateral or bilateral CLP is affected in all 3 
dimensions (3D). Previous studies showed that it 
can be only partially improved after surgery during 
childhood [7-9]. Lip surgery is usually performed at 
6 months of age using the Delaire technique, soft 

https://doi.org/10.25241/stomaeduj.2020.7(3).art.4
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palate surgery at 12 months and hard palate surgery 
at 18 months, whereas secondary alveolar bone 
graft is usually planned when the patient is around 
9 to 12 years old [10-12]. When the surgical protocol 
for the hard palate closure is delayed, the occlusion 
is even more affected [12]. 
During the early mixed dentition, the maxillary arch 
linear dimensions significantly differ between the 
unilateral cleft lip and palate (UCLP) group and the 
noncleft group, [13] while the intercanine width 
seems to be more reduced in bilateral complete 
clefts due to scars resulting from palatal surgery [14]. 
It has been also demonstrated that children with 
UCLP usually suffer from a nasomaxillary complex 
deficiency which continues worsening until the end 
of their growth and have maxillary dental arches 
constricted in width and length [15].
Thus, it is suggested to ideally start to perform an 
early dentofacial orthopedic treatment protocol 
during the mixed dentition [16]. In the light of these 
findings, an interceptive treatment with a palatal 
expander is usually proposed as a first approach [17-
19]. The palatal expander allows to correct transverse 
skeletal maxillary constriction and dental posterior 
crossbite [20]. There are several different maxillary 
expansion modalities based on the appliance design 
[21] or the type of activation and no differences were 
found between slow or rapid expansion protocols in 
children with bilateral CLP [17,22]. Thus, the positive 
effects on the occlusion are undeniable in patients 
with CLP modifying the upper arch diameters 
and stimulating the transversal skeletal growth, 
even without leading to the same amount of bone 

formation, as reported in normal patients [23].
However, to the best of our knowledge, there are 
no studies treating subjects affected by CLP using a 
bonded maxillary expander with a hybrid activation 
[24-27]. The bonded expander seems to have some 
advantages such as better control of vertical growth, 
reduced interocclusal interferences and less dental 
tipping due to acrylic splints covering both occlusal, 
buccal and palatal surfaces of teeth [28-30]. Many 
papers conducted the palatal analysis of patients 
with CLP as compared to controls using novel three-
dimensional (3D) technologies [31-33]. Nowadays, 
the use of digital models is considered useful for 
treatment planning and outcome evaluations and 
the reliability of measurements from 3D dental casts 
as compared to those obtained directly from plaster 
models is evidence-based [34]. Thus, the purpose of 
this study was to evaluate upper arch dimensions 
on digital dental casts in young patients with UCLP 
before and after treatment using a bonded maxillary 
expander with a hybrid activation.

2. METHODOLOGY

This retrospective observational study was based on 
the analysis of data collected from patients with UCLP 
who had completed an orthodontic treatment with 
maxillary expansion at the Orthodontic Program of 
the University of Campania Luigi Vanvitelli, Naples, 
Italy. The research  was  carried out in accordance 
with the Declaration of Helsinki and approved by 
the ethics committee of the University of Campania 
Luigi Vanvitelli, Naples, Italy (Prot. N°147). An 

 Table 1.  Age, treatment time and sex ratio of the UCLP patients.

 Table 2.  Random and systematic errors of the measurements performed on the digital dental models.

Variable Mean SD

Initial age (years) 10,9 2,7

Total Treatment time (months) 12,0 1,9

Active Treatment time (months) 4,0 0,2

Sex                                Female
                                   
                                        Male

10

6

T0                                  T1

Measurements D Dahlberg 
Systematic

error P level
D Dahlberg

Systematic
error P level

3-3 cusp 1.30 NS 1.55 NS

3-3 gingival 1.24 NS 0.78 NS

4-4 cusp 0,89 NS 1.56 NS

4-4 gingival 1.50 NS 1.34 NS

5-5 cusp 1.45 NS 2,01 NS

5-5 gingival 1.67 NS 1.34 NS

6-6 cusp 1.07 NS 1.67 NS

6-6 gingival 0.98 NS 0.87 NS
AP 4.06 NS 1.81 NS

*p < 0.05, **p < 0.005

Upper arch changes in patients with CLP after maxillary expansion
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 Figure 1.  Intraoral photograph of bonded maxillary expander in a 
patient with UCLP. 

 Figure 2.  Assessment on the digital model of arch widths: at the cusp 
(yellow lines) and gingival (orange lines) level.

informed consent was obtained from the parents of 
each patient. Here are the inclusion criteria: patients 
affected by UCLP, age ranging between 7 and 14 
years, constricted upper arch, cervical vertebral 
maturation between CS1 and CS4 and treatment 
protocol including a bonded maxillary expander with 
hybrid activation [24,26].  Subjects with other cranio-
facial syndromes, previous orthodontic treatment or 
incomplete documentation were excluded. 
All patients had been previously treated at the 
Division of Maxillofacial Surgery at the University of 
Campania Luigi Vanvitelli, Naples, Italy, by the same 
surgeon, using the same protocol and method as 
follows: lip surgery at 6 months, soft palate surgery at 
12 months and hard palate surgery at 18 months. No 
infant orthopaedics was carried out prior to surgery. 
The initial (T0) and after expansion (T1) plaster 
models of each patient were collected to be digita-
lized and then analyzed [35].
The treatment was performed with a bonded palatal 
expander (Fig.1) [16] applied on the upper lateral 
teeth. The activation started after the appliance 
onset and ended when overcorrection was achieved. 
The protocol used had two phases: the initial phase 
started at the chair side and included three steps 
with four, two and one turn, respectively; the second 
one followed at home with one turn every 3 days [24, 
26]. During the active expansion phase depending 
on the degree of maxillary constriction, the patients 
were monitored every 2 weeks. 
After the active expansion phase, the screw of the 
appliance was closed with acrylic composite and 
the expander was used as a retainer for about 8 
months. The expander was removed after about 
1 year and a second plaster model was realized.  
Both dental casts were scanned using the 3shape 
TRIOS®, with a reported manufacturing accuracy 
of less than 20 microns (www.3shape.com), by the 
same trained operators. The digital models were 
exported in STL surface mesh then imported in 
Viewbox 4 (dHal Software, Kifissia, Greece). A total 
of nine linear measurements of the upper dental 

arch were considered: transverse intercanine (3-3), 
interpremolar or interdeciduous molar (4-4 and 5-5) 
and intermolar (6-6) distances at both cusp tips and 
gingival levels, and arch perimeter (AP) calculated 
as circumference of the dental arch, measured from 
the distal surface of the maxillary permanent first 
molars on the right side to the distal surface of the 
contralateral ones. 

2.1. Statistical analysis
The reliability of the measurements was determined 
by randomly selecting five dental casts before and 
after the expansion treatment. They were measured 
twice after a two-week interval. Dahlberg’s formula 
was used to quantify the measurement error. An 
Intraclass Correlation Coefficient was also calculated 
to assess test/retest reliability. An unpaired t-test and 
a Wilcoxon signed-rank test were utilized to evaluate 
any significant difference before and after treatment. 
The statistical significance was set at p <0.05.
All statistical analyses were performed with SPSS 
software (Statistical Package for the Social Sciences, 
SPSS, Version 12, Chicago, IL, USA).

3. RESULTS

The total sample included 16 patients, 10 females 
and 6 males. The initial mean age was 10.9 ± 2.7 years. 
The total treatment phase with the bonded expander 
(T0-T1) lasted 12.0 ± 1.9 months while the active 
expansion phase was 4.0 ± 0.2 months (Table 1).  
The statistical analysis confirmed that there were 
no systematic measurement errors before and after 
treatment, as shown in (Table 2).
Comparing measurements at T0 and T1 showed 
statistically significant differences in all transverse 
arch widths while arch perimeter values revealed no 
differences (Table 3). 
As to the difference arch diameters at both cusp tips 
and gingival levels (Table 4), data showed statistically 
significant differences only for the diameter 3-3 
measured at cusp level.

186
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Upper arch changes in patients with CLP after maxillary expansion

4. DISCUSSION

Several previous studies showed significant different 
maxillary morphologies in patients with CLP in mixed 
or permanent dentition when compared to matched 
controls before any orthopedic/orthodontic 
treatment [31-33,36]. In particular, the upper inter-
canine widths significantly decreased both at cusp 
and gingival levels [13-15,37]. Therefore, there is 
a complete agreement on the need to expand 
the maxillary arch in patients affected by CLP. The 
reasons to use an expander in the orthodontic treat-
ment plan are manifold. Iwasaki et al. [38] found that 
the nasal airway flow significantly improved after 
rapid maxillary expansion in patients with UCLP 
increasing both the quantity of airflow and nasal 
cross-sectional area on the cleft side. Also, speech 
and deglutition enhance after expansion due to 
wider space for the tongue, [6,33] but, above all, the 
occlusal relationships result improved by widening 
the palatal dimensions [18]. 
Many investigations focused on dental and alveolar 
changes in patients with BCL and UCLP using diffe-
rent appliances and protocols. Our results have 
shed light on a different expansion appliance and 
protocol in patients with UCLP. Pugliese et al. [21]
found that the maxillary expansion with Hyrax, 
Quad-helix and Expander with Differential Opening 
(EDO), in bilateral CLP patients, had similar changes 
in arch size, whereas only Quad-helix expander 
and EDO were associated with a greater shape at 
the intercanine area. Other researchers, comparing 

slow and rapid activation through Quad-helix and 
Hyrax expanders, respectively, in children with 
bilateral CLP, showed differences only with respect 
to the  treatment time. Specifically, the expansion 
active phase ranged from 4 to 21 months in the 
slow protocol and from 7 to 14 days in the rapid 
one [17,22]. Façanha et al. [20] assessing the effects 
achieved with the Haas and Hyrax expanders using 
a rapid protocol in patients with UCLP, highlighted 
similar increases of the transverse dimensions.  Ayub 
et al. [39] performing the expansion with a rapid 
protocol, found significant increases of all maxillary 
measurements including arch perimeter probably 
due to the sample selection based on patients with 
a posterior crossbite. Conversely, in our study, this 
parameter did not change significantly. However, a 
direct comparison of our findings with other studies 
was only partially possible due to the differences 
in cleft features and size, patients’ age, dentition 
period, expansion appliance and protocol as well 
as the data analyses performed. Nevertheless, our 
treatment outcomes may add a missing piece in the 
puzzle about maxillary arch changes after expansion 
treatment, underlying the possibility to achieve 
similar effects in a reduced time with a different type 
of expander and activation [16,24-26]. Our results 
confirmed the need for orthodontic treatment 
during the development of the permanent dental 
occlusion and showed increases in all transverse 
upper arch dimensions. Moreover, the bonded 
expander seemed to exert a more homogeneous 
lateral pressure on the two halves of the maxilla 
avoiding any possible interference of the lower 
arch due to the smooth acrylic splints covering 
the occlusal surface. Thus, the bonded expander 
along with the hybrid activation protocol should 
be suggested in UCLP as a procedure to achieve 
an efficient maxillary expansion with arch widths 
homogeneous increase avoiding buccal tipping 
of premolars and molars maintaining an adequate 
active treatment time, of about 4 months, in the 
middle between the slow and rapid protocol [17,22]. 
This investigation, of course, had some limitations 
such as the retrospective nature of the study design 

Variable
T0 mean value

(mm)
T1 mean value 

(mm)
STD Error  t  S

3-3 cusp 26,72 31,36 1,59 0,01* 0,01*

3-3 gingival 21,72 24,81 1,38 0,04* 0,04*

4-4 cusp 34,18 40,05 1,73 0,004** 0,006*

4-4 gingival 23,08 28,43 1,51 0,003** 0,007*

5-5 cusp 40,68 46,40 1,92 0,009* 0,01*

5-5 gingival 26,94 33,16 1,82 0,004** 0,005**
6-6 cusp 49,90 55,79 1,65 0,003** 0,002*

6-6 gingival 32,76 38,65 1,55 0,002** 0,003**
AP 88,76 88,41 3,18 0,91 0,61

 Table 3.  Measurements before (T0) and after maxillary expansion (T1).

*p < 0.05, **p < 0.005

 Table 4. Mean differences between measurements at the cusp and 
gingival level of arch widths, before and after maxillary expansion.

*p < 0.05, **p < 0.005

Variable
Mean 

difference 
T1-T0 (mm)

STD Error  t  S

3-3 - 1,54 0,41 0,002** 0,004**

4-4 - 0,52 0,48 0,29 0,53

5-5  0,50 0,59 0,41 0,77

6-6  0,00 0,39 0,98 0,95

187



Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

d’Apuzzo F, et al.

REFERENCES

with short-term outcomes, currently lacking long-
term data [23]. Moreover, some subjects with UCLP 
had some permanent teeth missing in the dental 
arch on one or both sides. 
The elimination of these patients, however, may 
have introduced higher selection bias eliminating 
more severely affected subjects with smaller arch 
widths which is actually a common clinical frame of 
CLP anomalies. 
Future studies should be planned with an increased 
sample size, even to compare, with multicentric 
randomized clinical trials, this novel approach with 
the other conventional maxillary expansion protocol 
in patients with UCLP.

5. CONCLUSION

Growing patients with UCLP showed significant 
differences in all transverse upper arch dimensions 
after orthodontic treatment with a bonded maxillary 
expander and a hybrid activation protocol. 

CONFLICT OF INTEREST

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS

Made substantial contributions to conception and design of the 
study and performed data analysis and interpretation: FdA, VG, LP.
Performed data acquisition, as well as provided administrative, 
technical, and material support: LN, AJ, RR.

FINANCIAL SUPPORT AND SPONSORSHIP

None.

ETHICAL APPROVAL AND CONSENT TO PARTICIPATE

Research was performed in accordance with the Declaration of 
Helsinki and approved by the ethics committee of the University 
of Campania Luigi Vanvitelli, Naples, Italy (Prot. N° 147). 
An informed consent to participate in the study was obtained.

CONSENT FOR PUBLICATION

A written informed consent for publication was obtained. 

184-190

1. Cobourne MT. The complex genetics of cleft lip and palate. Eur 
J Orthod. 2004;26(1):7-16. doi: 10.1093/ejo/26.1.7. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] 
2. Grassia V, Lombardi A, Kawasaki H, et al. Salivary microRNAs 
as new molecular markers in cleft lip and palate: a new frontier 
in molecular medicine. Oncotarget. 2018;9(27):18929-18938. 
doi:10.18632/oncotarget.24838. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
3. Zhao J, Zhang B, Yang S, et al. Maternal exposure to ambient 
air pollutant and risk of oral clefts in Wuhan, China. Environ Pollut. 
2018;238:624-630. doi:10.1016/j.envpol.2018.03.053. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] 
[WoS] 
4. Mossey PA, Little J, Munger RG, et al. Cleft lip and palate. 
Lancet. 
2009;374(9703):1773-1785. doi: 10.1016/S0140-6736(09)60695-4. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
5. Rullo R, Festa VM, Rullo R, et al. Prevalence of dental anomalies 
in children with cleft lip and unilateral and bilateral cleft lip and 
palate. Eur J Paediatr Dent. 2015;16(3):229-232. 
[Full text link][PubMed][Google Scholar][Scopus] [WoS] 
6. Rullo R, Di Maggio D, Addabbo F, et al. Speech outcome in 
unilateral complete cleft lip and palate patients: a descriptive 
study. Eur J Paediatr Dent. 2014;15(3):293-296. 
[Full text link][PubMed][Google Scholar][Scopus] [WoS] 
7. Fudalej PS, Urbanova W, Klimova I, et al. The Slavcleft: a 
three-center study of the outcome of treatment of cleft lip and 
palate. Part 2: dental arch relationships. J Craniomaxillofac Surg. 
2019;47(7):1092-1095. doi: 10.1016/j.jcms.2019.03.023. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
8. Heliövaara A, Skaare P, Küseler A, et al. Scandcleft randomized 
trials of primary surgery for unilateral cleft lip and palate. Dental 
arch relationships in 8 year-olds. Eur J Orthod. 2020;42(1):1-7. doi: 
10.1093/ejo/cjz067. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
9. Küseler A, Mølsted K, Marcusson A, et al. Scandcleft 
randomized trials of primary surgery for unilateral cleft lip and 
palate: maxillary growth at eight years of age. Eur J Orthod. 
2020;42(1):24-29. doi: 10.1093/ejo/cjz078. 
[Full text link][Cross Ref ][Pubmed][Google Scholar][Scopus]  
10. Scalzone A, Flores-Mir C, Carozza D, et al. Secondary alveolar 
bone grafting using autologous versus alloplastic material in the 
treatment of cleft lip and palate patients: systematic review and 
meta-analysis. Prog Orthod. 2019;20(1):6. doi: 10.1186/s40510-
018-0252-y. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  

11. Yang CJ, Pan XG, Qian YF, Wang GM. Impact of rapid maxillary 
expansion in unilateral cleft lip and palate patients after 
secondary alveolar bone grafting: review and case report. Oral 
Surg Oral Med Oral Pathol Oral Radiol. 2012;114(1):e25-e30. doi: 
10.1016/j.tripleo.2011.08.030. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] 
[WoS] 
12. Botticelli S, Küseler A, Marcusson A, et al. Do infant 
cleft dimensions have an influence on occlusal relations? A 
subgroup analysis within an RCT of primary surgery in patients 
with unilateral cleft lip and palate. Cleft Palate Craniofac J. 
2020;57(3):378-388. doi: 10.1177/1055665619875320. 
[Full text link][Crossref ][PubMed][Google Scholar][Scopus]  
13. Garrahy A, Millett DT, Ayoub AF. Early assessment of dental 
arch development in repaired unilateral cleft lip and unilateral 
cleft lip and palate versus controls. Cleft Palate Craniofac J. 
2005;42(4):385-391. doi:10.1597/03-159.1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
14.Loomans N, Decombel O, Goethals K, Mommaerts MY. 
Transverse maxillary development in complete cleft patients: 
comparison of 2 treatment strategies by longitudinal and cross-
sectional model analysis. Cleft Palate Craniofac J. 2019;56(5):610-
618. doi: 10.1177/1055665618802539. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
15. Gopinath VK, Samsudin AR, Mohd Noor SNF, Mohamed 
Sharab HY. Facial profile and maxillary arch dimensions in 
unilateral cleft lip and palate children in the mixed dentition 
stage. Eur J Dent. 2017;11(1):76-82. doi: 10.4103/ejd.ejd_238_16.  
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
16. Perillo L, Vitale M, d’Apuzzo F, et al. Interdisciplinary 
approach for a patient with unilateral cleft lip and palate. Am J 
Orthod Dentofacial Orthop. 2018;153(6):883-894. doi: 10.1016/j.
ajodo.2016.12.035. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
17. de Medeiros Alves AC, Garib DG, Janson G, et al. Analysis of 
the dentoalveolar effects of slow and rapid maxillary expansion 
in complete bilateral cleft lip and palate patients: a randomized 
clinical trial. Clin Oral Investig. 2016;20(7):1837-1847. doi: 
10.1007/s00784-015-1675-1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] 
[WoS] 
18. Pan X, Qian Y, Yu J, et al. Biomechanical effects of rapid palatal 
expansion on the craniofacial skeleton with cleft palate: a three-
dimensional finite element analysis. Cleft Palate Craniofac J. 
2007;44(2):149-154. doi: 10.1597/05-161.1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] 

188

https://academic.oup.com/ejo/article/26/1/7/568137
https://pubmed.ncbi.nlm.nih.gov/14994877/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=1.%09Cobourne+MT.+The+complex+genetics+of+cleft+lip+and+palate.+Eur+J+Orthod.+2004%3B26%281%29%3A7-16&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-1642383053&origin=resultslist&sort=plf-f&src=s&st1=The+complex+genetics+of+cleft+lip+and+palate&st2=&sid=28fc917c24c27e74323d588307f8c0d6&sot=b&sdt=b&sl=51&s=TITLE%28The+complex+genetics+of+cleft+lip+and+palate%29&relpos=0&citeCnt=134&searchTerm=
https://www.oncotarget.com/article/24838/text/
https://search.crossref.org/?q=10.18632/oncotarget.24838
https://pubmed.ncbi.nlm.nih.gov/29721173/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Salivary+microRNAs+as+new+molecular+markers+in+cleft+lip+and+palate%3A+a+new+frontier+in+molecular+medicine&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85045181458&origin=resultslist&sort=plf-f&src=s&st1=Salivary+microRNAs+as+new+molecular+markers+in+cleft+lip+and+palate%3a+a+new+frontier+in+molecular+medicine&st2=&sid=c08c0b5fc2741ceca7a01567d57d052e&sot=b&sdt=b&sl=112&s=TITLE%28Salivary+microRNAs+as+new+molecular+markers+in+cleft+lip+and+palate%3a+a+new+frontier+in+molecular+medicine%29&relpos=0&citeCnt=9&searchTerm=
https://www.sciencedirect.com/science/article/pii/S0269749117336953?via%3Dihub
https://search.crossref.org/?q=10.1016%2Fj.envpol.2018.03.053
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Maternal+exposure+to+ambient+air+pollutant+and+risk+of+oral+clefts+in+Wuhan%2C+China.&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85044596148&origin=resultslist&sort=plf-f&src=s&st1=Maternal+exposure+to+ambient+air+pollutant+and+risk+of+oral+clefts+in+Wuhan%2c+China.&st2=&sid=1395153afef23f40754e4f7ffebafd65&sot=b&sdt=b&sl=90&s=TITLE%28Maternal+exposure+to+ambient+air+pollutant+and+risk+of+oral+clefts+in+Wuhan%2c+China.%29&relpos=0&citeCnt=1&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=5&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://www.sciencedirect.com/science/article/pii/S0140673609606954?via%3Dihub
https://search.crossref.org/?q=10.1016%2FS0140-6736%2809%2960695-4
https://pubmed.ncbi.nlm.nih.gov/19747722/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Cleft+lip+and+palate.+Lancet&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-70449629175&origin=resultslist&sort=plf-f&src=s&st1=Cleft+lip+and+palate&nlo=&nlr=&nls=&sid=547f6816c2a59f383b7ffe6414c0ee13&sot=b&sdt=cl&cluster=scopubyr%2c%222009%22%2ct%2bscoexactsrctitle%2c%22Lancet%22%2ct&sl=35&s=TITLE-ABS-KEY%28Cleft+lip+and+palate%29&relpos=0&citeCnt=674&searchTerm=
http://admin.ejpd.eu/download/EJPD_2015_3_11.pdf
https://pubmed.ncbi.nlm.nih.gov/26418927/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Prevalence+of+dental+anomalies+in+children+with+cleft+lip+and+unilateral+and+bilateral+cleft+lip+and+palate&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84946110836&origin=resultslist&sort=plf-f&src=s&st1=Prevalence+of+dental+anomalies+in+children+with+cleft+lip+and+unilateral+and+bilateral+cleft+lip+and+palate&st2=&sid=ccf5b32e9bb8f3022dc34db366290a27&sot=b&sdt=b&sl=114&s=TITLE%28Prevalence+of+dental+anomalies+in+children+with+cleft+lip+and+unilateral+and+bilateral+cleft+lip+and+palate%29&relpos=0&citeCnt=10&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=6&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
http://admin.ejpd.eu/download/EJPD_2014_3_7.pdf
https://pubmed.ncbi.nlm.nih.gov/25306147/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Speech+outcome+in+unilateral+complete+cleft+lip+and+palate+patients%3A+a+descriptive+study&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84908507493&origin=resultslist&sort=plf-f&src=s&st1=Speech+outcome+in+unilateral+complete+cleft+lip+and+palate+patients%3a+a+descriptive+study&st2=&sid=777d848e2b161546407b38efff345f90&sot=b&sdt=b&sl=95&s=TITLE%28Speech+outcome+in+unilateral+complete+cleft+lip+and+palate+patients%3a+a+descriptive+study%29&relpos=0&citeCnt=3&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=7&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://www.sciencedirect.com/science/article/pii/S1010518218311648?via%3Dihub
https://search.crossref.org/?q=10.1016%2Fj.jcms.2019.03.023
https://pubmed.ncbi.nlm.nih.gov/31097367/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=The+Slavcleft%3A+A+three-center+study+of+the+outcome+of+treatment+of+cleft+lip+and+palate.+Part+2%3A+Dental+arch+relationships&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065515031&origin=resultslist&sort=plf-f&src=s&st1=The+Slavcleft%3a+A+three-center+study+of+the+outcome+of+treatment+of+cleft+lip+and+palate.+Part+2%3a+Dental+arch+relationships&st2=&sid=a29433d221164076d81c13ca3d7f0b12&sot=b&sdt=b&sl=129&s=TITLE%28The+Slavcleft%3a+A+three-center+study+of+the+outcome+of+treatment+of+cleft+lip+and+palate.+Part+2%3a+Dental+arch+relationships%29&relpos=0&citeCnt=1&searchTerm=
https://academic.oup.com/ejo/article-abstract/42/1/1/5580440
https://search.crossref.org/?q=10.1093%2Fejo%2Fcjz067
https://pubmed.ncbi.nlm.nih.gov/31579909/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=The+Slavcleft%3A+A+three-center+study+of+the+outcome+of+treatment+of+cleft+lip+and+palate.+Part+2%3A+Dental+arch+relationships&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078567924&origin=resultslist&sort=plf-f&src=s&st1=Scandcleft+randomized+trials+of+primary+surgery+for+unilateral+cleft+lip+and+palate.+Dental+arch+relationships+in+8+year-olds&st2=&sid=363d86e1b0072589b8ad316c9cdfc100&sot=b&sdt=b&sl=132&s=TITLE%28Scandcleft+randomized+trials+of+primary+surgery+for+unilateral+cleft+lip+and+palate.+Dental+arch+relationships+in+8+year-olds%29&relpos=0&citeCnt=0&searchTerm=
https://academic.oup.com/ejo/article-abstract/42/1/24/5581724
https://search.crossref.org/?q=10.1093%2Fejo%2Fcjz078
https://pubmed.ncbi.nlm.nih.gov/31586198/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Scandcleft+randomized+trials+of+primary+surgery+for+unilateral+cleft+lip+and+palate%3A+Maxillary+growth+at+eight+years+of+age&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85078568530&origin=resultslist&sort=plf-f&src=s&st1=Scandcleft+randomized+trials+of+primary+surgery+for+unilateral+cleft+lip+and+palate%3a+maxillary+growth+at+eight+years+of+age&st2=&sid=ea04f0bb0787403ca875a53aa839fbf9&sot=b&sdt=b&sl=130&s=TITLE%28Scandcleft+randomized+trials+of+primary+surgery+for+unilateral+cleft+lip+and+palate%3a+maxillary+growth+at+eight+years+of+age%29&relpos=0&citeCnt=0&searchTerm=
https://progressinorthodontics.springeropen.com/articles/10.1186/s40510-018-0252-y
https://search.crossref.org/?q=Secondary+alveolar+bone+grafting+using+autologous+versus+alloplastic+material+in+the+treatment+of+cleft+lip+and+palate+patients%3A+systematic+review+and+meta-analysis
https://pubmed.ncbi.nlm.nih.gov/30740615/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Secondary+alveolar+bone+grafting+using+autologous+versus+alloplastic+material+in+the+treatment+of+cleft+lip+and+palate+patients%3A+systematic+review+and+meta-analysis&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85061270519&origin=resultslist&sort=plf-f&src=s&st1=Secondary+alveolar+bone+grafting+using+autologous+versus+alloplastic+material+in+the+treatment+of+cleft+lip+and+palate+patients%3a+systematic+review+and+meta-analysis.+&st2=&sid=739ab01fe4b9ace704c0d07c6c3b8928&sot=b&sdt=b&sl=173&s=TITLE%28Secondary+alveolar+bone+grafting+using+autologous+versus+alloplastic+material+in+the+treatment+of+cleft+lip+and+palate+patients%3a+systematic+review+and+meta-analysis.+%29&relpos=0&citeCnt=4&searchTerm=
https://www.sciencedirect.com/science/article/pii/S1079210411006470?via%3Dihub
https://search.crossref.org/?q=10.1016%2Fj.tripleo.2011.08.030
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Impact+of+rapid+maxillary+expansion+in+unilateral+cleft+lip+and+palate+patients+after+secondary+alveolar+bone+grafting%3A+review+and+case+report&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84862828543&origin=resultslist&sort=plf-f&src=s&st1=Impact+of+rapid+maxillary+expansion+in+unilateral+cleft+lip+and+palate+patients+after+secondary+alveolar+bone+grafting%3a+review+and+case+report&st2=&sid=ee35732e945a622a475741321b921c00&sot=b&sdt=b&sl=149&s=TITLE%28Impact+of+rapid+maxillary+expansion+in+unilateral+cleft+lip+and+palate+patients+after+secondary+alveolar+bone+grafting%3a+review+and+case+report%29&relpos=0&citeCnt=13&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=10&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://journals.sagepub.com/doi/full/10.1177/1055665619875320?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://search.crossref.org/?q=10.1177%2F1055665619875320
https://pubmed.ncbi.nlm.nih.gov/31619065/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Do+Infant+Cleft+Dimensions+Have+an+Influence+on+Occlusal+Relations%3F+A+Subgroup+Analysis+Within+an+RCT+of+Primary+Surgery+in+Patients+With+Unilateral+Cleft+Lip+and+Palate&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85074337493&origin=resultslist&sort=plf-f&src=s&st1=Do+Infant+Cleft+Dimensions+Have+an+Influence+on+Occlusal&st2=&sid=8c6fa3ecb06ee31a6501da50e26db435&sot=b&sdt=b&sl=63&s=TITLE%28Do+Infant+Cleft+Dimensions+Have+an+Influence+on+Occlusal%29&relpos=0&citeCnt=0&searchTerm=
https://journals.sagepub.com/doi/abs/10.1597/03-159.1
https://search.crossref.org/?q=10.1597%2F03-159.1
https://pubmed.ncbi.nlm.nih.gov/16001920/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Early+assessment+of+dental+arch+development+in+repaired+unilateral+cleft+lip+and+unilateral+cleft+lip+and+palate+versus+controls&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-22244459525&origin=resultslist&sort=plf-f&src=s&st1=Early+assessment+of+dental+arch+development+in+repaired+unilateral+cleft+lip+and+unilateral+cleft+lip+and+palate+versus+controls&st2=&sid=81715ca4cdd73b816977e30baf6f4447&sot=b&sdt=b&sl=135&s=TITLE%28Early+assessment+of+dental+arch+development+in+repaired+unilateral+cleft+lip+and+unilateral+cleft+lip+and+palate+versus+controls%29&relpos=0&citeCnt=23&searchTerm=
https://journals.sagepub.com/doi/full/10.1177/1055665618802539?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://search.crossref.org/?q=10.1177%2F1055665618802539
https://pubmed.ncbi.nlm.nih.gov/30304946/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Transverse+Maxillary+Development+in+Complete+Cleft+Patients%3A+Comparison+of+2+Treatment+Strategies+by+Longitudinal+and+Cross-Sectional+Model+Analysis&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064839972&origin=resultslist&sort=plf-f&src=s&st1=Transverse+Maxillary+Development+in+Complete+Cleft+Patients%3a+Comparison+of+2+Treatment+Strategies+by+Longitudinal+and+Cross-Sectional+Model+Analysis&st2=&sid=2f8aa54de61e9cae790eaa0d700a91b7&sot=b&sdt=b&sl=155&s=TITLE%28Transverse+Maxillary+Development+in+Complete+Cleft+Patients%3a+Comparison+of+2+Treatment+Strategies+by+Longitudinal+and+Cross-Sectional+Model+Analysis%29&relpos=0&citeCnt=1&searchTerm=
https://search.crossref.org/?q=10.4103%2Fejd.ejd_238_16
https://pubmed.ncbi.nlm.nih.gov/28435370/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Facial+profile+and+maxillary+arch+dimensions+in+unilateral+cleft+lip+and+palate+children+in+the+mixed+dentition+stage&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85015797520&origin=resultslist&sort=plf-f&src=s&st1=Facial+profile+and+maxillary+arch+dimensions+in+unilateral+cleft+lip+and+palate+children+in+the+mixed+dentition+stage&st2=&sid=d39f7c9a439b9682e67af4a8ae72905e&sot=b&sdt=b&sl=124&s=TITLE%28Facial+profile+and+maxillary+arch+dimensions+in+unilateral+cleft+lip+and+palate+children+in+the+mixed+dentition+stage%29&relpos=0&citeCnt=3&searchTerm=
https://www.sciencedirect.com/science/article/pii/S0889540618302166?via%3Dihub
https://search.crossref.org/?q=10.1016%2Fj.ajodo.2016.12.035
https://pubmed.ncbi.nlm.nih.gov/29853246/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Interdisciplinary+approach+for+a+patient+with+unilateral+cleft+lip+and+palate&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85047529861&origin=resultslist&sort=plf-f&src=s&st1=Interdisciplinary+approach+for+a+patient+with+unilateral+cleft+lip+and+palate.+&st2=&sid=22dffd6b2861096b8e49773df773cabe&sot=b&sdt=b&sl=86&s=TITLE%28Interdisciplinary+approach+for+a+patient+with+unilateral+cleft+lip+and+palate.+%29&relpos=0&citeCnt=3&searchTerm=
https://link.springer.com/article/10.1007/s00784-015-1675-1
https://pubmed.ncbi.nlm.nih.gov/26620733/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Analysis+of+the+dentoalveolar+effects+of+slow+and+rapid+maxillary+expansion+in+complete+bilateral+cleft+lip+and+palate+patients%3A+a+randomized+clinical+trial&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84948950736&origin=resultslist&sort=plf-f&src=s&st1=Analysis+of+the+dentoalveolar+effects+of+slow+and+rapid+maxillary+expansion+in+complete+bilateral+cleft+lip+and+palate+patients%3a+a+randomized+clinical+trial&st2=&sid=fe05833c040118a9d3bc2f545c531ae3&sot=b&sdt=b&sl=163&s=TITLE%28Analysis+of+the+dentoalveolar+effects+of+slow+and+rapid+maxillary+expansion+in+complete+bilateral+cleft+lip+and+palate+patients%3a+a+randomized+clinical+trial%29&relpos=0&citeCnt=9&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=14&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1
https://journals.sagepub.com/doi/abs/10.1597/05-161.1
https://search.crossref.org/?q=10.1597%2F05-161.1
https://pubmed.ncbi.nlm.nih.gov/17328641/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Biomechanical+effects+of+rapid+palatal+expansion+on+the+craniofacial+skeleton+with+cleft+palate%3A+a+three-dimensional+finite+element+analysis&btnG=


Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

Upper arch changes in patients with CLP after maxillary expansion

O
ri

g
in

a
l A

rt
ic

le
s 

184-190

CV
Fabrizia d’Apuzzo is a graduate of Dental Medicine (October 2012 with honors) from the Second University of Naples (Italy). She 
attended the “Université Lille II Droit et Santé" in Lille (France) between September 2010 and April 2011 as an “Erasmus” student, 
and the University of Trieste (Italy) on a 3-month travel grant from December 2011 to perform her experimental thesis. She was 
awarded her Postgraduate Diploma in Orthodontics in February 2017 and her PhD in Biomedical and Biotechnological Sciences 
in December 2019. And she is currently a Research Fellow at the University of Campania Luigi Vanvitelli, Naples (Italy). 
Dr. d’Apuzzo has authored and co-authored more about 30 articles, 3 book chapters and over 40 posters. She has been a speaker 
at international conferences and she received several awards and distinctions. 

Fabrizia D’APUZZO
DDS, MS, PhD, Research Fellow

Multidisciplinary Department of Medical-Surgical and Dental Specialties
University of Campania Luigi Vanvitelli Naples

Naples, Italy

19. Bejdová S, Krajíček V, Peterka M, et al. Variability in palatal 
shape and size in patients with bilateral complete cleft lip 
and palate assessed using dense surface model construction 
and 3D geometric morphometrics. J Craniomaxillofac Surg. 
2012;40(3):201-208. doi: 10.1016/j.jcms.2011.04.013.[Full text 
link][CrossRef ][PubMed][Google Scholar][Scopus]  
20. Façanha AJ, Lara TS, Garib DG, da Silva Filho OG. Transverse 
effect of Haas and Hyrax appliances on the upper dental arch 
in patients with unilateral complete cleft lip and palate: a 
comparative study. Dental Press J Orthod. 2014;19(2):39-45. doi: 
10.1590/2176-9451.19.2.039-045.oar.  
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
21. Pugliese F, Palomo JM, Calil LR, et al. Dental arch size and 
shape after maxillary expansion in bilateral complete cleft 
palate: a comparison of three expander designs. Angle Orthod. 
2020;90(2):233-238. doi: 10.2319/020219-74.1.  
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
22. de Almeida AM, Ozawa TO, Alves ACM, et al. Slow versus 
rapid maxillary expansion in bilateral cleft lip and palate: a CBCT 
randomized clinical trial. Clin Oral Investig. 2017;21(5):1789-1799. 
doi: 10.1007/s00784-016-1943-8. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
23. Al-Gunaid T, Asahito T, Yamaki M, et al. Relapse tendency in 
maxillary arch width in unilateral cleft lip and palate patients 
with different maxillary arch forms. Cleft Palate Craniofac J. 
2008;45(3):278-283. doi: 10.1597/07-053. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
24. Grassia V, D’Apuzzo F, Ferrulli VE, et al. Dento-skeletal effects 
of mixed palatal expansion evaluated by postero-anterior 
cephalometric analysis. Eur J Paediatr Dent. 2014;15(1):59-62. 
[Full text link][PubMed][Google Scholar][Scopus]  
25. Perillo L, De Rosa A, Iaselli F, et al. Comparison between rapid 
and mixed maxillary expansion through an assessment of dento-
skeletal effects on posteroanterior cephalometry. Prog Orthod. 
2014;15(1):46. doi: 10.1186/s40510-014-0046-9. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
26. Grassia V, d’Apuzzo F, DiStasio D, et al. Upper and lower arch 
changes after Mixed Palatal Expansion protocol. Eur J Paediatr 
Dent. 2014;15(4):375-380. 
[Full text link][PubMed][Google Scholar][Scopus] [WoS] 
27. Grassia V, d’Apuzzo F, Jamilian A, et al. Comparison between 
rapid and mixed maxillary expansion through an assessment 
of arch changes on dental casts. Prog Orthod. 2015;16:20. doi: 
10.1186/s40510-015-0089-6. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
28. Lione R, Brunelli V, Franchi L, et al. Mandibular response after 
rapid maxillary expansion in class II growing patients: a pilot 
randomized controlled trial. Prog Orthod. 2017;18(1):36. doi: 
10.1186/s40510-017-0189-6. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
29. Ngan P. Biomechanics of maxillary expansion and 
protraction in Class III patients. Am J Orthod Dentofacial Orthop. 
2002;121(6):582-583. doi: 10.1067/mod.2002.124168. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 

30. D’Apuzzo F, Grassia V, Quinzi V, et al. Paediatric Orthodontics. 
Part 4: SEC III protocol in Class III malocclusion. Eur J Paediatr 
Dent. 2019;20(4):330-334. doi: 10.23804/ejpd.2019.20.04.14. 
[Full text link][PubMed][Google Scholar][Scopus]  
31. Generali C, Primozic J, Richmond S, et al. Three-dimensional 
evaluation of the maxillary arch and palate in unilateral cleft 
lip and palate subjects using digital dental casts. Eur J Orthod. 
2017;39(6):641-645. doi: 10.1093/ejo/cjx019. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
32. Smahel Z, Velemínská J, Trefný P, Müllerová Z. Three-
dimensional morphology of the palate in patients with bilateral 
complete cleft lip and palate at the stage of permanent 
dentition. Cleft Palate Craniofac J. 2009;46(4):399-408. doi: 
10.1597/07-199.1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
33. Smahel Z, Trefný P, Formánek P, et al. Three-dimensional 
morphology of the palate in subjects with isolated cleft palate 
at the stage of permanent dentition. Cleft Palate Craniofac J. 
2003;40(6):577-584. doi: 10.1597/1545-1569_2003_040_0577_
tmotpi_2.0.co_2. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
34. De Luca Canto G, Pachêco-Pereira C, Lagravere MO, et al. 
Intra-arch dimensional measurement validity of laser-scanned 
digital dental models compared with the original plaster models: 
a systematic review. Orthod Craniofac Res. 2015;18(2):65-76. doi: 
10.1111/ocr.12068. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
35. Shahen S, Carrino G, Carrino R, et al. Palatal volume and 
area assessment on digital casts generated from cone-beam 
computed tomography scans. Angle Orthod. 2018;88(4):397-402. 
doi: 10.2319/091117-611.1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS] 
36. Smahel Z, Trefný P, Formánek P, et al. Three-dimensional 
morphology of the palate in subjects with unilateral complete 
cleft lip and palate at the stage of permanent dentition. Cleft 
Palate Craniofac J. 2004;41(4):416-423. doi: 10.1597/03-053.1.  
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
37. Lewis BR, Stern MR, Willmot DR. Maxillary anterior tooth size 
and arch dimensions in unilateral cleft lip and palate. Cleft Palate 
Craniofac J. 2008;45(6):639-646. doi: 10.1597/07-078.1. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
38. Iwasaki T, Yanagisawa-Minami A, Suga H, et al. Rapid maxillary 
expansion effects of nasal airway in children with cleft lip and 
palate using computational fluid dynamics. Orthod Craniofac Res. 
2019;22(3):201-207. doi: 10.1111/ocr.12311. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus]  
Ayub PV, Janson G, Gribel BF, et al. Analysis of the maxillary  
39. dental arch after rapid maxillary expansion in patients with 
unilateral complete cleft lip and palate. Am J Orthod Dentofacial 
Orthop. 2016;149(5):705-715. doi: 10.1016/j.ajodo.2015.11.022. 
[Full text link][CrossRef ][PubMed][Google Scholar][Scopus] [WoS]

189

https://www.sciencedirect.com/science/article/pii/S1010518211001041?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1010518211001041?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/21612940/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Variability+in+Palatal+Shape+and+Size+in+Patients+With+Bilateral+Complete+Cleft+Lip+and+Palate+Assessed+Using+Dense+Surface+Model+Construction+and+3D+Geometric+Morphometrics&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84858706216&origin=resultslist&sort=plf-f&src=s&st1=Variability+in+palatal+shape+and+size+in+patients+with+bilateral+complete+cleft+lip+and+palate+assessed+using+dense+surface+model+construction+and+3D+geometric+morphometrics.&st2=&sid=92445ebaf395db44eda80f1b4ddc603c&sot=b&sdt=b&sl=181&s=TITLE%28Variability+in+palatal+shape+and+size+in+patients+with+bilateral+complete+cleft+lip+and+palate+assessed+using+dense+surface+model+construction+and+3D+geometric+morphometrics.%29&relpos=0&citeCnt=24&searchTerm=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4296605/
https://search.crossref.org/?q=10.1590%2F2176-9451.19.2.039-045.oar
https://pubmed.ncbi.nlm.nih.gov/24945513/
https://www.scopus.com/record/display.uri?eid=2-s2.0-84904381167&origin=resultslist&sort=plf-f&src=s&st1=Transverse+effect+of+Haas+and+Hyrax+appliances+on+the+upper+dental+arch+in+patients+with+unilateral+complete+cleft+lip+and+palate%3a+a+comparative+study&st2=&sid=5e39b261b5a9f60ca43f10528f92e1cc&sot=b&sdt=b&sl=157&s=TITLE%28Transverse+effect+of+Haas+and+Hyrax+appliances+on+the+upper+dental+arch+in+patients+with+unilateral+complete+cleft+lip+and+palate%3a+a+comparative+study%29&relpos=0&citeCnt=5&searchTerm=
https://meridian.allenpress.com/angle-orthodontist/article/90/2/233/427636/Dental-arch-size-and-shape-after-maxillary
https://search.crossref.org/?q=10.2319%2F020219-74.1
https://pubmed.ncbi.nlm.nih.gov/31469593/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Dental+arch+size+and+shape+after+maxillary+expansion+in+bilateral+complete+cleft+palate%3A+A+comparison+of+three+expander+designs&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85084128639&origin=resultslist&sort=plf-f&src=s&st1=Dental+arch+size+and+shape+after+maxillary+expansion+in+bilateral+complete+cleft+palate%3a+A+comparison+of+three+expander+designs&st2=&sid=784ca176fbe35bfc785ee0de83740ac8&sot=b&sdt=b&sl=134&s=TITLE%28Dental+arch+size+and+shape+after+maxillary+expansion+in+bilateral+complete+cleft+palate%3a+A+comparison+of+three+expander+designs%29&relpos=0&citeCnt=0&searchTerm=
https://link.springer.com/article/10.1007%2Fs00784-016-1943-8
https://search.crossref.org/?q=10.1007%2Fs00784-016-1943-8
https://pubmed.ncbi.nlm.nih.gov/27550292/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Slow+versus+rapid+maxillary+expansion+in+bilateral+cleft+lip+and+palate%3A+a+CBCT+randomized+clinical+trial&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84983537440&origin=resultslist&sort=plf-f&src=s&st1=Slow+versus+rapid+maxillary+expansion+in+bilateral+cleft+lip+and+palate%3a+a+CBCT+randomized+clinical+trial&st2=&sid=0889b55e30cccdcd9358649af166a044&sot=b&sdt=b&sl=112&s=TITLE%28Slow+versus+rapid+maxillary+expansion+in+bilateral+cleft+lip+and+palate%3a+a+CBCT+randomized+clinical+trial%29&relpos=0&citeCnt=8&searchTerm=
https://journals.sagepub.com/doi/abs/10.1597/07-053
https://pubmed.ncbi.nlm.nih.gov/18452362/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Relapse+Tendency+in+Maxillary+Arch+Width+in+Unilateral+Cleft+Lip+and+Palate+Patients+with+Different+Maxillary+Arch+Forms&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-44649090126&origin=resultslist&sort=plf-f&src=s&st1=Relapse+Tendency+in+Maxillary+Arch+Width+in+Unilateral+Cleft+Lip+and+Palate+Patients+with+Different+Maxillary+Arch+Forms&st2=&sid=cfd0948f87abb7f0912a1a4adc5b45d8&sot=b&sdt=b&sl=127&s=TITLE%28Relapse+Tendency+in+Maxillary+Arch+Width+in+Unilateral+Cleft+Lip+and+Palate+Patients+with+Different+Maxillary+Arch+Forms%29&relpos=0&citeCnt=11&searchTerm=
https://www.researchgate.net/publication/261763534_Dento-skeletal_effects_of_mixed_palatal_expansion_evaluated_by_postero-anterior_cephalometric_analysis
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Dento-skeletal+effects+of+mixed+palatal+expansion+evaluated+by+postero-anterior+cephalometric+analysis&btnG=
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4138550/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+dento-skeletal+effects+on+posteroanterior+cephalometry&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84960432054&origin=resultslist&sort=plf-f&src=s&st1=Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+dento-skeletal+effects+on+posteroanterior+cephalometry&st2=&sid=7fb39748f5754da944db23b83e2fab2f&sot=b&sdt=b&sl=141&s=TITLE%28Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+dento-skeletal+effects+on+posteroanterior+cephalometry%29&relpos=0&citeCnt=15&searchTerm=
https://www.researchgate.net/publication/269772357_Upper_and_lower_arch_changes_after_Mixed_Palatal_Expansion_protocol
https://pubmed.ncbi.nlm.nih.gov/25517583/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Upper+and+lower+arch+changes+after+Mixed+Palatal+Expansion+protocol&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84928587221&origin=resultslist&sort=plf-f&src=s&st1=Upper+and+lower+arch+changes+after+Mixed+Palatal+Expansion+protocol.+&st2=&sid=b4b15aee55db757abc8e69225b652ddb&sot=b&sdt=b&sl=76&s=TITLE%28Upper+and+lower+arch+changes+after+Mixed+Palatal+Expansion+protocol.+%29&relpos=0&citeCnt=8&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=20&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4484519/
https://search.crossref.org/?q=10.1186%2Fs40510-015-0089-6
https://pubmed.ncbi.nlm.nih.gov/26122076/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+arch+changes+on+dental+casts&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84953389674&origin=resultslist&sort=plf-f&src=s&st1=Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+arch+changes+on+dental+casts&st2=&sid=1d9fb2f5844037447e5560098aeed2e7&sot=b&sdt=b&sl=115&s=TITLE%28Comparison+between+rapid+and+mixed+maxillary+expansion+through+an+assessment+of+arch+changes+on+dental+casts%29&relpos=0&citeCnt=12&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=21&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5673058/
https://search.crossref.org/?q=10.1186%2Fs40510-017-0189-6
https://pubmed.ncbi.nlm.nih.gov/29105023/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Mandibular+response+after+rapid+maxillary+expansion+in+class+II+growing+patients%3A+a+pilot+randomized+controlled+trial&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85032916016&origin=resultslist&sort=plf-f&src=s&st1=Mandibular+response+after+rapid+maxillary+expansion+in+class+II+growing+patients%3a+a+pilot+randomized+controlled+trial&st2=&sid=5c02b2f0fb4d039966f3770490287690&sot=b&sdt=b&sl=124&s=TITLE%28Mandibular+response+after+rapid+maxillary+expansion+in+class+II+growing+patients%3a+a+pilot+randomized+controlled+trial%29&relpos=1&citeCnt=4&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=22&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=2&cacheurlFromRightClick=no
https://www.sciencedirect.com/science/article/abs/pii/S0889540602000112?via%3Dihub
https://search.crossref.org/?q=10.1067%2Fmod.2002.124168
https://pubmed.ncbi.nlm.nih.gov/12080306/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Biomechanics+of+maxillary+expansion+and+protraction+in+Class+III+patients.+&btnG=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=23&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://pubmed.ncbi.nlm.nih.gov/31850779/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Paediatric+Orthodontics.+Part+4%3A+SEC+III+Protocol+in+Class+III+Malocclusion&btnG=
https://academic.oup.com/ejo/article/39/6/641/3090313
https://search.crossref.org/?q=10.1093%2Fejo%2Fcjx019
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Three-dimensional+evaluation+of+the+maxillary+arch+and+palate+in+unilateral+cleft+lip+and+palate+subjects+using+digital+dental+casts&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85040067441&origin=resultslist&sort=plf-f&src=s&st1=Three-dimensional+evaluation+of+the+maxillary+arch+and+palate+in+unilateral+cleft+lip+and+palate+subjects+using+digital+dental+casts&st2=&sid=ed7c0aaab7b6a094b970ac336e5cbb90&sot=b&sdt=b&sl=139&s=TITLE%28Three-dimensional+evaluation+of+the+maxillary+arch+and+palate+in+unilateral+cleft+lip+and+palate+subjects+using+digital+dental+casts%29&relpos=0&citeCnt=6&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=27&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1
https://journals.sagepub.com/doi/abs/10.1597/07-199.1
https://search.crossref.org/?q=10.1597%2F07-199.1
https://pubmed.ncbi.nlm.nih.gov/19697468/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Three-Dimensional+Morphology+of+the+Palate+in+Patients+with+Bilateral+Complete+Cleft+Lip+and+Palate+at+the+Stage+of+Permanent+Dentition&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-67650179509&origin=resultslist&sort=plf-f&src=s&st1=Three-dimensional+morphology+of+the+palate+in+patients+with+bilateral+complete+cleft+lip+and+palate+at+the+stage+of+permanent+dentition&st2=&sid=2c79d28cbb898586079e2277d475b97c&sot=b&sdt=b&sl=142&s=TITLE%28Three-dimensional+morphology+of+the+palate+in+patients+with+bilateral+complete+cleft+lip+and+palate+at+the+stage+of+permanent+dentition%29&relpos=0&citeCnt=11&searchTerm=
https://journals.sagepub.com/doi/abs/10.1597/1545-1569_2003_040_0577_tmotpi_2.0.co_2
https://search.crossref.org/?q=10.1597%2F1545-1569_2003_040_0577_tmotpi_2.0.co_2
https://pubmed.ncbi.nlm.nih.gov/14577820/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Three-Dimensional+Morphology+of+the+Palate+in+Subjects+with+Isolated+Cleft+Palate+at+the+Stage+of+Permanent+Dentition&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1111/ocr.12068
https://search.crossref.org/?q=10.1111%2Focr.12068
https://pubmed.ncbi.nlm.nih.gov/25677755/
https://www.scopus.com/record/display.uri?eid=2-s2.0-84926418730&origin=resultslist&sort=plf-f&src=s&st1=Intra-arch+dimensional+measurement+validity+of+laser-scanned+digital+dental+models+compared+with+the+original+plaster+models%3a+a+systematic+review&st2=&sid=e22006ccfda44dc13160d6fcd4ecc175&sot=b&sdt=b&sl=152&s=TITLE%28Intra-arch+dimensional+measurement+validity+of+laser-scanned+digital+dental+models+compared+with+the+original+plaster+models%3a+a+systematic+review%29&relpos=0&citeCnt=20&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=28&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://meridian.allenpress.com/angle-orthodontist/article/88/4/397/57770/Palatal-volume-and-area-assessment-on-digital
https://pubmed.ncbi.nlm.nih.gov/29561657/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Palatal+volume+and+area+assessment+on+digital+casts+generated+from+cone-beam+computed+tomography+&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049995184&origin=resultslist&sort=plf-f&src=s&st1=Palatal+volume+and+area+assessment+on+digital+casts+generated+from+&st2=&sid=9e8b558c97ba84166ef3e1e7b538620a&sot=b&sdt=b&sl=74&s=TITLE%28Palatal+volume+and+area+assessment+on+digital+casts+generated+from+%29&relpos=0&citeCnt=2&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=29&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no
https://journals.sagepub.com/doi/abs/10.1597/03-053.1
https://search.crossref.org/?q=10.1597%2F03-053.1
https://pubmed.ncbi.nlm.nih.gov/15298002/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Three-dimensional+morphology+of+the+palate+in+subjects+with+unilateral+complete+cleft+lip+and+palate+at+the+stage+of+permanent+dentition&btnG=
https://journals.sagepub.com/doi/abs/10.1597/07-078.1
https://search.crossref.org/?q=10.1597%2F07-078.1
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Maxillary+anterior+tooth+size+and+arch+dimensions+in+unilateral+cleft+lip+and+palate&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-55949092682&origin=resultslist&sort=plf-f&src=s&st1=Maxillary+anterior+tooth+size+and+arch+dimensions+in+unilateral+cleft+lip+and+palate&st2=&sid=76d6efbf7471557e670971262ae4b474&sot=b&sdt=b&sl=91&s=TITLE%28Maxillary+anterior+tooth+size+and+arch+dimensions+in+unilateral+cleft+lip+and+palate%29&relpos=0&citeCnt=17&searchTerm=
https://onlinelibrary.wiley.com/doi/full/10.1111/ocr.12311
https://search.crossref.org/?q=10.1111%2Focr.12311
https://pubmed.ncbi.nlm.nih.gov/30912603/
https://www.scopus.com/record/display.uri?eid=2-s2.0-85064624943&origin=resultslist&sort=plf-f&src=s&st1=Rapid+maxillary+expansion+effects+of+nasal+airway+in+children+with+cleft+lip+and+palate+using+computational+fluid+dynamics&st2=&sid=4eda03614564efc8b8abdf25d90484d4&sot=b&sdt=b&sl=129&s=TITLE%28Rapid+maxillary+expansion+effects+of+nasal+airway+in+children+with+cleft+lip+and+palate+using+computational+fluid+dynamics%29&relpos=0&citeCnt=0&searchTerm=
https://www.sciencedirect.com/science/article/pii/S0889540616000366?via%3Dihub
https://search.crossref.org/?q=10.1016%2Fj.ajodo.2015.11.022
https://pubmed.ncbi.nlm.nih.gov/27131253/
https://scholar.google.com/scholar?hl=it&as_sdt=0%2C5&q=Analysis+of+the+Maxillary+Dental+Arch+After+Rapid+Maxillary+Expansion+in+Patients+With+Unilateral+Complete+Cleft+Lip+and+Palate&btnG=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84969540332&origin=resultslist&sort=plf-f&src=s&st1=Analysis+of+the+maxillary+dental+arch+after+rapid+maxillary+expansion+in+patients+with+unilateral+complete+cleft+lip+and+palate&st2=&sid=32769ee3dc4a4b070066df4d33c497ef&sot=b&sdt=b&sl=134&s=TITLE%28Analysis+of+the+maxillary+dental+arch+after+rapid+maxillary+expansion+in+patients+with+unilateral+complete+cleft+lip+and+palate%29&relpos=0&citeCnt=7&searchTerm=
https://apps-webofknowledge-com.am.e-nformation.ro/full_record.do?product=WOS&search_mode=GeneralSearch&qid=32&SID=F2zlOTTAGiRIIYJ2u9m&page=1&doc=1&cacheurlFromRightClick=no


Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

d’Apuzzo F, et al.

Questions 
1. Cleft lip and palate is a?
qa. Congenital craniofacial birth anomaly;
qb. Congenital dental disorder;
qc. Nosocomial infection;
qd. Acquired disorder.

2. What is the etiology of cleft lip and palate?
qa. Environmental;
qb. Genetic;
qc. Epigenetic;
qd. All of the aforementioned.

3. What is the first surgery performed in CLP patients?
qa. Alveolar bone graft;
qb. Lip; 
qc. Soft palate; 
qd. Hard palate. 

4. Patients with cleft lip and palate can have 
qa. Skeletal maxillary constriction; 
qb. Dental posterior crossbite; 
qc. Reduced intercanine widths;
qd. All of the aforementioned.

184-190190



Stoma Edu J. 2020;7(3):                                                                                pISSN 2360-2406; eISSN 2502-0285

www.stomaeduj.com

O
ri

g
in

a
l A

rt
ic

le
s 

191-196

DENTAL PUBLIC HEALTH
UNMET DENTAL TREATMENT NEED IMPAIRS QUALITY OF 
LIFE IN HEPATITIS C VIRUS-INFECTED PATIENTS
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Introduction The hepatitis C virus (HCV) infection is a health condition affecting 3% of the world population, 
which oral manifestations and associated factors interest both physicians and dentists. The aim of this work 
was to describe the dental treatment need and the impact of the perception of the oral component of health 
on the quality of life in HCV+ patients. 
Methodology Descriptive study on a convenience sample. 45 HCV+ patients (46±5 y.o.) completed 
the OHIP-14 questionnaire, which consists of 14 questions grouped in 7 domains (D1 functional 
limitation, D2 physical pain, D3 psychological discomfort, D4 physical disability, D5 psychological 
disability, D6 social disability and D7 general disability). The participants indicated their responses 
using a Likert-type frequency scale. The Community Caries Index of Treatment Need (CCITN) was 
determined for each patient. The proportion and CI95% of the social impact on the quality of life 
were calculated. The association between CCITN and the quality of life was assessed by Chi2 (p<0.05).  
Results The CCITN was 11 (8-14). The overall social impact was 38% (24-52%). The increasing order 
relationship of the impact on each of the domains was D1, D7, D6, D4, D5, D2, D3. A significant association 
between oral health-related quality of life and CCITN was observed (Chi2 = 7.57, p = 0.006), showing greater 
impairment of the quality of life as the treatment need increased. 
Conclusion The association between CCITN and quality of life becomes evident using OHIP-14 during dental 
appointments. The results suggest the need for comprehensive interventions during the provision of oral 
health care to HCV+ patients.
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1. INTRODUCTION

The hepatitis C (HCV) viral infection affects 175 
million subjects over the world, that is, 3% of its 
population; and, three millions of new infections 
are reported each year [1]. Chronic liver pathology 
consequent to HCV has been reported in eighty 
percent of the infected patients. If no treatment is 
administered, close to 25% of patients progresses to 
liver cirrhosis [2]. Once cirrhosis has been diagnosed, 

the incidence of hepatocellular carcinoma, one of 
the main indications of liver transplant, is 3-5% per 
year [3]. In Latin America and the Caribbean region 
HCV infected patients are estimated at 7.8 million 
[4]. In Argentina HCV is considered a low prevalence 
infection, with an approximate value of 1.2%, which 
increases in overcrowded dwelling conditions 
up to 3.6%. Males (3.4%) are more affected than 
females (2.5%) [5]. The infection risk rate has also 
been studied in South American countries. The 
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nosocomial infection risk was the highest (45.3%), 
followed by sexual transmission (18.8%), unknown 
causes (12.5%), use of intravenous drugs (4.7%) and 
occupational exposure (4.7%) [6].
Extra hepatic manifestations of HCV infection 
include depression (25%) and diabetes (15%) as 
the most frequent ones, along with chronic renal 
disease, B-cells lymphoma, cutaneous porphyria and 
rheumatoid arthritis [7]. The oral manifestations of 
hepatic dysfunction include oral mucosa jaundice 
and petechiae, blood coagulation disorders, gingi-
vitis and gum bleeding, perioral rash, atrophic 
tongue and hepatic halitosis. Xerostomia has been 
reported as a frequent symptom of HCV infection 
and Sjögren disease, and sialadenitis and oral lichen 
planus are more likely to occur [8,9]. Dry eye and 
mouth symptoms have been reported in 20-30% 
of HCV infected patients. However, less than 5% of 
Sjögren patients are also HCV patients [10]. As for 
the periodontal conditions of patients suffering 
from hepatic diseases, there are no updated reports 
focused on their association, but the development 
of specific research lines has been encouraged [11]. 

In this regard, the affected oral status described 
above may result in predisposing conditions for 
the development of periodontal disease and oral 
carcinogenesis. For this reason, the existence of an 
immunological link between HCV and periodontal 
health is being studied [12].
The health care of HCV infected patients is a matter 
of concern of both, physicians and dentists. The 
inclusion of the dental examination and treatment 
in the routine medical health care protocol for these 
patients has been proposed and the interdisciplinary 
collaboration between physicians and dentists has 
also been pointed out as mandatory [13]. However, 
little is known about the oral component of health 
in HCV patients. 
This lack of updated knowledge motivated this 
investigation aimed at determining the need for 
dental treatment in HCV positive patients and the 
social perception they have of the oral component 
of health on their quality of life. Our hypothesis 
states that oral health conditions derived from HCV 
infection impair the quality of life of the affected 
subjects.

 Table 1.  Description of the Community Caries Index of Treatment Need (CCITN).

Health condition Score Needed treatment

Healthy mouth with preventive 
treatment 00 No treatment needed

Healthy mouth without preventive 
treatment 01 Basic preventive plan

Healthy mouth with dental white 
spots/ deep grooves 02 Additional preventive plan including the sealing of dental 

grooved and fissures

Amelo-dentinal tooth decay in 1 
quadrant of the mouth 03 Additional preventive plan + restorative treatment in 1 quadrant

Amelo-dentinal tooth decay in 2 
quadrant of the mouth 04 Additional preventive plan + restorative treatment in 2 

quadrants

Amelo-dentinal tooth decay in 3 
quadrant of the mouth 05 Additional preventive plan + restorative treatment in 3 

quadrants

Amelo-dentinal tooth decay in 4 
quadrant of the mouth 06 Additional preventive plan + restorative treatment in 4 

quadrants

Pulp disease in 1 quadrant of the 
mouth 07 Additional preventive plan + pulp treatment in 1 quadrant of the 

mouth + restorations 

Pulp disease in 2 quadrants of the 
mouth 08 Additional preventive plan + pulp treatment in 2 quadrants of 

the mouth + restorations

Pulp disease in 3 quadrants of the 
mouth 09 Additional preventive plan + pulp treatment in 3 quadrants of 

the mouth + restorations

Pulp disease in 4 quadrants of the 
mouth 10 Additional preventive plan + pulp treatment in 4 quadrants of 

the mouth + restorations

Missed teeth in 1 quadrant of the 
mouth 11 Additional preventive plan + pulp treatment + tooth removal + 

prosthesis rehabilitation in 1 quadrant of the mouth

Missed teeth in 2 quadrants of the 
mouth 12 Additional preventive plan + pulp treatment + tooth removal + 

prosthesis rehabilitation in 2 quadrant of the mouth

Missed teeth in 3 quadrants of the 
mouth 13 Additional preventive plan + pulp treatment + tooth removal + 

prosthesis rehabilitation in 3 quadrant of the mouth

Missed teeth in 4 quadrants of the 
mouth 14 Additional preventive plan + pulp treatment + tooth removal + 

prosthesis rehabilitation in 4 quadrant of the mouth

Farias MA, et al.
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Dental health and HCV infection

2. METHODOLOGY

The investigation was planned as a descriptive 
observational study including some preliminary 
analytical work regarding the prevalence of the 
need for dental treatment and its associated social 
impact on the quality of life of HCV+ patients. From 
this study population, a sample consisting of 45 
patients was obtained through the non-probabilistic 
convenience sampling method. Thirty patients were 
males and 15 were females, with a mean age of 46±5 
y.o. Participants were recruited from patients with 
chronic moderate HCV infection referred to this Unit 
by their treating hepatologists for oral check-up. 
The reported time course of the infection was for 
all of them three years and the drug therapy they 
had received was interferon and rivabirin. All of the 
referred patients had health insurance, a formal 
employment, middle income and were high school 
graduates. 
Patients coinfected with HIV, users of nasal drugs, 
smokers and users of intravenous drugs (except for 
those rehabilitated five years prior to recruitment) 
were not included in this study. Recruitment was 
done at the High Risk Patients Dental Care Unit 
(CLAPAR I), an oral health care clinic at the Dental 
School of the University of Buenos Aires, between 
April 2014 and July 2015. All participants gave their 
written informed consent for free and voluntary 
participation in the study. 
The research protocol was reviewed and approved 
by the Ethics Committee of the Dental School of 
the University of Buenos Aires (Acceptance number: 

CETICAFOUBA20020120100324BA/13). The need 
for dental treatment was assessed through the 
Community Caries Index of Treatment Need (CCITN) 
[14] during the clinical routine examination of the 
oral cavity performed by three previously calibrated 
operators (Kappa's coefficient=0.92). The CCITN was 
designed to determine the oral health condition 
of populations in terms of health and disease. It 
indicates the recommended treatment to achieve 
a healthy oral condition, and it also estimates 
the amount of appropriate resources to provide 
the corresponding oral health care. The index is 
determined within an ordinal number scale from 0 
to 14 following the criteria shown in the Table 1.
The social impact of the oral health condition on 
the quality of life was measured using the validated 
questionnaire Oral Health Impact Profile (OHIP-14)  
[15], which consists of 14 questions grouped in 7 
domains; namely, D1: functional limitation, D2: phy-
sical pain, D3: psychological discomfort, D4: physical 
disability, D5: psychological disability, D6: social 
disability and D7: general disability. Participants indi-
cated their responses using a Likert-type frequency 
scale: never, hardly ever, sometimes, frequently and 
very frequently, coded as 0, 1, 2, 3 and 4 respectively. 
The total score was obtained as the sum of the coded 
score numbers given to each of the questions. This 
procedure allows the calculation of 0 as the minimal 
score and 56 as the maximal one, indicating greater 
impact as the score value increases. 
The descriptive statistical data analysis included 
the calculation of median and range for the CCITN 
and the frequency distribution determination for 
each category of the index. The assessment of 
the social impact included the calculation of the 
percent proportion of the impact along with the 
95% confidence interval. The inferential statistical 
analysis evaluated through Chi2 test the association 
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 Figure 1.  CCITN in HCV+ patients. Box plot of the distribution of the 
index obtained values showing median and range of the need for dental 
treatment in a sample of 45 infected subjects.

 Figure 2.  HCV+ patients need for dental treatment. Bar chart of the 
percent distribution of patients according to CCITN values (n = 45).
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between CCITN score and OHIP-14 percent of impact 
distributions according to their corresponding me-
dian and mean values, respectively. The level of 
significance used to determine the association was 
p<0.05.

3. RESULTS

The need for dental treatment found in HCV+ 
patients in this investigation was great. The obtained 
median value of CCITN was 11 and its range was 8-14, 
as shown in Fig. 1 and Fig. 2. There were no patients 
with healthy oral conditions and no patients with 
only amelo-dentinal tooth decay either. In all cases, 
tooth decay involved dental pulp in different extent. 
The frequency distribution of CCITN values found in 
male patients was not significantly (Chi²=0.21, p= 
0.96) different from those determined for female 
patients (data not shown). 
The social impact of the oral component of health 
self-reported through the use of OHIP-14 revealed 
a 38% of impact (CI95%: 24-52%) in HCV+ patients 
included in the convenience sample studied in the 
present research and no significant differences (Chi² 
=0.34, p=0.88) were found between male and female 
patients (data not shown). 
Fig. 3 shows this finding along with the differential 
impact recorded for each single domain of the 
questionnaire. The social impact showed the 
increasing order D1 < D 7 < D4 < D5 < D6 < D2 < 
D3, being D3 (78%, IC95 90-66%) and D2 (62%, IC95 
48-76%), the domains revealing the highest social 
impact of the oral component of health on the 
quality of life.
To assess the association between CCITN and OHIP-
14, the distribution of patients was determined in 
two categories according to the value of 11 for the 
dental treatment need, and according to the value 
of 38% for the social impact. Fig. 4 shows 52% of the 
HCV+ patients reporting social impact above 38% 
if their CCITN value is found above 11, revealing a 

significant association between those two variables 
(Chi²=7.57, p=0.006).

4. DISCUSION

This is the first study investigating the need for 
dental treatment in HCV+ subjects in association 
with the quality of life of this patient population. The 
results reported herein interest both physicians and 
dentists and provide new evidence for the successful 
interdisciplinary approach of this viral infection. Up 
to now, most studies have focused exclusively on the 
oral manifestations of the HCV infection and on the 
haemostatic associated complications. For instance, 
oral lichen planus is clinically diagnosed by dentists 
[16] and it has been reported as involved in oral 
carcinogenesis [17]. 
Another well-known systemic disorder of HCV 
infection involves haemostatic complications lead-
ing to oral bleeding during dental procedures [8], 
especially in the acute stage of the disease, but fewer 
complications have been reported in asymptomatic 
chronic patients [18]. It is also known that the viral 
infection may alter the metabolism of certain drugs. 
That is why the current clinical challenge includes 
the prediction and treatment of hemorrhage and 
the careful evaluation of drugs interactions in HCV 
infected patients [19]. 
The results reported in this study show a clear social 
impact of the oral component of health which impairs 
the quality of life of the studied HCV+ patients, who 
mainly experience physical pain and psychological 
discomfort because of their dental status consequent 
to the course of the liver disease as we hypothesize. 
Given that the study design used herein lacks a 
control group studied in parallel, data of CCITN and 
OHIP-14 previously reported in other groups of pati-
ents may be useful for a comparative discussion. 
Compared to non-medically compromised patients, 
the CCITN largely exceed the reported value of 6 
[20] in healthy subjects and the social impact on 
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 Figure 3.  Social impact of the oral component of health in HCV+ pa-
tients. Box plot of the distribution of the social impact expressed as %. The 
proportion and CI95% obtained in 45 patients are shown. The numbers on 
the x axis indicate the OHIP-14 domains: 1 functional limitation, 2 physical 
pain, 3 psychological discomfort, 4 physical disability, 5 psychological 
disability, 6 social disability and 7 general disability. Number 8 indicates the 
overall impact value.

 Figure 4.  Association between Community Caries Index of Treatment 
Need (CCITN) values and Oral Health Impact Profile (OHIP-14) score. 
Bar plot of the distribution of HCV+ patients (n = 45) grouped according 
median CCITN and mean % of social impact reported through OHIP-14.
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the quality of life regarded as intermediate [21]. As 
compared to other viral infections, HIV+ patients 
showed also social impact of the oral conditions on 
the quality of life with similar percentage (36%) and 
similar CCITN values [14]. 
These results are in line with previous findings of 
hepatologists, surgeons and psychologists reporting  
that HCV infection negatively changes the patients' 
quality of life in the analysis of the psychological 
component of health [22]. Increased levels of anxiety 
and depression have been reported to impair the 
quality of live [23].
The results obtained in this investigation provide 
evidence to support the early referral to oral health 
care of HCV+ patients, which will benefit the patients 
since the beginning of the medical treatment if they 
are referred to the dentist during the first medical 
visit, a professional decision that we strongly reco-
mmend. 
Although the sample size we analyzed may appear 
small, it was large enough to perform the planned 
statistical analysis meeting the criteria of optimal 
sample size. 
The future perspective of this research includes 
the extension of the study variables such as the 
Community Periodontal Index, dental plaque index, 
HCV viral load in blood, routine hepatic enzymes 
laboratory values and the time course of the viral 
infections which will be interesting to perform a 
multivariate analysis of factors.

5. CONCLUSION

On the basis of the features of this convenience 
sample showing moderate chronic viral infection, 
it can be concluded that the need for dental 
treatment in HCV+ patients is high and impairs 
the quality of life of the subjects, a fact detectable 
during the routine dental visit through the use of 
the OHIP-14 Questionnaire. Our results suggest 
that oral preventive measures should be necessarily 
reinforced in the oral health care of this group of 
patients.
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Questions 
1. Which of the following oral manifestations could be found in HCV infected patients?
qa. Mucosa jaundice and petechiae, blood coagulation disorders;
qb. Gingivitis and gum bleeding, perioral rash, atrophic tongue and hepatic halitosis;
qc. Xerostomia;
qd. All of them are correct.

2. What is the ideal dental treatment approach for HCV positive patients?
qa. Interdisciplinary approach;
qb. No specific approach;
qc. Approach does not matter if patients receive medical treatment;
qd. Interdisciplinary approach is not required.

3. What is the need for dental treatment in HCV infected patients? 
qa. No need;
qb. Low;
qc. Moderate;
qd. High.

4. What it the relationship between unmet oral health care needs and the quality of life in 
HCV positive patients?
qa. Impairs quality of life;
qb. Improves quality of life;
qc. Quality of life is not affected;
qd. There is no relation between oral health and quality of life.
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OCCLUSION AND TMJ
THE INFLUENCE OF OCCLUSION ON MASTICATORY 
EFFICIENCY CONSIDERING RELEVANT INFLUENCING 
FACTORS
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Introduction The role of the occlusal quality as a relevant factor for mastication is controversially discussed. 
This paper aims to determine the role of the occlusion given the influencing factors. The correlation between 
the subjective evaluation of treatment needs and objective chewing test results are assessed. 
Methodology 842 participants (female n=460, 54.5%; male n=382, 45.4%) performed a standardized 
chewing test. The participants’ occlusal quality, angle classification, age, gender, treatment needs and 
intraoral status were recorded. The participants were instructed to break down the standardized chewing 
tests units. The particles were collected in a sieve and placed on a calibrated acquisition board. Standardized 
images were analysed, measuring the areas of each particles in mm2. Null Hypotheses were tested with the 
Kruskal-Wallis tests and post hoc tests with Bonferroni correction, to be rejected at p≤0.01. 
Results The occlusion quality has a significant impact on the chewing efficiency (p≤0.001), but angle 
classification only to some extent. Age (p≤0.001) and gender (p≤0.001) are important intrinsic factors. Fixed 
prosthodontics do not reach the chewing performance of natural occlusion (p≤0,01). The subjective clinical 
assessment of treatment needs correlates in categories with strong differentiations (p≤0,001), but not if only 
minor differences are asserted (p≤0,515). 
Conclusion The occlusion quality has a significant impact on the chewing efficiency. Masticatory performance 
is highly dependent on the natural or artificial chewing surface morphology. Age, gender and the intraoral 
status are important intrinsic factors. The maintenance of a sufficient functional oral status is a crucial task in 
the care of the aging population.

ABSTRACT

Chewing Efficiency; Chewing Surface Morphology; Dental Occlusion; Mastication; Standardized Chewing 
Test.

KEYWORDS

OPEN ACCESS This is an Open Access article under the CC BY-NC 4.0 license.
Peer-Reviewed Article

Citation: Slavicek G. The influence of occlusion on masticatory efficiency considering relevant influencing factors. Stoma Edu J. 2020;7(3):197-207.
Received: August 24, 2020; Revised: September 11, 2020; Accepted: September 12, 2020;  Published: September 14, 2020
*Corresponding author: Dr. Gregor Slavicek, MD, DDS, MSc, CEO and Head; OREHAB-Minds GmbH, Zettachring 2, DE-70567 Stuttgart, Germany
Tel./Fax: +49-7307-24922-11; e-mail: g.slavicek@orehab-minds.com
Copyright: © 2020 the Editorial Council for the Stomatology Edu Journal.

1. INTRODUCTION

1.1. Aim of mastication
The aim of a masticatory process is to comminute 
food as homogeneously as possible, to moisten 
the food bolus with saliva and to prepare it for 
swallowing. The principle of the mechanical proce-
ssing of food is found in all mammals, including 
humans. From an evolutionary perspective, it is an 
advantage to comminute food prior to digestion in 

the gastrointestinal tract. This mechanical fragmen- 
tation makes digestion more efficient [1]. The 
provision of energy and essential nutrients can 
be guaranteed by the regular intake of smaller, 
but mechanically processed amounts of foods. 
The masticatory process poses a major functional 
challenge to the stomatognathic system for its 
whole lifetime [2]. Mastication exerts a substantial 
effect on human health [3]. Food, inserted in the 
mouth, is normally known. So, an expectation 

https://doi.org/10.25241/stomaeduj.2020.7(3).art.6
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exists, reinforced by visual, olfactory, and gustatory 
sensations. Based on this preliminary information, 
patterns can be retrieved from memory that are 
optimally adapted to the food. If the feedback from 
the intra- and extraoral proprioceptors differs from 
the expectations, the masticatory pattern will be 
adapted [4]. These feed-back mechanisms react to 
the so-called mouth feel of food (Tab.1).

1.2. Teeth are highly specialized tools
Teeth are used as highly specialised tools when 
food needs to be comminuted. Teeth have adapted 
over the course of evolution to the needs of the 
mammalian species in an astonishing variety of forms 
[5]. A food bolus positioned between the dental 
arches is broken down mechanically. The structures 
of the occlusal surface of the teeth tend to be flat 
with prominent enamel ridges in many mammals, 
so the masticatory forces have an optimal effect on 
food [6]. The huge variety in the morphology of the 
masticatory surfaces can be explained by adaptation 
to extrinsic factors [7].
Just like tooth morphology, the shape of the occlusal 
surfaces, and the spatial arrangement of the teeth 
differ considerably in many species, oversimplified 
traceable on the carnivores-herbivores differences. 
The teeth of carnivores (meat-eaters) are completely 
different from the teeth of herbivores (plant-eaters) 
[8]. Catching and retaining prey are tasks that requ-
ire considerable strength and robustness of the 
carnivores stomatognathic system. The teeth of 
carnivores chisel off large pieces, which are then 
swallowed entirely. The actual process of digestion 
is performed in the digestive tract. Herbivores have 
totally different demands on teeth and the chewing 
organ. Leaves and twigs can be grasped easily. 
Excessive mechanical processing is performed in the 
oral cavity. The tooth surfaces are moved against one 
another in a distinct direction – so plant fibres are 
mechanically comminuted. The direction of chewing 
movements is adapted to the structure of the tooth 
surfaces [4].
Unphysiological chewing movements may have 
serious effects on teeth, periodontium, and the 
neuromuscular system [9]. The relationship with 
craniomandibular dysfunctions (CMD) is also a 
subject of discussion [10]. A preferred chewing side 

and a reduced chewing ability is reported more 
often in patients with CMD symptoms [11]. The 
masticatory patterns of children with deciduous 
teeth are characterised by wide lateral movements 
to the working side on opening and a more inwardly 
directed path during the closing phase of the masti-
catory cycle. In adults, on the other hand, the opening 
movement are performed in the median-sagittal 
plane. The closing movement is characterised by 
a wide lateral movement to the working side. The 
closing paths of the molars on the working side 
move from a retrusive, inferior and lateral position 
forward, upward, and inward [12,13,14]. In children, 
occlusion is approached directly from an opened 
mandibular position in the median sagittal plane. 
The movements of molar cusps on working and non-
working sides follow different paths in children and 
adults [15].

1.3. Gender differences
Women’s and men’s dietary habits differ considerably 
[16]. If the dynamics of the masticatory process 
are considered and correlated with gender, males 
perform faster and wider chewing cycles. The dura-
tion of a single chewing cycle is extended in females 
[17]. Obviously, males develop higher masticatory 
forces than women. What is noteworthy, however, is 
that it is not possible to infer any direct correlation 
between the masticatory force and muscle activity 
[18]. Nevertheless, many other factors such as age, 
dental status, prosthetic status overlap gender-
specific differences in chewing [19]. In addition, 
health conditions, such as facial osteoporosis, 
may impair masticatory muscles patterns and 
performance [20].

 Figure 1a.  Overall chewing efficiency vs. occlusal quality.

 Figure 1c.  Left side chewing efficiency vs. occlusal quality of the left side.

 Figure 1b.  Right side chewing efficiency vs. occlusal quality of the right 
side.

Slavicek G.
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1.4. Chewing tests - requirements to be fulfilled 
A clinical test measuring chewing ability must 
consider extrinsic and intrinsic factors. Extrinsic para-
meters include food properties. Intrinsic parameters 
are among others age, gender, dental status. In 
addition, chewing tests units must be chosen that 
pose a similar challenge on the masticatory organ as 
natural foods.
1.4.1. Fragmentation methods as the golden 
standard
Significantly different methods to measure chewing 
ability are described in the specialized literature. 
Bearing in mind that mastication is intended to reduce 
food to as many equally sized particles as possible, 
methods that determine the degree of comminution 
are the methods of choice. SCTU is chewed within 
a defined time span and then spat out [5,27]. The 
number, area and distribution of the particles can be 
determined for analysis. An alternative method is to 
measure the time span required to achieve a certain 
degree of comminution. However, this requires 
several masticatory series of increasing duration to 
check when the degree of comminution is in line 
with the expectations [12,27,28]. The degree of 
comminution can be determined in various ways, 
among which the sieving method has become 
established as a valid model. Sieving methods are 
used to determine the distribution of the particle 
sizes of a granular material. This involves arranging 
several test sieves with decreasing mesh widths on 
top of one another. The quantity of the test material 
in each sieve can then be determined – for example 
by weighing the dried mass per sieve. In this way, 
conclusions can be drawn about the efficiency of the 
comminution process and hence the masticatory 
efficiency from the homogeneity of the particle 
size. This involves a consideration of the number of 
particles, the size of the particles and the ratio of 
the particle sizes in the food bolus. The methods 
for determining the masticatory ability based on 
the sieving technique principle are also referred to 
as fragmentation procedures [29]. Sieving methods 
are time consuming and not appropriate for routine 

clinical practice. Modern technologies such as opti-
cal scanning and/or imaging techniques can be 
used to overcome such burdens. The comparison 
of sieving with optical methods validates both 
methods and demonstrates comparable reliability 
and accuracy of information technology-based 
chewing fragmentation test procedures with sieving 
methods [30].

1.5. Factors influencing chewing efficiency
How well food is comminuted depends on many 
factors. Manifold parameters such as dental status, 
quality of chewing surface morphology, chewing 
forces, harmony of mandibular movements and 
co-ordination capacity of the neuromuscular 
system must be considered. These parameters 
are commonly subdivided into intrinsic (e.g. 
demographic attributes) and extrinsic (e.g. food 
properties) factors.
1.5.1. Intrinsic factors
Salivation and saliva quality affect the outcome 
of the masticatory sequence [31]. The degree of 
moisture of the food and in some cases additional 
fluid intake during mastication contribute to a 
change in the masticatory performance [32]. Age 
and gender are intrinsic modulators as well. All 
these factors affect mastication [33]. On the other 
hand, the effect of age may not be as pronounced as 
initially assumed. The number of masticatory cycles 

 Figure 2a.  Soft, medium and hard standard chewing test unit vs. overall 
occlusal quality.

 Figure 2b.  Soft, medium and hard standard chewing test unit vs. overall 
occlusal quality in females.

 Figure 2c.  Soft, medium and hard standard chewing test unit vs. overall 
occlusal quality in males.
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required to comminute a standardised food unit 
increases with age, but the capacity for individual 
adaptation to the properties of the food persists 
even in elderly subjects. The stomatognathic system 
remains relatively well preserved if people retain 
their dentition. This contrasts with other areas of the 
locomotor apparatus, which may be because the 
stomatognathic apparatus is used every day, even 
in people who already have difficulties walking [28].
1.5.2. Extrinsic factors
Like the parameters attributable to the individual, 
food has a considerable effect on the process of 
mastication. The masticatory force, the vertical and 
lateral excursions of the masticatory movements, 
the rate of individual masticatory cycles and the 
frequency of mastication are parameters affected 
by food properties. The rheological properties of 
food are controlled by mechanisms localised in 
the brainstem [2,21,22,24,34,35,36]. Varying food 
textures can be used to influence dietary habits, 
such as more rapid or slower mastication, but in 
this case, hardness is not the most critical factor. 
Food properties such as plasticity, elasticity, and 
size have a direct effect on the afferent input signal 
in the central nervous system. Instead, parameters 

such as elasticity, springiness, texture, chewability 
and cohesiveness cause changes in masticatory 
behaviour. By changing food texture, it is possible 
to alter masticatory behaviour. The timespan, until 
a food bolus is swallowed, can be varied by food 
properties. Slower eating, which can be induced 
by a change in texture, thus produces a reduction 
in energy intake without affecting post-meal 
satisfaction [35].
Consensus exists to define the task of the 
masticatory process as the oral fragmentation of 
food to form a semi-liquid bolus for swallowing, a 
SCT should reflect on this: SCTU to be comminuted 
into as much and as equally sized particles as 
possible within a predefined length of the chewing 
sequence. Chewing media that do not degrade, 
such as chewing gum, do not meet this fundamental 
requirement [18]. Additionally, understanding chew-
ing efficiency is not possible with one chewing 
sequence only (preferred chewing side problem). 
Intra-individual comparisons such as right vs. left vs. 
bilateral or soft vs. medium vs. hard based on several 
chewing sequences provides an in-depth review for 
clinicians and a better understanding for laypersons 
(patients and relatives).

 Figure 3a.  Rigt side chewing efficiency vs. Angle classification on the 
right side; female vs. male.

 Figure 3b.  Left side chewing efficiency vs. Angle classification on the left 
side; female vs. male.

197-207

 Table 1.  Overview of the perceived properties of food that have a significant influence on subjective perception and the so-called mouthfeel. The 
subjective taxation of food ingested in the mouth is by no means constant from the time it is placed in the mouth until it is swallowed, but can 
change considerably during a chewing sequence.
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1.6. Research question
The role of the quality of occlusion as an influencing 
factor of masticatory efficiency is controversially 
discussed in the dental community. The aim of this 
article is to contribute to a better understanding 
of whether occlusion significantly influences 
chewing efficiency or not and to highlight possible 
cofounders such as angle classification, age, gender, 
treatment needs and intraoral status. 
The null hypotheses tested are:
H01: The distribution of number of particles (or mean 
area of particles, respectively) is the same across 
categories occlusal quality.
H02: The distribution of number of particles (or mean 
area of particles, respectively) is the same across 
categories Angle classifications.
H03: The distribution of number of particles (or mean 
area of particles, respectively) is the same across age 
groups.
H04: The distribution of number of particles (or mean 

area of particles, respectively) is the same for females 
and males.
H05: The subjective assessment of treatment needs 
by the investigator correlates with the distribution 
of number of particles (or mean area of particles, 
respectively).
H06: The distribution of number of particles (or mean 
area of particles, respectively) is independent from 
the maxillary and mandibular status.

2. METHODOLOGY

The participants were instructed to try to break down 
the standardized chewing tests units (SCTU) into as 
many small pieces as possible. After 30 seconds the 
participants spited out the particles into a sieve. 
The particles were placed on a acquisition board 
with calibration elements. Standardised images are 
then taken and analysed using a validated software 
application. The surface areas of each of the particles 
are measured and displayed in mm2. The a priori 
determined Null Hypotheses were tested with the 
Kruskal-Wallis test followed by an applicable post hoc 
test with Bonferroni correction for repeated tests, to 
be rejected if p≤0,01. Data are collected as part of 
the BID-11400 study, multicentre and multinational 
clinical trial to evaluate masticatory functionality 
and quality of life. The study is approved by the 
Ethic Committee of University Cologne, Nr. 16-082, 
15. May 2017. This evaluation includes data form 
projects which were recorded within the BID-11400 
study, but solely by students as part of the Master 
of Science curriculum - Biomedical Interdisciplinary 
Dentistry at Steinbeis University Berlin. The data 
were collected between 2017-2019. A total of 851 
data sets were used for these analyses. 
Occlusal quality was judged by the investigator, 
using reference pictures, and determining occlusal 
quality for each quadrant (Tab. 2). The overall occ-
lusal quality and the quality of occlusion on the 
right and left side were consolidated for the analytic 
process.  Gender and year of birth were recorded for 
each participant. The age was calculated, and each 

 Figure 4.  Chewing efficiency 
and age (n=851).

 Table 2.  The categories to assess occlusal quality, using photo´s for 
classification: no to distinct occlusal structures. The evaluation was 
performed per quadrant.
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participant was assigned to one age group: 18-24y; 
25-34y; 35-44y; 45-54y; 55-64y; 65-74y; 75-84y. The 
treatment needs were assessed by the investigator. 
The assessment was made in the following categories: 
clear indication for treatment; average treatment 
indication; minor treatment indication; no treatment 
indication. The maxillary and mandibular status was 
captured, for this analysis, only 3 categories have 
been used: Prevalence of natural teeth with minimal 
presence of restorations; Prevalence of natural teeth 
with the presence of fillings and partial crowns; 
Fixed prosthesis with bridges and crowns including 
implants. The chosen procedure should reflect the 
real clinical situation.
The standardized chewing test (SCT) was performed 
as follows: The patient is instructed on how to carry 
out the required nine masticatory sequences, each 
lasting 30 seconds. SCTU are used with tree different 
types of hardness. The basic mass for the SCTU is a 
standard formula used and approved commercially 
for fruit gum. The difference in hardness is achieved 
by the amount of gelatin added. Three different 
colors are used – algae extract for the green/soft, 
carrot/pumpkin extract for the yellow/medium and 
elder for the red/hard. The SCTU are equally flavored 
with strawberry essence. The chosen shape of the 
SFM is slightly cylindrical, with a diameter of 2 cm 
and a height of 1 cm [5,37]. 
The instruction to the patient is: “Try to break down 
the test item into as many small pieces as you can". 
The patient should chew in a concentrated way 
and should not be or get distracted while chewing. 
After 30 seconds the patient spits out the particles 
into a sieve. The particles per chewing sequence 
are placed on a recording plate with calibration 
elements and spread out so that the particles are 
at least 1 mm apart. Standardised images are then 
taken and analysed using a software application. The 
surface areas of each of the particles are measured 
and displayed in mm2. From this information the 
following key data can be determined: number n, 
area, and ratio of the particle sizes.

3. RESULTS

A sample of n=842 participants (female n=460, 
54,6%; male n=382, 45,4%) performed a standardized 

chewing test (SCT). In addition, data on the 
participant´s occlusal quality, angle classification, 
age, gender, treatment needs and intraoral status 
were recorded. The age distribution was as follows: 
18-24y (n=124, 14,7%; 26-34y (n=160, 19%); 35-44y 
(n=126, 15%); 45-54y (n=110, 13,1%); 55-64y (n=84, 
10%); 65-74y (n=131, 15,6%); 75-84y (n=85, 10,1%), 
>85y (n=22, 2,5%). Age group >85y was excluded for 
this analysis due to the low percentage.

3.1. Quality of occlusion and Chewing efficiency
The H01 “The distribution of number of particles 
(or mean area of particles, respectively) is the same 
across categories occlusal quality” was tested with 
a Kruskal-Wallis test followed by a post hoc test 
with Bonferroni correction for repeated tests. The 
difference between the occlusal categories was 
significant (p<0,001). The post hoc analysis shows 
the marked difference between all four occlusal 
categories. This applies to overall chewing efficiency 
as well as for the right and left sides, where only 
the masticatory test results for that side were used 
for the analysis (Fig.1a,1b,1c). Considering occlusal 
quality, an almost linear reduction of the numbers of 
particles can be seen in especially in females, but not 
in males (Fig. 2a,2b,2c).

3.2. Influence of Angle’s classification on masticatory 
efficiency
The H02 “The distribution of number of particles 
(or mean area of particles, respectively) is the same 
across categories Angle classifications” was tested 
using a Kruskal-Wallis test followed by a post hoc test 

 Figure 5a.  Overall chewing efficiency vs. age; females vs. males.

 Figure 5c.  Overall chewing efficiency vs. age; males.

 Figure 5b.  Overall chewing efficiency vs. age; females.
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with Bonferroni correction for repeated tests. The 
differences between the Angle classifications were 
significant (p<0,001). The post hoc analysis showed 
that dental classes I, II/1 and II/2 do not differ. Angle’s 
class III differs significantly from the other dental 
classes. This applies to both the right and left sides, 
where only the masticatory test results for that side 
were used for the analysis (Fig. 3a,3b). However, the 
results should be interpreted cautious since class II 
malocclusions were underrepresented in the study 
sample. Hence it cannot be confirmed that Angle’s 
classification has a major impact on masticatory 
performance.

3.3. Influence of Age on masticatory efficiency
The H03 “The distribution of number of particles 
(or mean area of particles, respectively) is the same 
across age groups” was tested with a Kruskal-Wallis 
test (p<0.001) followed by a post hoc test with 
Bonferroni correction for repeated tests. The results 
are presented in Table 3. The influence of age quoted 
in the literature can be confirmed based on the 
results of this study. It can be inferred that intraoral 
factors, especially in the elderly, significantly exceed 
the influencing factors age on chewing efficiency 
and should be taken into consideration in treatment 
strategies of an elderly population.

3.4. Gender-specific differences
The H04 “The distribution of number of particles 
(or mean area of particles, respectively) is the same 
for females and males” was tested with a Mann-
Whitney-U test (p<0.001). A SCT test based on 
nine chewing sequences shows that men generate 
markedly more (male 129 vs. female 110) and smaller 
particles (male 107.25mm2 vs. female 125.68mm2) 
than women (Fig.6). The difference is significant 
(p=0.002 for the number of particles, p<0.001 for the 
particle area). This overall difference between males 
and females can also be seen for soft and hard SCTU 
(Fig.7). 

3.5. Assessment of treatment needs and chewing 
efficiency
The H05 “The subjective assessment of treatment 
needs by the investigator correlates with the 
distribution of number of particles (or mean area of 

particles, respectively)” was tested with a Kruskal-
Wallis test (p<0.001) followed by post hoc test with 
Bonferroni correction for repeated tests. The results 
are presented in Fig.8. The post hoc analysis showed 
that objective masticatory efficiency coincides with 
the assessment of treatment need for the extreme 
categories “no treatment indication” and “clear 
indication for treatment” only, while no significant 
difference (p=0.515) was found between the 
“average” and “minor” treatment indication groups. 

3.6. Maxillary and mandibular status and masticatory 
efficiency
The categories “Prevalence of natural teeth with 
minimal presence of restorations (upper jaw: n=475; 
lower jaw: n=494)”, “Prevalence of natural teeth 
with the presence of fillings and partial crowns 
(upper jaw n=90; lower jaw n=103)” and “Fixed 
prosthesis with bridges and crowns including 
implants (upper jaw n=178; lower jaw n=155)” are 
incorporated in this analysis. The analysis was done 
separately for the upper and lower jaws. The H06 
“The distribution of number of particles (or mean 
area of particles, respectively) is independent from 
the maxillary and mandibular status” was tested. 
The highest masticatory performance is achieved by 
natural teeth with minimal presence of restorations, 
followed by natural teeth with fillings and partial 
crowns. The results apply for upper (Fig.9a) and 
lower jaw (Fig.9b). Fixed prosthetic restorations such 
as crowns and bridges, including implant-supported 
fixed dentures, do not reach the results of natural 
occlusion. The Mann-Whitney-U test was used to test 
for significance. For maxillary status no significant 
difference was found between “Prevalence of natural 

 Figure 6.  Overall chewing efficiency vs. gender.  Figure 7.  Influence of soft and hard standard chewing test units on 
chewing efficiency, per gender.

 Figure 8.  Chewing efficiency vs. assessment of treatment needs by 
investigators.
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teeth with minimal presence of restorations” and 
“Prevalence of natural teeth with the presence of 
fillings and partial crowns”. A significant difference 
was found between “Prevalence of natural teeth 
with minimal presence of restorations” and “Fixed 
prosthesis with bridges and crowns including 
implants” (p<0.001). A significant difference was 
found between “Prevalence of natural teeth with 
the presence of fillings and partial crowns” and 
“Fixed prosthesis with bridges and crowns including 
implants” (p<0.039).

4. DISCUSSION

The chewing surface morphology is admirably 
adapted to the food of each species [1,4,8]. 
Individuals with compromised occlusion have an 
impaired chewing efficiency compared to those 
with satisfactory occlusion [2,10,37]. Categorizing 
occlusion into four groups-distinct occlusal struc-
tures; reduced occlusal structures; significantly 
reduces occlusal structures; no occlusal structures 
- and correlating these groups with the masticatory 
performance reveals the significant impact of 
occlusal morphology on masticatory efficiency 
(Fig.1a). These results support the influence of 
occlusion on the function of mastication and the 
chewing efficiency. A well-formed and distinctly 
shaped occlusal morphology significantly increases 
masticatory efficiency.
The angle’s classification is usually applied to 
describe occlusion. And, although critical and 
noncoherent, the Angle classification is often used to 
deduce functional conditions. In addition, the terms 
norm-occlusion and malocclusion are often used 
equated to functional or dysfunctional occlusion. 

Maxillary and mandibular teeth are best aligned with 
each other in a class I occlusion, assuming regular 
tooth shapes. What is known as a class II or class III 
malocclusion does not exist in primates – this would 
obviously be a distinct disadvantage in the search 
for food and consumption of food. Malocclusion 
seems to conflict with the evolutionary concept of 
survival of the fittest. In humans, malocclusion has 
ceased to be a selection criterion because hunting 
and cutting tools are available and fire allows to pre-
process meals.
The masticatory performance diminishes with age 
[19,28]. In particular, the length of the masticatory 
sequence required to produce the same particle 
size increases. Peyron et al. [28] quantified this 
increase of the required time for chewing with three 
masticatory cycles per ten years of life on average. 
Consequently, a 50% increase in numbers of chewing 
cycles needed to reach the same size of the particles 
between 25years and 75years [28]. These data can, 
to a certain extent, be transferred to the result of a 
chewing test based on fragmentation procedures. 
As the masticatory sequences are always the same 
length of 30 seconds, the number of chewed parti-
cles decreases with age. 
Coincidentally, the mean particle size of chewed 
particles increases with age. The results show a conti-
nuous decrease in number of particles produced 
by elderly (Fig. 4). The decrease in 10 years can be 
calculated with approximately 15%. Undoubtedly, 
the decrease in masticatory performance is no 
longer linear from the age of about 50 years. A possi-
ble explanation for this finding is a progressively 
intraoral alteration – including an increasing number 
of missing teeth, more and extended dentures and 
reduced structures of occlusal surfaces. The decline 

 Figure 9a.  Overall chewing efficiency vs.  current status of the upper jaw 
(natural occlusal and fixed prosthesis only).

 Figure 9b.  Overall chewing efficiency vs.  current status of the lower jaw 
(natural occlusal and fixed prosthesis only).

197-207

 Table 3.  Results of a one-way ANOVA on ranks (Kruskal-Wallis test) followed by a post hoc test with Bonferroni correction for repeated tests to test 
whether chewing efficiency is different in age groups. In elderly, the age-related decline of chewing performance seems to be altered by other 
influencing intrinsic factors. 
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in the masticatory performance with age follows a 
similar path for both genders (Fig. 5). Gender-specific 
differences are described in the literature [16,18,32]. 
Forces during chewing are higher in males than 
females. The masticatory movements of men are 
also executed with greater vertical and transverse 
amplitude [6,12,13,14]. The overall results confirm 
the difference in masticatory efficiency between 
men and women that is quoted in the literature. But, 
as the difference is similar for soft and hard SCTU, 
it cannot be inferred that males are much more 
effective in chewing the hard SCTU than females. 
This result only partly confirms the fundamental 
assumption that, because of higher physical force, 
males are better able to masticate than women.
The clinical occlusal appearance is often used as 
treatment indicator. The subjective assessment 
of treatment needs and an objective measure of 
masticatory performance should coincide. This 
required the researchers to make a subjective assess-
ment of treatment need without using further tests 
or other data. The assessment was made in the 
following categories: clear indication for treatment; 
average treatment indication; minor treatment 
indication; no treatment indication. The post hoc 
analysis showed that the objective masticatory 
efficiency coincides with the assessment of treatment 
need for the extreme categories “no treatment 
indication” and “clear indication for treatment” 
only, while no significant difference (p=0.515) was 
found between the “average” and “minor” treatment 
indication groups. Therefore, the purely subjective 
assessment of treatment need cannot be considered 
to be adequate in individual decision making.
The aim of oral rehabilitation is to maintain and 
restore all functions of the masticatory organ. A clear 
relationship between intraoral status and masti-
catory efficiency can be deduced by the scientific 
literature [2,10,11,19,25,27,32]. It is still unclear what  
prosthetic rehabilitation best restores the individual’s 
masticatory function. 
The masticatory performance is often debriefed only 
via questionnaires and self-reporting by patient. 
The question arises if prosthetic rehabilitation can 
reach the chewing efficiency of natural occlusion? 
In this particular analysis, only natural occlusion 
and fixed prosthodontics are included. Based on the 
analysed tests of the SCT, it can be concluded, that 
fixed prosthodontic rehabilitation are not capable to 
reach the functional efficiency of natural occlusion.

5. CONCLUSION

The better the masticatory performance, the more 
particles will be found in the lower size ranges. 
Conversely, it can be concluded that few and large 

particles denote insufficient masticatory perfor-
mance. The golden standard for testing chewing 
performance is the sieve technique. But, the clinical 
efforts in performing a chewing test based on 
the sieving method exceed the resources in daily 
practice. Therefore, contemporary IT-technologies 
including optical methods may be implemented 
in clinical routine, as such techniques have been 
demonstrated to be reliable and accurate to analyse 
chewing fragmentation test procedures comparably 
with sieving methods. Within the limitations of this 
study, it can be concluded:
•	The quality of occlusion has a significant impact of 

chewing efficiency. The masticatory performance 
depends on the natural and/or artificial chewing 
surface morphology.

•	Angle classification explains chewing efficiency 
only to some extent. A reasoning of an individual 
functional status just from Angle´s classification is 
critical.

•	Age is an important intrinsic factor which 
influences masticatory performance. But, at least 
in the age groups above 60 years, the intraoral 
status seems to overrule the influence of age. The 
maintenance of a sufficient functional oral status is 
a crucial task in care of the aging population.

•	Gender differences in chewing outcomes, as 
described in the literature, can be confirmed 
by the results of this study. It can be added that 
the quality of occlusion affects both genders in a 
similar way. Higher muscle forces in males are not 
able to compensate poor occlusal quality.

•	The assessment of treatment needs by the clinician 
based on a clinical inspection correlates with the 
masticatory performance in clear conditions only 
– either no treatment needs or clear indication for 
treatment. If the judgement of the treatment needs 
is unclear – minor or average treatment indications 
– the chewing efficiency is not correlated.

•	Fixed prosthodontics, including implant supp-
orted construction, do not reach the chewing 
performance of natural occlusion with minor 
restorations.
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The influence of occlusion on masticatory efficiency
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Questions 
1. Which of the following statement is incorrect?
qa. Chewing efficiency is related to angle classification only to a certain extent; 
qb. Chewing efficiency increases with age;
qc. Chewing efficiency with males and females is significantly different;
qd. Chewing efficiency is dependent on the prosthetic rehabilitation.

2. Which of the following parameters can influence chewing efficiency?
qa. Chewing surface morphology;
qb. Gender;
qc. Age;
qd. Answers 1-3 are correct.

3. A subjective assessment of treatment needs by the clinician? 
qa. Can be considered as a sufficient method to understand individual masticatory functions;
qb. Is able to distinguish even small differences in treatment needs; 
qc. Is not possible to distinguish even in extreme situations of treatments needs (not treatment indication 
vs. clear treatment indication);
qd. A subjective assessment should be proven by suitable tests. 

4. An adequate chewing function test for clinical use? 
qa. Is based on the principles of the sieving method;
qb. Considers the ability of the stomatognathic system to fragment food; 
qc. Contemporary IT-supported methods based on the evaluation of standardized photos are qualitatively 
equivalent to the sieving method;
qd. Answers 1-3 are correct.
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ABSTRACT

Background  The coronavirus disease (COVID-19), caused by the novel severe acute respiratory virus syndrome 
(SARS)-CoV-2, was defined as pandemic on March 11, 2020. All health care providers are at risk of a COVID-19 
infection; however, dentists pose the highest risk since SARS-CoV-2 is transmitted through breathing and 
aerosol, coughing and droplets and direct or indirect contact with infected skin and surfaces. Guidelines for 
minimizing the risk of transmission in general dental clinics have been published and are regularly updated. 
Objective  The present article aims to specifically address the concerns of the orthodontic profession amid the 
COVID-19 crisis, and suggest recommendations for orthodontic care settings, infection prevention measures 
and delivery of clinical procedures.
Data Sources An electronic search was conducted via PubMed/MEDLINE, Google and health organization 
websites from two independent data abstractors. 
Study Selection All kinds of manuscripts describing guidelines for health care providers to follow during the 
COVID-19 pandemic were included. No language restrictions were considered. Any disagreements on study 
inclusion were resolved by discussion between the two reviewers.
Data Extraction Information on guidelines and suggestions on the management of clinical orthodontic 
practice were extracted from studies identified for inclusion in the review. 
Data Synthesis Orthodontists are at a very high risk for COVID-19 infection and all published guidelines 
should be followed for the patient and DHCPs safety. The care settings, the infection protocols, and the 
delivery of AGP clinical procedures must be continuously revised and modified to overcome the threat of the 
SARS-CoV-2 infection in the orthodontic practice. 

COVID-19; Saliva; Aerosol; Orthodontists; Clinical Practice.

1. INTRODUCTION

The coronavirus disease 2019 (COVID-19) is a clinical 
syndrome caused by the novel Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2), a patho-
gen closely related to the Severe Acute Respiratory 
Syndrome Coronavirus (SARS-CoV) and Middle East 
Respiratory Syndrome Related Coronavirus (MERS-

CoV). SARS-CoV-2 mainly attacks the respiratory sys-
tem, due to its affinity to angiotensin-converting en-
zyme 2 (ACE2) cell receptor, highly expressed in the 
lungs and the heart [1]. COVID-19 appears to have a 
lower case-fatality rate (3.4%) as compared to SARS-
CoV (10%) and MERS-CoV (3.4%) [2], but is more trans- 
missible, therefore posing a major public health 
threat. Most people infected by COVID-19 present 
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mild, inconsequential respiratory symptoms. How-
ever, a minority of often aged individuals with other 
medical conditions, develop a severe disease, clearly 
distinct from the well-known acute respiratory dis-
tress syndrome. The disease is caused by a cytokine 
storm, a form of systemic unrestrained inflammatory 
response featured by the abundant release of pro-
inflammatory cytokines [3]. 
This leads to alveolar injury, increased vascular per-
meability and extravascular accumulation of edema 
fluid, culminating in respiratory and heart failure, 
thromboembolism and death [4]. COVID-19 was de-
clared as a pandemic by the World Health Organiza-
tion (WHO) on March 11, 2020. 
The current approaches to treatment include vaccine 
development and discovering new or re-proposed 
anti-viral and immunosuppressive medicines [5]. Un-
fortunately, pharmacologic treatments and vaccines 
are not yet available and it is likely that a high number 
of asymptomatic carriers [6] contribute to the spread 
of the virus. Currently, isolation and social distancing 
seem to be the most effective weapons against the 
virus and its widespread [7].
 In this gruesome scenario, health care providers are 
extremely vulnerable and among them, dentists are 
considered to be at the highest risk [8], although the 
exact risk is still unknown. SARS-CoV-2 is transmitted 
by droplets loaded with viral particles emitted from 
the respiratory tract of an infected individual. 
Dentists come in close contact with the oral cav-
ity and are exposed to aerosol from breathing and 
coughing. Furthermore, droplets land on surfaces 
and can spread infection in the dental office by direct 
or indirect contact [9]. 
Dental care procedures may also aerosolize viral 
particles from saliva during treatment in the same 
way as sneezing or coughing. Dental aerosol gen-
erating procedures (AGPs) are associated with the 
use of ultrasonic instruments, air/water syringe and 
handpieces [10]. They have been charged to be re-
sponsible for the virus transmission and infection for 
healthy patients, but at the same time, they also rep-
resent a high risk for the dental health care personnel 
(DHCP) [11]. 
AGPs can generate droplets having a diameter rang-
ing from 0.1 µm to 900 µm. Liu Y, et al classified the 
droplets in five groups, with the largest group rang-
ing from 0.25 µm to 1 µm [12]. The particles with this 
diameter can reach the alveoli. Droplets < 0.25 µm, 
loaded with pathogenic microorganisms, can travel 
up to 20 feet [13], so the 1-2-meter distance advised 
by WHO is not always enough to prevent cross infec-
tion between patients and DHCP. 
The minimal aerosol viral load necessary for infection 
is still unknown; However, in vitro experiments show 
that aerosol contains viable virus for up to 16 hours 
[14]. Infectiveness of aerosol finds the evidence when 
COVID-19 gave an outbreak in buses and conference 
rooms [15]. Treatment sessions on the dentist chair 
should be divided into two risk categories: with AGP 

and without AGP. Each of them must be faced with 
proper Personal Protective Equipment (PPE) [13]. The 
Centers for Disease Control and Prevention (CDC) 
recommended using N95 respirators and not surgical 
face masks, whenever AGPs are performed [7]. 
Moreover, if AGP are needed for patients who have 
or are suspected of having COVID-19, airborne pre-
cautions should be strictly followed in addition to ad-
equate PPE and a room with negative pressure, rela-
tive to the surrounding area, becomes mandatory 
[16]. Unfortunately, at this moment, there is still no 
reliable and efficient test to identify asymptomatic 
carriers, therefore everybody should be suspected to 
be infective. Caprioglio et al. published an interesting 
editorial article on the management of orthodontic 
emergencies during the initial quarantine period, of 
COVID-19 pandemics [17]. 
Recently, the American Dental Association (ADA) has 
published interim guidelines for minimizing the risk 
of COVID-19 transmission [18]. There are essential rec-
ommendations for all dental practitioners and clearly 
they should be followed by orthodontists. How-
ever, orthodontic treatment is different, since emer- 
gency service is seldom required [17], and many 
orthodontic procedures do not generate AGP. 
Moreover, many treatment protocols can be modi-
fied to decrease droplets production and thus mini-
mize the risk of cross contamination in the orthodon-
tic office. 
The aim of this article is to focus on the orthodontic 
profession and suggest specific recommendations 
for care settings, infection control and treatment de-
livery amid the COVID-19 crisis. The article was writ-
ten as an international cooperation between the Uni-
versity of Campania Luigi Vanvitelli, Naples, Italy, and 
the Hebrew University-Hadassah Faculty of Dental 
Medicine, Jerusalem, Israel.

2. ORTHODONTIC PRACTICE AND COVID-19

2.1. Before orthodontic treatment
• An orthodontic practice usually has a high patient 
turnover, including a mixture of children and adults. 
Scheduling of appointments should allow appropri-
ate “social distancing” in the waiting room. 
Adults should be instructed to come without com-
panions; however, children are usually accompanied 
by guardians. In this case, pretreatment triage for 
signs and symptoms of COVID-19 should be per-
formed for both children and guardians. 
DHCP will collect the medical history and check 
temperature to identify suspect patients until reli-
able chairside tests for SARS-CoV-2 are developed 
[19].  Since the virus has been found on shoes, a shoe 
wrapping machine can be installed at the entrance. 
Toys, books and other items which may carry the vi-
rus have to be removed from the waiting room.
• The recall orthodontic appointments are usually 
short. Due to the time needed for room cleaning and 
disinfection, working on a single chair is extremely 
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inefficient, whereas working on at least 2 chairs, al-
ternating working and disinfection, is preferred. The 
minimal distance between the chairs is 2 meters and 
a separation box is needed as a physical barrier to 
minimize aerosol spreading [20].
• Implementing tele dental applications can be par-
ticularly advantageous in this period. Records assess-
ment and proposed treatment plans can be shared 
virtually online with the patients and discussed us-
ing modern web-based communication tools [21]. All 
communication with patients through virtual tools 
should be documented in the patients’ file for medi-
colegal protection, as any physical appointment.  
• ADA recommended antibacterial mouth rinses 
(1.5% hydrogen peroxide) before treatment, to re-
duce the viral load, but there are no clinical studies to 
support it. Mouth rinses containing β-cyclodextrins 
combined with flavonoids agents have been pro-
posed for COVID-19 [22]. Children should rinse only 
under adult supervision. 

2.2. During the orthodontic treatment
The CDC divides patient-care items in 3 categories: 
critical, semi critical, and noncritical, depending on 
the potential risk for infection. Critical items have the 
greatest risk for transmitting infection and should al-
ways be sterilized using heat [23]. 
This classification takes in consideration the risk of 
bloodborne contamination. However, the transmis-
sion modes of SARS-CoV-2 are respiratory droplets 
and physical contact [10]. Under these circumstances, 
each item that has been in contact with the patient 
or maybe contaminated by aerosol, becomes critical.
2.2.1. Records collection 
• Extraoral radiographs, such as panoramic views, 
should be preferred whenever possible since in-
traoral radiographs may cause saliva secretion and 
coughing [19]. 
• Clinical photos should be taken wearing clean 
gloves, masks, and glasses, since cameras are difficult 
to clean and disinfect. Double gloving allows han-
dling the camera with the inner gloves, after discard-
ing the outer gloves. 
Anti-fog treatment of mirrors should be done with 
warm water and not with air. Assistants should han-
dle the plastic retractor and the mirror, thus four-
handed orthodontics is mandatory [24]. The plastic 
retractor and the mirror should be autoclaved after 
use. An antibacterial cloth can be used for cleaning 
the camera surface. 
• Dental impressions are potential sources of con-
tamination through the adhered blood or saliva. 
ADA [19], CDC [24] require impression disinfection 
to prevent contamination. Irreversible hydrocolloid 
impressions are effectively treated with 1:10 dilution 
of sodium hypochlorite for a ten-minute immersion 
[25]. Disposable impression trays should not be re-
processed since they are manufactured for a single 
use or for the use of one patient only, and not de-
signed or intended for reuse [26]. 

• Intraoral scanning should be preferred whenever 
possible, especially for study models. Scanning does 
not reduce chair-time, but is more comfortable for 
the patient, minimizing gag reflex and difficulties in 
breathing associated with conventional impressions 
[27]. Moreover, the intraoral tip of the scanner is au-
toclavable. 
2.2.2. Multibracket appliances 
• Bonding requires etching of the enamel. Air/water 
syringe is used to wash and dry the enamel after 
etching, as well as to spread the bonding resin into a 
thin layer before light curing. ADA is advocating the 
use of a rubber dam for AGPs, to help minimize aero-
sol or splatter, as the saliva is washed away from teeth 
and aspirated with high power suction, before drying 
with the air syringe [11]. 
The use of a rubber dam in orthodontics has been 
already proposed for bracket bonding in general an-
esthesia [28] and can be also adopted in the routine 
orthodontic practice. Conversely, a rubber dam can 
introduce errors in bracket positioning, which can 
be avoided by using indirect bonding techniques or 
drawing marks on the teeth. 
• Self-etching primer, which eliminates the need for 
air/water spray washing and drying, is an excellent 
alternative to the two-step conventional bonding 
techniques. 
The bond strength with self-etching primers is clini-
cally acceptable and bonding duration is also slightly 
reduced [29]. 
• Indirect bonding is an additional option which can 
significantly shorten chair-time, by up to 30 min for 
both arches [30] and reduce the DHCP exposure.
Thus, a combination of self-etching primer and indi-
rect bonding significantly decreases the risk of aero-
sol contamination during bonding procedures.
• Visible-light curing units are a potential source of 
transmission due to contamination of the light cu- 
ring tip, which directly contacts oral structures, and 
the handle, which becomes contaminated with 
blood and saliva from the DHCP gloves. 
Different infection control techniques, that meet the 
CDC-recommended standards, include sterilization 
of curing tips, disposable barriers, or single-use plas-
tic wrapping tip [31].
2.2.3. Removable appliances 
Managing removable appliances in the clinic creates 
a low risk for the transmission of SARS-CoV-2 [17]. 
Impressions for appliances should be delivered to 
the lab after proper disinfection [see above] and re-
turned from the lab after ultraviolet (UV) sterilization 
[32] in a plastic bag sealed with a label.
2.2.4. Other orthodontic procedures
Inserting, tying, and removing archwires and/or mini-
screws are not AGPs and may be performed with the 
conventional ADA interim precautions [18]. 
2.2.5. Aligners
Compared with fixed appliances, aligners offer the 
advantage of shorter chair-time and fewer overall 
appointments in the office, therefore decreasing the 
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risk for airborne transmission. Whenever possible, 
treatment progress can be assessed, and further in-
structions can be given through online virtual meet-
ings. Attachments can be bonded with the aid of 
self-etching primers similarly to bracket bonding [33] 
and refined manually. On the contrary, attachment 
removal, like bracket debonding, is riskless only if a 
rubber dam is utilized. 
2.2.6. Interproximal enamel reduction 
Instruments used to slenderize teeth usually include 
diamond disks or air rotor burs [34,35]. These meth-
ods inevitable create aerosol. 
Manual interproximal enamel reduction with hand-
operated abrasive strips is more time consuming and 
harder to use in posterior teeth, however it creates 
less aerosol and should be preferred in this period. 
Strip holders may aid in manual interproximal reduc-
tion [36].
2.2.7. Auxiliaries 
Elastomeric ligatures, coils or other auxiliaries can 
be cut in small pieces, inserted in pouches before 
treatment and delivered to the doctor by the dental 
assistant. However, in case they are mistakenly con-
taminated, the unused parts can be sterilized via cold 
sterilization. Disinfection of these materials in a 2% 
glutaraldehyde solution for 10 minutes has no effect 
on strength and distention [38]. 
2.2.8. Band application and removal
No particular restriction is advised for these proce-
dures, except for the use of air/water syringe. If used 
and tried on in the mouth, bands should be steri- 
lized in autoclave.When bands are removed, cement 
breaks away and there is no need to use a handpiece.

2.3. End of orthodontic treatment 
2.3.1. Bracket debonding 
Debonding and enamel cleanup is the orthodon-
tic procedure which produces the highest amount 
of aerosol and splatters [39]. Usually, brackets are 
debonded with special task pliers, but the adhesive 
remnants are removed with high speed or low speed 
burs, discs, or ultrasonic scalers [40]. Dental dam can 
prevent aerosol creation [10]. Remnants of bonding 
material can also be removed manually, using adhe-
sive removing pliers, although this method is more 
time consuming and less efficient, leaving more adhe- 
sive remnants on the teeth [41]. The use of ceramic 
brackets should be restrained for their frequent frac-
ture during debonding and the consequent need to 
use a turbine handpiece. 
2.3.2. Retainers
Previous articles reported the bonding of retainers 
with a rubber dam in order to prevent failures [42]. 
During the current period, the rubber dam is even 
more recommended. Self-etching primers and indi-
rect bonding [43] can further shorten chair-time and 
lower the risk of aerosol exposure, as explained above. 
Alternatively, clear retainers can be performed using 
intraoral scans and fixed retainer bonding postponed 
at this stage.

3. STERILIZATION OF ORTHODONTIC PLIERS

Orthodontic pliers touch patients’ mucosa/skin and 
therefore become critical items in the COVID-19 era, 
and must be sterilized by autoclave. Pliers should be 
maintained in sterile envelopes, opened just before 
their use. 
A larger supply of instruments is thus mandatory and 
if a plier is heat-sensitive, it should be replaced by a 
heat-tolerant item. On the other hand, heat steriliza-
tion leads to less corrosion than cold disinfection [37]. 

4. CONCLUSIONS 

Similarly to other dental professions, orthodontists 
are at a very-high-risk for COVID-19 infection, and 
all published guidelines should be followed for the 
patient’s and DHCP’s safety. In the past, DHCP protec-
tion measures mostly addressed bloodborne infec-
tions. Presently, protection from COVID-19, which is 
highly transmissible through aerosol, droplets, and 
contact, is the main global concern. 
In this period, the care settings, the infection proto-
cols, and the delivery of AGP clinical procedures must 
be revised and modified to overcome the threat of 
SARS-CoV-2 infection in the orthodontic practice.
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Orthodontic practice in the covid-19 crisis

209-215

Questions 
1. Dental aerosol generating procedures (AGPs) are associated with:
qa. The use of ultrasonic instruments;
qb. Air/water syringe; 
qc. Handpieces;
qd. All of them.

2.When was Covid-19 declared a pandemic by the World Health Organization (WHO)?
qa. On January 31th, 2020;  
qb. On February 11th, 2020;  
qc. On March 11th, 2020;  
qd. On April 12th, 2020.

3.Which dilution of sodium hypochlorite is effective for the disinfection of irreversible 
hydrocolloid impressions? 
qa. 1:10;   
qb. 2:10;   
qc. 3:10;   
qd. 4:10.

4. Which is the diameter of particles that can reach the alveoli? 
qa. From 0.1 µm to 1 µm;
qb. From 1 µm to 10 µm;
qc. From 10 µm to 100 µm;
qd. >100 µm.
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In dentistry, over time, various practitioners have 
introduced various tool kits bearing their name to 
have a more  ergonomic therapeutic act. Thus, in my 
own practice I have successfully used a series of tool 
kits, such as: the kit for preparing the contour of the 
prosthetic reconstructions of Prof. Mario Martignoni, 
TDA Kit Martignoni (North Bel International SRL, 
Italy), the kit for predictable and precise tooth 
preparation techniques for porcelain laminate 
veneers (PLV) by Dr. Galip Gürel (Komet, Germany), 
preparation set for modified chamfer according to 
Dr. Domenico Massironi (Komet, Germany), a kit of 
coordinated diamond instruments for conservative, 
controlled preparation of ceramic veneers, called 
“Keramik-Veneers.de” by Dr. Oliver Ahlers (Komet, 
Germany) or TPS2 Set for inlay, crown and bridge 
preparation according to Dr. Bernard Touati (Komet, 
Germany).
Lately I have been focusing on complex dento-
periodontal treatments. To streamline the 
therapeutic act of debridement of the inflammatory 
tissue, we have successfully used the method of 
mechanical debridement to eliminate elements that 
may inhibit healing or promote infection.
The mechanical debridement method can be 
practiced with good results using the degranulation 
kit designed by Dr. Efraim Kfir produced by Strauss & 
Co., Ra'Anana, Israel.
The kit comes with four specially designed 31mm 
long burs with heads of different sizes (1mm, 2.5mm, 
3.1mm, 3.5mm), a cleaning brush and a suction tube.
After tooth extraction the degranulation kit is used 
to biologically clean the empty socket from debris, 
inflamed soft tissues, remnants or roots of teeth and 
loose bone fragments, which all can impede the 
healing process.
The use of the degranulation kit is contraindicated 
in patients whose dental implantation is 
contraindicated.
The manufacturer makes a series of 
recommendations regarding the use of the 
degranulation kit:
• The kit is to be used only by qualified and trained 
professionals.
• It is recommended to read the instructions for use 
before using the kit.
• It is mandatory to sterilize the cutters and the 
suction tube before the initial use and between 
patients.
• It is not recommended to exceed the maximum 
speed indicated by the manufacturer.

• Check the complete insertion of the chuck and the 
correct fixing in the head of the handpiece before 
use.
• Instruments are handled with sterile gloves.
• Eye protection with goggles or Full Face Protective 
Shield Visor against discharged particles is 
recommended.
• The surgical mask must be worn to avoid inhalation 
of aerosols or generated dust.
Following the use of the degranulation kit, I myself 
and any practitioner have found the undeniable 
advantages it offers:
• Provides good results in oral implantology, 
periodontal surgery, endodontic surgery and root 
removal.
• Tear off all remnants of soft tissue firmly attached 
to the bone and remove them without affecting the 
walls of the alveolar bone.
• An optimal debridement of the inflammatory tissue 
is achieved, which cannot be done manually with 
the surgical spoon curette.
• Ensures a fast and efficient debridement procedure.
• Diamond cutters are more precise and do not catch 
the bone compared to tungsten cutters.
• The cutters are driven by the physio-dispenser 
working in a sterile environment.
• Adjustable working speed depending on the type 
of procedure performed.
• Single suction with multiple uses designed 
exclusively for direct viewing of the infected area to 
ensure optimal debridement.
• Ensures maximum safety when working near 
anatomical structures.

Degranulation kit by Strauss & Co: ensuring optimal mechanical 

debridement of the inflammatory tissue

Florin - Eugen Constantinescu
DMD, PhD Student

Editorial Director, Product  News

https://doi.org/10.25241/stomaeduj.2020.7(3).prodnews.1

 Degranulation Kit designed by Dr. Efraim Kfir
Strauss & Co., 19, Hayezira St. Industrial Zone, 
P.O.Box 2521 Ra'Anana, 4366363, Israel
email: info@strauss-co.com
https://strauss-co.com/
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The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions.

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.1

Advances in 
Esthetic Implant Dentistry

Author: Abdelsalam Elaskary
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-28667-7
Edition: 1/e 
Publish Year: 2019
Pages: 392, illustrated 
Price: € 141.30

Dr. Abdelsalam Elaskary, owner of the Elaksary & Associates Institute and Clinic for Dental Implants and Oral 
Reconstruction in Alexandria, Egypt and a visiting lecturer at the University of New York (NYU) presents his 
extensive experience in dental implantology in the book entitled Advances in Esthetic Implant Dentistry. 
The book has nine chapters and an index. 
Chapter 1 discusses the predictability of aesthetic implant therapy and how to fulfill patient expectations in 
this type of therapy. 
Chapter 2 evaluates the integration of smile-related facial components in the treatment plan in terms of smile 
reflection from the perspective of personal and social well-being. 
Chapter 3 discusses the physiology and stability of immediate implant placement. 
Chapter 4 describes the personal clinical protocol, a synthesis of old and current methods. 
Chapter 5 presents implant-related gingival recession as a clinical dilemma of practitioners detailing its etio- 
logy and describes a novel guide scoring template to measure the degree of treatment success and proposes 
a treatment protocol for each recession category. 
Chapter 6 addresses different surgical protocols regarding the aesthetic area meant to obtain free soft tissue 
in any regeneration procedure. 
Chapter 7 describes the dental CAD/CAM technology protocol for immediate implant placement loading con-
cept with a one-day teeth delivery. 
Chapter 8 defines the magnitude and means to optimize the restorative space in horizontal and vertical di-
mensions to obtain a rational unpredictability treatment. 
Chapter 9 talks about the long-term evaluation of regenerative techniques available in oral implantology. 
Each chapter is accompanied by photographs and radiographs as well as a website in which videos of the treat-
ed cases are presented. It is an indispensable guide for practitioners and students in periodontics, prostho- 
dontics, oral and maxillofacial surgery, and general dentistry in aesthetic rehabilitation by dental implants.

Marian-Vladimir 
Constantinescu 
DDS, MSc, PhD 
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO
Bucharest, Romania 
e-mail:  

dr.vladimir.constantinescu@gmail.com
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Dental Reception 
and Supervisory Management

Author: Glenys Bridges
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-51308-7
Edition: 2/e 
Publish Year: 2019
Pages: 784, illustrated 
Price: € 45.20

Dental Reception and Supervisory Management, 2nd edition, by Glenys Bridges, an experienced manage-
ment and administration trainer, covers the area of knowledge needed for receptionists and supervisory mana- 
gers to provide effective activity and a patient-friendly approach.
The book has 12 chapters which define the role and tasks of dental reception and supervisory management, 
and then establish their administrative role, informing the reader on marketing, financial aspects of patient 
consent, staff selection, quality management, the role of management and leadership, team meetings, safety 
and well-being, customer care strategy, treatment coordination and aspects of computer technology required 
for each member of the dental team. Dental Reception and Supervisory Management, 2nd edition is intended 
for dental receptionist practice, but is also a working tool for dental nurses, dental hygienists, and dentists.
The book is accompanied by a companion website, which facilitates learning the basics within the constant 
items that a dental receptionist must accumulate. 

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

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.3

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.2

Levison's Textbook for 
Dental Nurses

Author: Carole Hollins
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-40134-6
Edition: 12/e 
Publish Year: 2019
Pages: 784, illustrated 
Price: € 32.80

Dr. Carole Hollins, author of the 12th edition of Levison's Textbook for Dental Nurses is a General Dental  
Practitioner, member of the British Dental Association and has been a dental nurse trainer for the National  
Examining Board for Dental Nurses (NEBDN) qualifications for 23 years and Examiner for the City & Guilds 
Level 3 Diploma in Dental Nursing. 
The book is divided into 18 chapters, each chapter being accompanied by key learning points to help readers, 
and also an index.
The first chapters present the Structure of the Dental Profession, The Dental Nurse and Legal and Ethical  
Issues. After presenting the criteria for Health and Safety at Work Act (1974) and the role of the Dental Nurse, 
the Control of Substance Hazardous to Health (2002), and Health and Safety Regulation (1992) are described. 
We are then informed on the General Anatomy and Physiology, Medical Emergencies, Microbiology and  
Pathology, Infection Control and Cleanliness, Head and Neck Anatomy and Physiology, Oral Anatomy and 
Physiology. With the basic information provided, there follow presentations of Oral Disease, Oral Health  
Assessment and Diagnosis, Oral Health Promotion and Disease Prevention, Pain and Anxiety Control.
The involvement of dental care in the therapeutic, prosthetic and minor oral surgery acts is des- 
cribed in the last chapters. The book is an indispensable resource for the NEBDN Diploma in Dental  
Nursing, summing up recent developments in dental nursing practice and education, according to the latest 
General Dental Council standards, and also a great benefit to dental nurses  studying for the City & Guilds 
Diploma in Dental Nurses, Level 3.
The manual contains representative images in each chapter, and a website to test knowledge through inter-
active MCQs and EMQs. Although this book was intended to be a source of information for dentists in the UK, 
the book is recommended as a guide for any dentist anywhere.

Alexandra Popa  
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO, 
Bucharest, Romania 
e-mail: alesandra17popa@gmail.com 

Alexandra Popa  
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO, 
Bucharest, Romania 
e-mail: alesandra17popa@gmail.com 
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The Books Review is drafted in the reviewer’s sole wording and illustrates his opinions.

Oral and Maxillofacial Radiology: 
A Diagnostic Approach

Editor: David MacDonald
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-21870-8
Edition: 2/e 
Publish Year: 2019
Pages: 656, illustrated 
Price: € 171.00

David MacDonald, BDS, BSc, LLB, MSc (Lond.), DDS (Edin.), DDRRCR (UK), FDSRCPS, FRCDC, Professor and Chair 
of Oral and Maxillofacial Radiology at the University of British Columbia, Vancouver, Canada together with his 
9 contributors offers the reader a textbook to guide him in the imaging diagnosis of lesions affecting the face 
and jaws.
The book is divided in 5 parts and contains 20 chapters.
Part I, Introduction, has 3 chapters which present the basic notions on radiological diagnosis, physiological 
phenomena and radiological interpretation and evidence-based radiology.
Part II, Advanced imaging modalities, describes and illustrates in its 5 chapters computed tomography, cone-
beam computed tomography, magnetic resonance imaging, positron emission tomography, and basics of 
ultrasound.
Part III, Radiological pathology of the jaws, has 8 chapters which present and eloquently illustrate radiolucencies, 
radiopacities, maxillary sinus, lesions within the soft tissues, imaging of the salivary glands, oral and maxillo- 
facial vascular lesions, fractures of the face and jaws and temporomandibular joint diseases.
Part IV, Extragnathic lesions, describes extragnathic, benign and malignant lesions in its 3 chapters.
Part V, Osseointegrated implants, makes an extensive presentation on dental implants.
To clarify the text, each chapter is accompanied by numerous figures and the latest references in the field.
Oral and Maxillofacial Radiology: A Diagnostic Approach, 2nd Edition is an essential support for medical 
radiologists, oral and maxillofacial radiologists, functional imaging specialists, radiation oncologists, oral and 
maxillofacial surgeons, head and neck surgeons, general dentists and radiologists, and residents in these 
fields.

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.4

Florin-Eugen
Constantinescu 
DMD, PhD Student 
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO
Bucharest, Romania 
e-mail: 
dr.florin.constantinescu@gmail.com
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Dental Management 
of the Pregnant Patient

Editor: Christos A. Skouteris
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-28656-1
Edition: 1/e 
Publish Year: 2018
Pages: 192, illustrated 
Price: € 88.90

The physiological changes that occur during pregnancy must be known to the dental practitioner for him 
to know how to plan and treat pregnant patients. Dr. Christos A. Skouteris (University of Michigan School of 
Medicine in Ann Arbor, USA) and the 6 contributors, draft their first book, Dental Management of the 
Pregnant Patient, on how to approach such patients. The book is divided into 9 chapters, plus a series of  
appendices, a Self-Assessment Quiz and an Index. The presentation of the ethical issues in the treatment of 
the pregnant patient is followed by the physiologic changes and their implications in the dental management 
of pregnant patients: cardiovascular, respiratory, hematologic, gastrointestinal, genitourinary, endocrine,  
immunologic, dermatologic, musculoskeletal, psychologic and behavioral changes. There follows a presen-
tation of the general principles for the comprehensive treatment of pregnant patients, including prenatal 
counseling and prevention. A special place is occupied by the dental, oral, and maxillofacial diseases and 
conditions and their treatment. The book includes a description of each treatment of dental diseases, odonto-
genic oral and maxillofacial infections, benign diseases and conditions management of oral and maxillofacial 
malignancy and management of oral and maxillofacial trauma. The book tackles known postnatal conside- 
rations on medical contraindications, infant oral health and procedures and medications during breastfeed-
ing, Basic Life Support (BLS) and Advanced Cardiac Life Support (ACLS) in pregnancy and obstetric gynecolo- 
gic emergencies. The book provides information on emergency medical and gynecological issues in pregnant 
patients, and is an indispensable guide for any practitioner who is treating a pregnant woman.

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

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.5

http://www.stomaeduj.com 10.25241/stomaeduj.2020.7(3).bookreview.6

Basic Guide to 
Dental Sedation Nursing

Author: Nicola Rogers
Publisher: Wiley-Blackwell, Hoboken, NJ, USA
Language: English
ISBN: 978-1-119-52577-6
Edition: 2/e 
Publish Year: 2020
Pages: 200, illustrated 
Price: € 45.20

Nowadays, more and more patients request dental treatments under sedation. In the book entitled Basic 
Guide to Dental Sedation Nursing, 2nd Edition, Nicola Rogers, dental nurse tutor for pre and post-regis-
tration qualification training at Bristol Dental Hospital in Bristol, UK presents the basic information that any 
dental nurse needs to know in order to be able to help the treatments performed under dental sedation.  
The book is divided into seven chapters, accompanied by an index. It presents the most important aspects of 
sedation one by one,  such as the definition of conscious sedation, medico-legal aspects of dental sedation, 
the role of the dental nurse and equipment, patient selection, types of sedation, medical emergencies and 
finally essential anatomy regarding the blood, the heart, and the respiratory system. The book is accompanied 
by clear images and diagrams so that the reader could understand the information presented much faster 
and easier. It provides good support for any dental nurse who wants to participate in treatments performed 
under sedation and is also a very good manual for sedation nurses undertaking any of the current National  
Examining Board of Dental Nurses (NEBDN) sedation qualifications, including the NEBDN Diploma in Dental 
Nursing, City and Guilds or CACHE Dental Nursing qualifications, as well as for dental hygienists and therapists.

Alexandra Popa  
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO, 
Bucharest, Romania 
e-mail: alesandra17popa@gmail.com 

Iulia Ciolachi  
DMD
Holistic Dental & Medical Institute 
of Bucharest - ROPOSTURO
Bucharest, Romania 
e-mail: dr.iuliaciolachi@yahoo.ro
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The Stomatology Edu Journal (Stoma Edu J) is one of the first 
Green Open Access journals in the field of dental medicine, 
publishing well-established authors, but equally committed 
to encouraging early career researchers and professionals 
alike to publish their work after a non-partisan, objective, 
double-blind rigorous peer-reviewed process. Our aim is to 
publish in the shortest possible time frame and ensure the 
rapid dissemination of your work via our journal page, but also 
through our indexing partners (Dimensions, EBSCO, KUDOS, 
Google Scholar, Scilit) which reach the vast mass of dental 
researchers, professionals and practitioners across the world.
This journal fully adheres and complies to the policies and 
principles of the Committee on Publication Ethics (COPE). 

1. Submission Instructions
The Stomatology Edu Journal (Stoma Edu J) publishes articles 
written only in English. All articles will be accompanied 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 manuscripts must be original and 
exclusive. The Stomatology Edu Journal Editor will consider only 
articles that are original, have not been published elsewhere 
and have been submitted exclusively to the Stomatology Edu 
Journal. The manuscripts should be submitted online at www.
ManuscriptManager.net/stom. 

2. Ethics in publishing
The Stomatology Edu Journal (Stoma Edu J) and its 
editorial board fully adhere and comply to the policies 
and principles of Committee on Publication Ethics (COPE)  
(https://publicationethics.org/files/2008CodeofConduct.pdf ). 
Your manuscript should not contain any information that 
has already been published. If you include already published 
figures or images, please obtain the necessary permission 
from the copyright holder to publish under the CC-BY license. 
Plagiarism, data fabrication and image manipulation are not 
tolerated. Plagiarism is not acceptable in the Stomatology Edu 
Journal (Stoma Edu J) submissions. Plagiarism includes copying 
text, ideas, images, or data from another source, even from 
your own publications, without giving any credit to the original 
source. Reuse of text that is copied from another source must 
be between quotes and the original source must be cited. If a 
study's design or the manuscript's structure or language has 
been inspired by previous works, these works must be explicitly 
cited.
If plagiarism is detected during the peer review process, the 
manuscript may be rejected. If plagiarism is detected after 
publication, we may publish a correction or retract the paper. 
Image files must not be manipulated or adjusted in any way 
that could lead to misinterpretation of the information provided 
by the original image. To verify the originality of content 
submitted to our journals, we use iThenticate (www.ithenticate.
com) to check submissions against previous publications. 
All submitted manuscripts will be checked for any possible 
duplication or plagiarism with iThenticate (www.ithenticate.
com). Nevertheless, corresponding authors are responsible for 
any fraud, intentional or unintentional malpractice.

3. Articles sent for publishing
The Stomatology Edu Journal (Stoma Edu J) publishes: original 
articles; reviews; case reports; technical procedures; 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 5,000 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 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.

4. Permissions and Ethics
For citations, tables, figures etc. which are not original, these 
must be accompanied by the written permission for their 
use and the full reference must be 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 (2013). 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. Consent for publication is required for 
studies involving human subjects - ALL case reports, letters 
that describe cases and some original articles. Cohort studies 
are exempt; instead evidence of IRB approval (name of IRB, 
date of approval and approval code/reference number) must 
be provided.

5. Manuscript preparation
The article must be written in conformity with the general 
recommendations of the International Committee 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, Author 
Contributions, Acknowledgements and Curriculum Vitae. 
Blinded manuscript (no author details): The main body of the 
paper (including the references, figures, and tables) should not 
include 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.
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, Department, 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 position, his/her full title, his/
her affiliation, his/her 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. Abbreviations 
are not accepted in the title or the abstract.
The abstract for Original Scientific Articles should be no more 
than 250 words using the following structure: Introduction; 
Methodology; Results; Conclusion.
The abstract for Review Articles should be no more than 250 
words with the authors covering all the following information 
regarding the subject presented under the following 
subheadings: Background, 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.
The abstract for Clinical Articles should be no more than 250 
words using the following structure: Aim, Methodology, Results 
and Conclusions.
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D. The Article Text
Headings and Sub-headings
Except for special names (e.g. GABAergic), capitalize only 
the first letter of 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:
1. Introduction - a presentation of the most important aspects 
in the studied domain without doing a review of the literature. 
The purpose of this part is to present and backup the hypothesis 
on which the study was based.
2. 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.
3. 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.
4. Discussion - the authors will present the way the results 
backup the original hypothesis, as well as the way in which 
the results are backed up or contradicted by the published 
literature. A paragraph must be dedicated to presenting the 
limitations of the study.
5. 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. Author Contributions
The Author Contributions section is mandatory for all articles, 
including articles by sole authors. The Author Contributions 
statement must describe the contributions of individual 
authors and, in doing so, all authors agree to be accountable 
for the content of the work. Please list only 2 initials for each 
author, without periods, but separated by commas (e.g. AC, 
AS). In the case of two authors with the same initials, please 
use their middle initial to differentiate between them (e.g. AEC, 
ASC). 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.
F. 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.
G. References
- The references will be written using the Vancouver style 
(https://www.imperial.ac.uk/media/imperial-college/
administration-and-support-services/library/public/vancouver.
pdf). All references that are identified with DOI (Digital Object 
Identifier) must be mentioned.
- For each reference use active links to the full text (DOI link), 
free PMC article, PubMed, Google Scholar, and Scopus pages, 
were they exist:
- For all references identified with DOI the full-text link must be 
the CrossRef hyperlink
Examples
Articles with DOI
Singbartl G. Pre-operative autologous blood donation: clinical 
parameters and efficacy. Blood Transfus. 2011;9(1):10-18.  
[CrossRef] [Free PMC Article] [PubMed] Google Scholar Scopus
Articles without DOI
Mehta H, Shah S. Management of Buccal Gap and Resorption 
of Buccal Plate in Immediate Implant Placement: A Clinical Case 
Report. J Int Oral Health. 2015;7(Suppl 1):72–75. 
[Full text links] [PubMed] Google Scholar
- The references will be numbered, in the order they appear in 
the text, in square brackets, as such: [3], [5,7-9]. 
- All sources found in the text must be present in the bibliography 
and all the papers mentioned in the bibliography must appear in 
the text. 
- For references with more than 5 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; refer to the National Library 
of Medicine (NLM) Journals Database (http://www.ncbi.nlm.
nih.gov/nlmcatalog/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. 
- 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
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. Illustrations should preferably fill 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 actual image 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 collection 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 Système 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. Ownership Rights
By sending the article for publication the author(s):
- take full responsibility for the scientific content of the text and 
for 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 commercial interests/previous 
engagements/ any sort of relations with other people or 
companies;
- transfer all rights for the manuscript to the Editorial Council for 
the Stomatology Edu Journal.

9. Other
Previously mentioned limitations can be ignored in special cases 
with the agreement of the chief-editor and/or the publisher. All 
published materials cannot be returned.
Not taking into consideration the recommendations 
mentioned before can lead to delay in publishing the 
materials or may lead to not publishing the article.
The Stomatology Edu Journal (Stoma Edu J) also helps authors 
measure the impact of their research through specialist 
partnerships with Kudos and Altmetric.
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