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Technology of Lasers and Their Applications in
Oral Surgery: Literature Review
SUMMARY

Theodoros Tachmatzidis, Nikolaos Dabarakis

The word “Laser” is an acronym for “Light Amplification by
Stimulated Emission of Radiation”. Recent advances in laser technology
have brought a kind of revolution in dentistry. The purpose of this article is
to provide an overview of clinical application of lasers in oral medicine and
especially in oral surgery, including their advantages, disadvantages and
safety.

Keywords: Lasers, dental application; Oral Surgery
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Introduction
In ancient Greece, the exposure of the body to sun
the sun was used in heliotherapy for the restoration of
health. The Chinese used the sun to treat such conditions
as rickets, skin cancer and even psychosis. This use of
light for treatment of various pathologies is referred to as
phototherapy.
Based on Albert Einstein’s theory of spontaneous
and stimulated emission of radiation, Theodore Maiman
in 1960 introduced the first solid state ruby laser1. Shortly
thereafter, in 1961, Snitzer2 published the prototype for the
Nd:YAG laser. The first application of a laser to dental tissue
was reported by Goldman et al3 and Stern and Sognnaes4.
However, modern relationship of operative dentistry and
laser takes its origins from an article published in 1985 by
Myers and Myers5, describing in vivo removal of dental
caries using a modified ophthalmic Nd:YAG laser4.
The introduction of lasers in the field of oral surgery
has replaced a lot of routine surgical techniques and has
resulted in several sophisticated products designed to
improve quality of treatments.
Lasers are heat producing devices converting
electromagnetic energy into thermal energy. The
most significant and basic characteristic of them is
wavelength, which defines the position of the laser in
the electromagnetic spectrum. The wavelength used in
medicine and dentistry generally ranges from 193 to
10.600nm, representing a broad spectrum from ultraviolet
to the far infra-red range (Fig. 1).

Figure 1. Electromagnetic spectrum

The absorption of the laser beam’s energy plays
an important role and is illustrated by the absorption
spectrum for each laser wavelength in the targeted tissue.
Apart from wavelength and absorption, reflection and
transmission also play role in the interaction of laser with
tissue. Transmission is the degree to which the laser’s
energy is able to penetrate into the tissue (Fig. 2).

Figure 2. Laser/tissue interaction
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The aim of this article is to provide an overview of
main characteristics of lasers, their clinical application
in dentistry, especially oral surgery, pointing to their
advantages, disadvantages and safety.

Mechanism of Dental Laser Action
Light is a form of electromagnetic energy that
behaves like a particle and wave. Its basic unit is photon.
• Laser Light - Laser light used for dental
procedures has 4 features: (1) It is monochromatic
(laser light is of one specific colour, thus of a single
wavelength); (2) It is coherent (each wavelength is
identical in physical size and shapes); (3) It can be
collimated (photons can be collimated into an intensely
focused energy beam that interacts with the target tissues);
(4) It is efficient.
• Amplification (Fig. 3) - It is part of a process
that occurs inside the laser. The inner part of laser, or the
components of laser, are as follows: (A) Optical cavity
- which is the centre of the device. Core of the cavity
comprised of chemical elements, molecules or compounds
is called active medium. It can be a gas, a crystal or a
solid-state semiconductor; (B) Two mirrors - one at each
end of optical cavity, placed parallel to each other. One
mirror is reflective, which allows photons to be reflected
back and forth to allow further stimulated emission. The
other mirror is partially transmissive thus allowing light of
sufficient energy to exit the optical cavity; (C) Excitation
sources - either a flash lamp strobe device or an electrical
coil, which provides energy into active medium; (D)
Cooling system; (E) Focusing lenses; F) Other controls.
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the laser active medium is energized, the laser photonic
emission can occur inherently in a continuous wave
(CW) or free-running pulsed (FRP) emission mode. CW
means that energy is emitted constantly for as long as
the laser is activated. A “gated” or “super-pulsed” laser
is a variation of CW. The length of each pulse is called
“pulse width” or “pulse duration”. On the other hand, FRP
is a characteristic seen in lasers whose pulses have peak
powers in the 1000w range.
• Radiation - refers to the light waves produced
by laser as a specific form of electromagnetic energy6,7.
The very short wavelength below approximately 300nm
is called ionizing. Non ionizing radiations are those with
wavelengths larger than 300nm and they have lesser
frequency and less photon energy. They cause excitation
and heating of tissues with which they interact. All dental
lasers are non-ionizing.
• Tissue interaction (Fig. 4) - The action of lasers
on dental tissues and bacteria depends on the absorption
of laser by tissue chromophores (water, apatite minerals
and various pigmented substances) within the target
tissue. The principle action of laser energy on tissue is
photo-thermal8, and any mechanisms may be secondary
to this process or may be totally independent. In general,
lasers have four different interactions with the tissues.
These are the following:

Figure 4. Laser/Tissue Interactions

1. Photo-thermal interaction (Tab. 1) - This occurs
with high powered lasers. The radiant energy absorbed by
tissue substances are transformed into heat energy, which
produce the tissue effect9.
Figure 3. Laser Components

• Stimulated Emission - The smallest unit
of energy is absorbed by the electrons of an atom or
molecule (of the active medium), creating a short
excitation; then a quantum is released, a process called
spontaneous emission. The mirrors at each end of the
active medium return the photons back and forth to
permit the emission of the laser beam. Depending on how

Table 1. Target tissue effects in relation to temperature
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a. 37°C to 50°C - The tissue temperature is elevated
but is not destroyed (hyperthermia).
b. 60°C - The tissue whitens or blanches. Proteins
begin to denature without vaporization of the underlying
tissue. This phenomenon is useful in surgically removing
diseased granulomatous tissue, because if the tissue
temperature can be controlled, the biologically healthy
portion can remain intact.
c. 70°C - Produces desirable effect of haemostasis
by contraction of the walls of the vessel and is used for
coagulation.
d. 70°C to 80°C - The soft tissue edges can be
welded together with uniform heating.
e. 100°C to 150°C - When the target tissue
containing water is elevated to a temperature of 100°C,
vaporization of the water within it occurs, a process
called ablation. There is a physical change of the state; the
solid and liquid components turn into vapour in the form
of smoke or steam. As soft tissue is composed of a high
percentage of water, excision of the soft tissue commences
at this temperature. In hard tissues, ablation does not
occur at this temperature, but the water component is
vaporized and the resulting jet of steam expands and then
explodes the surrounding matter into small particles. This
mixture of steam and solid is suctioned away. This microexplosion is termed “spallation”.
f. >200°C - If the tissue temperature continues to
be raised to about 200°C, it is dehydrated and then burned
in the presence of air. Carbon, as the end product, absorbs
all wavelengths. Carbonization occurs with risk of soft
tissue damage. It can be because of high power setting or
slow movement of fibre tip across tissue surface.

2. Photo-chemical interaction - The basic
principle of photochemical process is that specific
wavelengths of laser light are absorbed by naturally
occurring chromophores, which are able to induce certain
biochemical reactions.
3. Photo-mechanical interaction - This includes
photo-disruption or photo-dissociation and photo-acoustic
interactions. In photo-acoustic effects, the pulse of laser
energy on the dental tissues can produce a shock wave.
When this shock wave explodes the tissue, it creates an
abraded crater.
4. Photo-electrical interaction– This includes
photo-plasmolysis, which describes how the tissue is
removed through formation of electrically charged ion9.
• Energy density (Fluency) - Energy density is
defined as energy (Joules) per square centimetre of spot
size (J/cm2). The laser beam spot size can be focused
or defocused. Depending on the degree of beam focus,
the laser beam spot size can be altered and fluency will
accordingly change.

Classification of Lasers

Lasers used in dental practice can be classified
into several categories according to: (1) the range of
wavelength, (2) the lasing medium, such as gas laser and
solid laser, (3) tissue penetration - soft tissue and hard
tissue lasers, (4) The risk related to laser application, and
(5) potential hazards.
Several types of laser are available based on the
wavelengths, which can be used in oral surgery. The most
commonly used nowadays are the following (Tab. 2):

Table 2. Types of lasers and their characteristics

• CO2 Laser (10,600nm wavelength, 5-15W) The carbon dioxide laser is a gas-active medium laser and
the light energy is placed at the end of the mid-infrared
invisible non-ionizing portion of the spectrum. This
is most commonly used in soft tissue periodontal and
oral surgery. The CO2 wavelength is 10.600nm and has

a very high empathy for water. It is delivered through a
hollow tube-like waveguide in continuous or gated pulsed
mode10. It has the highest absorption in hydroxyapatite
compared to other dental lasers (about 1000 times greater
than erbium), but can lead to thermal damage if there is
a contact with hard tissue11. It leaves a char layer on root
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surface. Some disadvantages are the high cost and the
large size. CO2 laser has a shallow depth of penetration
into tissue and it is used ideally for soft tissue incision and
ablation, sub-gingival curettage, superficial lesions and
removal of sialoliths.
• Erbium Laser - The erbium “family” laser has
two wavelengths:
• Er:YAG (yttrium aluminium garnet) laser (2.940nm) - it has an active medium of a solid crystal of
yttrium aluminium garnet that is doped with erbium12;
• (Er,Cr):YSGG (yttrium scandium gallium
garnet) laser - (2.780nm) - it has an active medium of a
solid crystal of yttrium scandium gallium garnet that is
doped with erbium and chromium. There is absence of
melting, charring and carbonization. The absorption in
water of this laser is two to three times lower than that of
Er:YAG laser and their thermal effects on the tissue are
much higher if not administered correctly.
The erbium wavelengths have a high empathy
for hydroxyapatite and the highest absorption of water
compared to other dental laser wavelengths. This is the
preferable laser for treatment of dental hard tissue, but
also, in contact mode with special surgical tips, it can be
used to cut soft tissues. The benefits of treating patients
with the erbium family of lasers include bactericidal
effects, which can sterilize the area, and analgesic effect
on the target tissues, similar to the Nd:YAG devices13.
Also many studies have shown that the erbium laser
energy applied to bone releases growth factors that
enhance regeneration of bone14. In maxillary alveolar
bone, the speed of laser is comparable with that of a bur
and slightly slower in the mandible, reflecting the greater
mineral density of cortical bone15,16.
The difference between CO2 and Er:YAG laser lies in
their differing absorption coefficients: Er:YAG lasers are
much more strongly absorbed in the water. On the other
hand, CO2 lasers show very high absorption on the tissue
surface.
• Argon Laser - (488nm, 514nm wavelength,
1-20W power) - it is a laser with an active medium of
argon gas that is energized by a high-current electrical
discharge. It is fibre optically delivered with fibre
diameter 300μm in continuous wave and gated pulsed
modes. The light energy is placed in the visible spectrum.
Argon lasers are readily absorbed by haemoglobin
and melanin; thus, they have excellent haemostatic
capabilities. These lasers are useful in the treatment of
pigmented lesions, vascular anomalies and soft tissue
incisions and ablations17. Neither wavelength is well
absorbed in dental hard tissues or in water.
• Nd:YAG (Neodymium yttrium aluminium
garnet laser) - (1064nm wavelength) - it has a solid
active medium, which is a garnet crystal combined with
rare earth elements yttrium and aluminium, doped with
neodymium ions. The Nd:YAG with a very long pulse
duration (between 90μs and 150μs) penetrates water up to
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6mm depth before it is attenuated to 10% of its original
strength. It belongs to invisible near-infrared portion of
the electromagnetic spectrum. Energy is scattered rather
than absorbed. The Nd:YAG laser is ideal for ablation of
haemorrhagic tissue. It provides a relatively conservative
procedure, which is related to rapid wound healing18. With
Nd:YAG laser procedures anaesthesia is required in less
than 50% of cases19.
The wide-spread belief that Nd:YAG lasers have the
highest penetration depths in the soft tissue is only partly
correct. A study conducted at the RWTH Aachen19 proved
that a free-running pulse Nd:YAG laser has a penetration
depth of approximately 0.1mm to 0.3mm, whereas a
continuous wave mode Nd:YAG laser has a penetration
depth of up to 6mm.
• Diode Laser - (range from about 800nm to
980nm wavelength, 1-10W power) - it is a solid active
medium laser that includes semi-conductor crystals using
some combination of aluminium or indium, arsenic and
gallium. Due to crystalline nature, the ends of the crystal
can be polished relative to internal refractive indices to
produce totally and partially reflective surfaces. The light
energy is placed at the starting of the near-infrared portion
of the invisible non-ionizing spectrum. Each machine
employs a flexible optic fibre (300μm diameter) to deliver
the treatment beam to the desired area.
These lasers are said to be running in either CW
or pulsed mode. Pulsing is achieved by electronically
switching the laser on and off. With this method, the
laser power in pulse is not increased, but is in the order of
several Watts. In comparison, free-running pulse Nd:YAG
laser systems, which can generate high peak powers,
individual pulse powers can reach several thousands of
Watts. Research has shown that diode laser is one of
the most versatile with regard to the number of possible
treatments options and can be effectively used in the field
of soft tissue surgery20. In oral surgery, these machines
can be used in numerous clinical procedures, such as
various types of soft tissue surgery, second stage implant
recovery, in peri-implantitis, sub-gingival curettage etc.
There are many indications and researches, which show
that diode laser can be used to perform these procedures
with added bonus of disinfecting the treated area. But the
most important benefits in comparison to all other types
of laser are the ease of operation, the sub-millimetre
dimension and their extreme compactness21,22,23.
Generally, surgical procedures in soft tissue require a
cautious approach. For instance, a 810nm diode and CO2
lasers are very well suited for frenectomies (operations
on the frenula of the lips, cheeks or tongue). Cautions
is required when using Nd:YAG and 980nm diode lasers
because the higher thermal effect of these wavelengths
(<100μs) can very often cause necrosis.
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Application of Lasers in Oral
Surgery
There are plenty of soft and hard tissue procedures
that can be performed with lasers in oral surgery.

●●
●●

Soft Tissue Clinical Applications

●●
●●

For many intraoral soft tissue surgical procedures,
the laser is a viable alternative to the scalpel. The most
popular and effective lasers nowadays for soft tissue
procedures are CO2, Nd:YAG and Diode lasers. There
are many categories of soft tissue procedures that can be
treated by lasers, such as gingivectomy and gingivoplasty,
frenectomy, de-epithelialization of reflected flaps,
depigmentation, measure blood flow-lesion ablation24,
second stage exposure of dental implants, sub-gingival
debridement curettage25, incisional and excisional
biopsies of both benign and malignant lesions, removal
of granulation tissue26, coagulation of free gingival graft
donor site, irradiation of apthous ulcers, removal of
diseased tissue around the implants27,28 etc.

Hard Tissue Clinical Applications

There are a number of surgical procedures in hard
tissues that can be done by lasers, such as the removal
of impacted teeth under bone, apicoectomies, osseous
re-contouring, implant and bone osteotomies29, bone
grafting, jaw continuity defects, removal of inflammatory
tissues around implants, crown lengthening, uncovering of
permanent teeth for orthodontic purposes etc.
The erbium (Er) family of lasers can be the lasers
of choice for the most of those procedures. Er lasers use
extremely short pulse durations and can easily ablate
layers of calcified tissue with minimal thermal effects.
To date, alternative laser systems, including super-pulsed
Nd:YAG, diode, CO2, Ho:YAG etc. have not been proven
so effective for use in hard tissue procedures.

Laser Advantages in Dentistry
The advantages of lasers in comparison to other
conventional dental equipment are reported by various
authors and include:
●● Increased coagulation30-35, yielding a dry surgical
field for better visualization. This mechanism occurs
when there is tissue absorption and controlled heat
build-up. The warming of soft tissue more than 60°C
will result in protein denaturation and coagulation36,
which are properties useful in haemostasis (Er lasers
are the exception to this general statement, since they
provide limited haemostasis)37-39;
●● Reduction in bacteraemia - Using lasers for surgical
techniques can lead to tissue temperatures effective
in reducing bacteria39. Studies have shown that

●●
●●
●●

combining photo-initiators with specific wavelengths
can enhance bactericidal properties40-45, and there are
fewer risks of post-operative infections;
Tissue surface sterilization;
Faster healing response. Laser energy can aid healing
through photo-bio-modulation;
Decreased swelling, oedema and scarring46,47;
Reduced pain and discomfort after surgery48.
Reports of pain relief mechanisms appear to
originate in stimulating oxidative phosphorylation in
mitochondria and through modulating inflammatory
responses49;
Minimally invasive surgical procedures, compared to
conventional techniques;
Increased patient acceptance50,51;
Reduced surgical time.

Precautions Before and During
Laser Surgery
Safety glasses are necessary for eye protection by all
operatory personnel including the patient;
1. Protection of patient’s throat and delicate oral
tissues from accidental beam impact;
2. Use of wet gauze packs or towels to avoid
reflection from shiny metal surfaces;
3. Adequate high speed evacuation should be used
to capture laser plume, which is biohazard;
4. Speed of movement of the laser beam over
the target tissue in order not to occur thermal damage
- exposure of bone to heating at levels equal to or more
than 47°C is reported to include cellular damage leading
to osseous resorption. Temperature levels of equal to or
more than 60°C result in tissue necrosis52. Additionally,
if soft tissue temperature increases above 200°C charring
and carbonization occur53.
5. The clinician’s awareness of safety control
measures and hazards and the recognition of existing
standards of care are significant points for dental
practitioners to avoid complications and failures54.

Conclusions
In conclusion, the application of laser, nowadays,
involves habitual use of different procedures and
dental devices. Laser technology seems to be a feasible
and effective adjunct to conventional dental surgical
techniques, showing many documented benefits and
advantages in the clinician’s daily practice. Lasers have
significantly contributed to dental care in the 21st century,
and are expected to become an essential component
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of contemporary dental practice in the near future.
The advance of technology and knowledge of various
applications in daily praxis will improve the use of laser
and our understanding of the great spectrum of benefits
regarding surgery and healing.
As Dr Theodore Maiman, the inventor of the first
laser stated: “The medical application of the laser is
fascinating for two reasons. It is optimistic mission on the
one hand while, on the other, it counteracts the original
impression of the laser being a death ray”.
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History of Dentistry in Central Serbia
SUMMARY

History of dentistry in the Central Serbian District of Jagodina has
been influenced by traditional medicine for centuries. Development of
dentistry in the region of Jagodina was slow, the level of oral and general
hygiene was low and the sanitary prevention was absent. Trained physicians
started to practice medicine and dentistry in the first half of the nineteenth
century and they were educated in abroad universities. However, common
people used to address to these physicians only when the traditional
medicine were unable to help. Until the end of the World War II, common,
mostly rural people, with the urgent dental treatment need were usually
referred to the barbers, healers or empirics in the nearby villages rather
than the dentists. Medications used for the urgent dental treatment were
balsams and solutions made of herbs. After the World War II, the dental
technicians who finished special courses started to practice dentistry. In
1947 the Regional Dental Office in Jagodina was opened and in 1955
the first Doctor of Dental Medicine who graduated from the School of
Dental Medicine of University of Belgrade was employed. Nowadays, the
Department of Dentistry represents is an important and independent part of
the Health Care Centre in Jagodina.
Keywords: Health Care Centre, Community Dental Service, History Of Dentistry, Dental
Care, Development

“... A manuscript keeps all those names of our
significant predecessors and contemporaries, as well as
all those who have chosen dentistry and medicine to be
their life’s calling from oblivion...”1

Introduction
The evolution of dental practice in Serbia has been
very slow for centuries2. For long period of time, dentistry
was not recognized as an independent profession, yet it
was the unorganized part of the medicine3. Nevertheless,
dental disorders have not been correlated to general
health, so this specialty was considered to be an inferior
part of medicine4.
However, favorable geographical location in central
Serbia and climate in Jagodina enabled agricultural
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and economic development in the early decades of
the nineteenth century. Therefore, the city of Jagodina
developed into the administrative centre and strategically
important city of central Serbia. Along with the economic
progress of the region, the oral health education and health
care culture also developed.
The aim of this paper was to encompass all data
regarding beginning and development of oral health care
and dentistry in the district of Jagodina in central Serbia.

Materials and Method
This study represents a descriptive research of
dentistry development in Jagodina district. The observed
period of time was from the medieval period until
nowadays. The methods of documentation analysis
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and desk research of secondary information were used.
Furthermore, historical data were gathered through the
interviews with the family members and analyzed.

Status of Dental Practice in the 19th
Century
Both oral and general healthcare cultures in Serbia
were undeveloped until the end of the 19th century. The
lack of sanitary precautions and low level of oral and
general hygiene in population enabled outbreaks of
various diseases with high morbidity and high mortality
both in adult and pediatric population. A specific,
uniform diet (pork, beef and lamb, dry bacon, cheese and
nothing but dry fish during fasting) and excessive alcohol
consumption had a significant effect both on the general
and oral health5.
Formal healthcare services did not exist in central
Serbia until the 18th century. For a long period of time, the
only practitioners of medical knowledge were monks and
priests through the monastery records and books6. People
who practiced etnomedicine and etnopharmacy provided
most of the medical treatment until the late 19th century.
They used many archaic magical elements such as healing
incantations, the use of herbs and ritual actions7. Dental
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procedures such as repairing fractures, dislocations of
jaws and tooth extraction were mainly carried out by selftaught doctors, so-called, barbers (medicus plagarum or
chirurgus) in barbershops called botego or statio. They also
used to perform medical interventions, autopsies and minor
surgical procedures8-10. Toothache was treated by mouth
rinsing with the brandy or by using compresses soaked with
a warm salted brandy. Furthermore, application of incense
in the tooth cavity was also usually recommended in case
of toothache. Unfortunately, most of oral health services
involved teeth extractions. After extraction of the tooth,
the patient was advised to rinse with brandy in order to
decontaminate the wound11.
The beginning of the organized medicine and
growing health care culture enabled the slow penetration
of dental health care. Development of dentistry was
strongly correlated to the development of this discipline
in the Austro-Hungarian monarchy2. The first trained
physicians in Serbia who completed their medical training
abroad started to practice medicine in the second decade
of 19th century in Jagodina12, 13. Unfortunately, local
physicians struggled with superstitions, prejudice and
distrust of the community. As quackery was widespread
among the community, empirics or charlatans were a
common part of rural life. Although traditional methods
of treatment were often ineffective, common folk asked
empirics for help rather than asking physicians (Table 1).

Table 1. Treatment of oral diseases with prescriptions which were used from ancient times to nowadays(15)
Toothache

application of the medicament in the cavity of the tooth: incense, pine wax, bread soaked in vinegar
inhalation of the tobacco steam keeping the brandy in the mouth

Mucosal impairments

rinse with water from oak stump
chewing the bark of Yule tree

Pain and oral injuries

cooked salve of sage or lemon balm or yarrow, (one tablespoon) to hold in the mouth flower of calendula,
cooked in lard for 3h until boiling, then cooled and placed on the sore or injured area

Swelling

linen cloths soaked with the balm made of of rosemary and basil should be cooked in the water and then
cooledand held as a cold compress

The beginning of preventive trends toward tooth
preservation and elimination of dental infections started
in 1862. when the Serbian Military established so called
“dental standards” which involved guidelines for choosing
the soldiers for military service. According to these
guidelines, permanent military incompetence involved
loss of all incisors, canines and the first molars, even if it
was only on the one side of the jaw14.
However, in order to enable building dentistry at
the level of a profession, proper dental education was
necessary. Dr. Aćim Medović was the first physician
who had been giving lectures for surgeons-barbers in the
Great School in Belgrade during the 1867. After finishing
his course of lectures and passing the final exam, barbers
received the working license. Later, Dr. Aćim Medović
became the first president of the Serbian Medical

Society. His publication “Minor surgical interventions
and immediate treatment after body injuries” was
printed in 1869, and also included description of dental
interventions, especially teeth extraction8.
The Serbian Government issued temporary or
permanent working licenses to foreign dentists due to
insufficient local educated staff.

Status of Dental Practice in the 20th
Century
At the beginning of the 20th century more dental
offices started opening, especially in Belgrade. The
first working license was issued for Dr. Vidmej from
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Switzerland in 1902 2. The first female dentist in Serbia
was Dostana Moskovljević, the daughter of respectable
lawyer in Jagodina. During the August of 1932 in
Belgrade she became a founding member of the Action
Society for health care of the teeth, mouth and throat
and oral hygiene propagation. Accordingly to the main
mission of Action Society – promotion of oral hygiene
in the community, its tasks involved issuing the dental
magazine, organization of public lectures and educational
movie projections at the schools. The first dental offices in
the primary schools were opened owing to the efforts of
the members of this organization.
However, the predominantly rural population in the
central Serbian region, usually addressed empirics for
dental assistance, rather than dentists. These empirics
were mainly local peasants from neighboring villages. In
addition to their usual every day chores on farms they used
to perform dental interventions. These practitioners were
usually trained and educated by older family members, so
all the necessary dental knowledge was verbally transmitted
across generations without any writing system15. The most
famous dental practitioners from the beginning of the 20th
century were Živorad Milosavljević so called Žica Brica
(Žica the Barber) from the village Duboka near Jagodina,
Brana Petrović from the village Dragovo, Milan Milošević,
blacksmith from the village Belic and Miloš Ignjatović
from the Koča’s village.
Živorad Milosavljević, so called, Žica the Barber
(13.04.1923 - 23.04.2012) was born in the village
Duboka. He was trained by his uncles, Milutin and
Svetislav Milanovic, who were also barbers. He had been
practiced dentistry until the 1980, and during that period
of time he extracted over 400 teeth. According to his
successors, none of the patients had any complaints after
the extraction (Figure 1.)15.
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several private dental offices. Their owners were dentists
and dental physicians: Dr. Milan Putrić (Figure 2), Dr.
Louis Friedlander and Dr. Milan Pantelić16.

Figure 2. Private dental office of dentist Milan Putrič (1940.)*
*The Museum of Jagodina, with the kindness of custos Mr. Duška Grbovića.

The first Regional Dental Office was established
in the city of Svetozarevo (Svetozarevo was the name
for Jagodina during the period from 1946 to1992) in the
March of 1947 17.
The Dentist Trustee Society for the central Serbian
region was founded in 1949. The first licensed dentist,
a member of this society who practiced dentistry in
Jagodina was Branko Ćurković (1905 - 1988). He was
born in Bosnia and he finished high school and school for
dental technicians in Sarajevo. He has been an apprentice
in the dental office of dentist Kujundžić in Sarajevo for
15 years. After the dental exam, he worked as a dentist
with his mentor and independently from 1938. He came in
Jagodina in 1944. He has been working in his own private
dental office since 1946. Furthermore, he was the first
employee in the Regional Dental Office after its opening
in 1947 and his area of expertise were prothodontics and
conservative rehabilitation. Alongside, he was working in
his private practice until 1959 (Figure 3.)15.

Figure 1. The tools of Žica the Barber*
*with the kindness of Mr. Manojlo Milosavljević, the son of Živorad
Milosavljević.

Nevertheless, besides numerous empirics who
practiced dentistry in the villages near the city before the
Second World War, in the downtown of Jagodina existed

Figure 3. Branko Ćurković with the patient (1958.)*
*with the kindness of Mrs. Branka Ćurković, the daughter of Branko
Ćurković.
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Mika Vasiljević, Sima Jevremović (Figure 4.),
Ksenija and Jovan Drča were also one of the first
employees in the Regional Dental Office in Jagodina. In
fact, they graduated from the Secondary School for Dental
Technicians, but after the Second World War they finished
additional course for dentist which lasted six months.

Fugure 4. Sima Jevremović (1962.)*
*with the kindness of Mr. Zoran Jevremović, the son of Sima Jevremović.

During the early fifties dental health care in Jagodina
was provided by four dentists, two dental technician
and one dental nurse. The Health Care Center in central
Serbia had dispensaries in Jagodina, Bresje and Bagrdan,
dental, pediatric and counseling dispensary. According
to statistical data from 1954, total of 362000 decayed
teeth were filled, 655000 extracted and 595000 teeth had
prosthetic restoration. Of these, 46837 dental interventions
(3%) were provided in health care dispensaries in central
Serbia18, 19.
Dental dispensary in Jagodina often provided dental
interventions in the field. Five dentists and five dental
nurses visited mines in Senje in 1954. During that visit
1850 children were examined, 1150 teeth were extracted
in pediatric patients, 208 teeth were extracted in adult
patients and dental health care providers distributed 60
toothpastes and 60 tooth brushes to the community20.
Since 1955 pediatric dental dispensary in Jagodina
has employed two dentists: Bojana Grizinov and Živko
Paunović. Dr. Paunović was the first Doctor of Dental
Medicine (DMD) in Jagodina who graduated from the
School of Dental Medicine, University of Belgrade.
According to the records, this dental dispensary was
effective – total of 3515 children aged 6-18 years were
examined during the 1956. Of these, only 17% had
completely healthy teeth. Eighty tree percent of the
patients had caries lesions, 18% periodontal tissues
disease, 23% orthodontic abnormalities and only 8% of all
examined patients had dental restorations21.
Adult dental dispensary in Jagodina was opened in
1959. The first employee was Dr. Milan Radosavljević,

who became the first dentist with the specialty in oral
surgery in 1973. When the Government of Yugoslavia
prohibited private practice in dentistry, total of 31 DMDs
and 15 dentists provided dental health care in District of
Svetozarevo in Health Care Centre22.
Adult dental dispensary in Jagodina has been located
within Health Care Centre until 1959. However, in 1959,
the Department of Dentistry became independent and
moved in its own compartment located in Captain Koča
Street23, 24. On the July 1st, 1962 its staff consisted of 3
DMDs, 4 dentists, 8 dental technicians, 7 dental nurses
and 3 administrative assistants, and became the part of
Regional Medical Centre. In the 1971 Department of
Dentistry moved in the new building. During the next 15
years the quality of provided dental and oral health care
gradually raised as the new DMDs and specialists became
members of the dental team. Department of Dentistry
employed the first specialists in Oral periodontology
during 1962: Dušan Brkić and Životije Lazić. Jelena
Stojanović and Dragan Stojanović were also specialists
in Oral Periodontology, and they were employed during
1965. The first pediatric dentist was Milena Trujić Ilić
(1965). Although, Jovan Drča was one of the first dentists
in Jagodina, he enrolled in part time School of Dental
Medicine in Belgrade and graduated in 1966. Later, he
became one of the first prosthodontists in Jagodina’s
Department of Dentistry.
From 1967 dental team included Milanka Krstić,
Miloš Milosavljević, Miodrag Đorđević and Ljiljana
Đorđević (she was the first specialist in Orthodontics).
Branislav Ćulafić became the important member of dental
team in 1971, and during 1972. few more members were
added – Dušica Milentijević Jeremić (the first specialist
in General Dentistry), Ljiljana Staletović and Milosav
Jovanović.
The Department of Pediatric, Preventive Dentistry
and Orthopedics was important part of the School
Dispensary in Jagodina. However, it was merged with the
Department for Adult Dentistry in 2008. Currently, the
Department of Dentistry is a part of the Health Centre in
Jagodina and it employs total of 47 operators: 18 DMDs,
20 dental nurses, eight technicians and one administrative
assistant. There are also 12 private dental offices
registered in the municipality of Jagodina.

Conclusions
The District of Jagodina was always important
administrative and cultural part of Central Serbia.
Although the development of dentistry was slow during
the last centuries, during this long journey, it evolved
from charlatan practice to modern oral health care service.
Nowadays, dental health is considered as an important
part of general health and health culture in all the Balkan
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counties. The quality of dental health care became an
important criterion for the measurement of the quality of
life, cultural sensitivity and health care awareness.
Acknowledgments: This study was supported by the
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The Use of Cone-Beam Computed Tomography in
Furcation Defects Diagnosis
SUMMARY

Background: The use of cone-beam computed tomography (CBCT), as
an additional diagnostic tool in daily dental practice, has expanded rapidly
in recent years. Since CBCT allows assessment of dento-maxillofacial
structures in three-dimensional manner, its use may be very tempting in
alveolar bone furcation defects (FDs) diagnosis.
Aim: The aim of this study was to determine the impact of clinical
experience and experience with CBCT on FD detection in patients with
periodontitis.
Material and Methods: Fifteen patients with chronic generalized
severe periodontitis were included in the study. In total, 168 furcation
sites were analyzed on CBCT images by a previously trained senior year
undergraduate student (O1) and a PhD student with three years of CBCT
experience (O2), and compared to clinical findings (probing). CBCT images
were analyzed on two separate occasions, within a 7-day interval. FDs were
assessed both clinically and on CBCT images, using a dichotomous scale
(present/absent). Intraobserver agreement for each observer was calculated
by using Kappa coefficient (k). Interobserver agreement and agreement
between CBCT and clinical findings for both observers were calculated.
Results: Kappa coefficient value for both observers indicated a high
intraobserver agreement (k1=0.75; k2=0.94). Interobserver agreement of
CBCT image analyses was present in 72.6% (73.0% in maxilla, 71.7% in
mandible). Agreement between CBCT image analyses and clinical findings
for O1 was 48.8% and 51.2% for O2.
Conclusion: It can be assumed that clinical experience and CBCT
proficiency do not have an impact on FD detection on CBCT images, if an
appropriate training was previously performed.

Keywords: CBCT, Furcation defect, Furcation involvement, Periodontitis

Introduction
Periodontitis is a chronic inflammatory disease of
the tooth’s supporting tissues. The continuous process of
alveolar bone loss leads to the formation of bone defects
around the teeth and in the interradicular region1. The
progression and expansion of periodontal disease into
the bi- or trifurcation region of multirooted teeth is called
furcation involvement (FI).
FI may be detected during the clinical assessment,
while the destruction of periodontal tissue in the region
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between the roots can be detected as a furcation defect
(FD) on radiographs2. Clinical assessment is performed
by probing using a Nabers probe, which isn’t always
easy and accurate due to limited physical access to
furcation region, morphological variations and errors in
measurement3. Radiographic diagnosis relies on twodimensional (2D) and three-dimensional (3D) imaging
modalities. The main limitation and major drawback of
currently used conventional intraoral imaging methods for
FD is the representation of a 3D structure in a 2D image,
which leads to anatomical structures overlap4. Precise
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assessment of FI is of great importance due to its impact
on prognosis, treatment plan and outcome.4 With this
in mind, the emphasis should be on exploring additional
diagnostic methods and modalities for FD assessment.
3D diagnostic methods, such as cone-beam computed
tomography (CBCT), have been introduced recently
in periodontology5, 6. CBCT is a radiographic tool that
ensures satisfying imaging quality while exposing
patients to reduced radiation doses, when compared to
conventional CT machines7. Several in vitro studies
have confirmed the diagnostic accuracy of CBCT in the
detection and the quantification of periodontal defects5, 6,
8, 9. Likewise, CBCT seems to be a promising diagnostic
method in FD assessment, especially in maxillary
molars10.
Previous in vitro and in vivo studies showed that
CBCT method may provide additional information about
the shape and extant of the furcation lesion, and that it also
made a better basis for choosing an adequate treatment
plan, when compared to traditional assessment of FI
(clinical assessment and periapical radiographs (PA))3,
11, 12. In the previously mentioned studies a multiobserver
approach was chosen to explore the possibilities and
accuracy of the CBCT method in periodontology by
engaging researchers with different levels of clinical
experience and experience with CBCT3, 11, 12. However,
these studies provide scarce evidence concerning the effect
of observers’ experience on FD detection.
Therefore, the aim of this study was to determine the
impact of clinical experience and experience with CBCT
on FD detection in patients with periodontitis.

Material and methods
The study group was comprised of fifteen patients
(11 women, 4 men, average age 44.5 years) with chronic
generalized severe periodontitis13. Selection was based
on the following criteria: at least two intrabony defects
with probing depth ≥6mm in both jaws indicated for
surgery, no systemic disease, no pregnancy and lactation.
Included patients were selected from the pool of patients
at the Department of Periodontology, School of Dental
Medicine, University of Belgrade. The study was
approved by the Ethics Research Committee of the School
of Dental Medicine, University of Belgrade, Serbia (ethics
approval № 36/2).  All study participants were informed
of the examination purpose and signed an informed
consent.

Clinical assessment of FI

Patients received hygiene instruction, scaling and
root planning with ultrasonic device and hand instruments.
Six weeks after initial periodontal therapy, when decision
making related to the need for periodontal surgery was
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made, 30 upper molars at three furcation sites (buccal,
mesiopalatal and distopalatal) and 36 lower molars at
two furcation sites (buccal and oral) were analyzed
using curved Nabers probe (PQ2N; PH-Friedy Europe,
Rotterdam, Netherlands)13-15. A total of 168 furcation sites
were analyzed by two independent, previously calibrated,
experienced periodontists (k=0.697). The existence of
FI was established when periodontal pocket detected by
inserting the probe horizontally into the furcation. The
clinical findings were recorded by using dichotomous
scale: present/absent.

CBCT assessment of FD

CBCT scanning was performed using imaging
system SCANORA 3Dx (Soredex, Tussula, Finland)
and scanning parameters from the Table 1. CBCT image
analysis was performed using recommended software
(OnDemand3D, Cybermed, Korea) and 17ʺ monitor
(VA2232WA-LED, ViewSonic) with 1.280х1.024
resolution in a darkened room. Two observers with
different working experience in the clinical and CBCT
assessment were analyzed furcation regions of the upper
and lower molars on CBCT images. The first observer
was senior year undergraduate student (O1), whilst the
second was a PhD student with a three-year experience
in working with CBCT (O2). Both observers were
briefly trained, and the protocol for the analysis of CBCT
images was presented in detail to each of them before
the radiographic evaluation. The existence of FD was
recorded when the radiolucency observed between the
roots of teeth. Each of the observers analyzed the CBCT
images on two occasions, separately, with an interval of
seven days, and was blinded for the clinical evaluation.
FDs were assessed on CBCT images in all three planes
(axial, sagittal, coronal) using a dichotomous scale:
present/absent.
Table 1. Scanning parameters
FOV (mm)
Voxel size (mm)

80х100
0,25

Tube voltage (kV)

90

Tube current (mA)

10

Scanning time (s)

2,4

Statistical analysis

Statistical calculations were carried out using IBM
SPSS, version 20. Intraobserver agreement for each
observer was calculated by using Kappa coefficient (k)
according to the following criteria: <0.10 = no agreement;
0.10 to 0.40 = poor agreement; 0.41 to 0.60 = moderate
agreement; 0.61 to 80 = strong agreement; and 0.81 to
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1.00 = excellent agreement16. Interobserver agreement and
agreement between CBCT data and clinical findings for
both observers were calculated (ANOVA test, percentage).

Results
High intraobserver agreement for both observers
was calculated using Kappa coefficient (strong agreement

for the O1 k1 = 0.75, excellent agreement for the O2 k2
= 0.94). The number and percentage of FDs detected on
CBCT images by both observers are presented in the
Table 2. Agreement between the observers in detection
of FDs on CBCT images was 72.6 % for both jaw (Table
2). Interobserver agreement was slightly higher in the
maxilla (73.0%) compared to mandible (71.7%) (Table 2).
There was no statistically significant difference between
observers in detection of FDs on CBCT images.

Table 2. Number (and percentage) of FD detected on CBCT images by both observers and their agreement, according to the jaw
(maxilla / mandible)
CBCT O1
ASSESSMENT
ABSENT
PRESENT
TOTAL
AGREEMENT

MAXLILA
ABSENT
PRESENT
8 (7.3%)
14 (13.0%)
15 (13.0%)
71 (65.7%)
108 (100.0%)
73.0%

CBCT O2 ASSESSMENT
MANDIBLE
ABSENT
PRESENT
4 (6.7%)
9 (15.0%)
8 (13.3%)
39 (65.0%)
60 (100.0%)
71.7%

TOTAL
ABSENT
PRESENT
12 (7.1%)
23 (13.7%)
23 (13.7%)
110 (65.5%)
168 (100.0%)
72.6%

Table 3. Number (and percentage) of FI detected clinically and FD detected on CBCT images by the first observer (O1) and
agreement between the methods, according to the jaw (maxilla / mandible).
CBCT O1
ASSESSMENT

MAXILLA
ABSENT
PRESENT

CLINICAL ASSESSMENT
MANDIBLE
ABSENT
PRESENT

ABSENT

TOTAL
PRESENT

ABSENT

20 (18.5%)

2 (1.9%)

13 (21.7%)

0 (0.0%)

33 (19.6%)

2 (1.2%)

PRESENT

50 (46.3%)

36 (33.3%)

34 (56.7%)

13 (21.6%)

84 (50%)

49 (29.2%)

TOTAL

108 (100.0%)

60 (100.0%)

168 (100.0%)

AGREEMENT

51.8%

43.3%

48.8%

Table 4. Number (and percentage) of FI detected clinically and FD detected on CBCT images by the second observer (O2) and
agreement between the methods, according to the jaw (maxilla / mandible)
CBCT O2
ASSESSMENT

CLINICAL ASSESSMENT
MAXILLA

MANDIBLE

TOTAL

ABSENT

PRESENT

ABSENT

PRESENT

ABSENT

PRESENT

ABSENT

23 (21.3%)

0 (0.0%)

12 (20.0%)

0 (0.0%)

35 (20.8%)

0 (0.0%)

PRESENT

47 (43.5%)

38 (35.2%)

35 (58.3%)

13 (21.7%)

82 (48.8%)

51 (30.4%)

TOTAL

108 (100.0%)

60 (100.0%)

168 (100.0%)

AGREEMENT

56.5%

41.7%

51.2%

Agreement between clinical findings and CBCT
data for the first observer

Agreement between the clinical and CBCT
evaluation of furcation regions for the O1 was 48.8%,
where 50% of FDs were detected on CBCT images, but
not during the clinical examination (Table 3). Higher
agreement between diagnostic methods was detected in
maxilla (51.8%) than in the mandible (43.3%) (Table 3).

The differences between tested methods was higher in the
mesiopalatal sites of maxillary molars (agreement 44%),
than in the in the buccal and distopalatal sites (agreement
55%) (Figure 1). The highest disagreement was presented
in the examined furcation sites of mandibular molars,
where the agreement between testing methods was the
same in buccal and oral sites (43%) (Figure 1).
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Figure 1. Agreement in percentage between clinical (probing) and CBCT
assessment for both observers, according to the site in maxillary molars
(buccal, mesiopalatal, distopalatal) and the site in mandibular molars
(buccal, oral)

Agreement between clinical findings and CBCT
data for the second observer

Agreement between clinical and CBCT data obtained
by the O2 was 51.2% (56.5% for maxillary molars, 41.7%
for mandibular molars) (Table 4). The highest difference
between diagnostic methods was found in the buccal sites
of the mandibular molars (30%), while the distopalatal
sites showed the strongest agreement between the CBCT
findings and clinical evaluation (69%) (Figure 1).

Discussion
For the past two decades, the use of CBCT method
in the periodontal region was mainly related to the
assessment of intrabony and FDs caused by periodontitis3,
5, 6, 11, 17-19. CBCT images are supposed to provide the 3D
presentation of periodontal defects, which may help in
creating an appropriate treatment plan20. However, CBCT
image analysis requires the knowledge of the software
recommended by the manufacturer. The fact that clinical
detection of FI is challenging even for the experienced
dentists, raises the question whether the clinical
experience and experience in working with CBCT method
have an impact on the accurate detection of FDs on CBCT
images.
In the present study, two observers, with different
level of clinical and CBCT experience, analyzed the
furcation regions of upper and lower molars on CBCT
images. The study results showed that there was no
statistically significant difference between the observers
in detection of FDs when CBCT was used. High
intraobserver agreement for each observer (k1=0.75 and
k2=0.94) and high interobserver agreement (72.6%) in
detection of FD on the CBCT images were also found.
These results may be explained with the fact that both
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observers received detailed instructions regarding the
CBCT image analysis during the training session.
Furthermore, the results in the present study showed
that there were no statistically significant differences
between the observers when compared to clinical findings.
These results are in accordance with the results of study
Cimbaljevic et al.14. where FDs were more frequently
detected on CBCT images than during the clinical
examination. Almost half of the FDs were detected on
CBCT images by both observers (50% by the O1, 48.8%
by the O2), but not during the clinical examination by
means of probing. Namely, only 2.1% of FI was detected
clinically, but were not seen as FD on CBCT images
during the radiographic evaluation by the O1. All the
differences between the diagnostic methods was related to
detection of FD on CBCT images, but not clinically by the
O2. Likewise, stronger agreement between the diagnostic
methods was observed in maxilla than in the mandible by
both observers (Tables 3 and 4).
Regarding the all examined furcation sites, results
showed that the highest differences between the observers
was in the distopalatal region of maxillary molars (55%  
of FDs were detected by the O1, and 69% were detected
by the O2). Also, the differences between the observers
were detected in the buccal and oral region of the
mandibular molars. Although these differences were not
statistically significant, detection of FDs requires caution
because of the possibility of “over-diagnosis”, while the
underestimation may lead to inadequate treatment plan14.
The accuracy of the CBCT method in the analysis of
FDs was assessed in several in vivo studies, and showed
that surgical findings were in accordance with CBCT
data in more than 80% of cases, which indicated that this
method could have the potential in treatment decision
making3, 10, 11. In the studies of Walter et al.10, 11. CBCT
image analysis were conducted by two periodontist, whilst
two trained radiologists, analyzed the furcation regions
in the study of Qiao et al.3. Although CBCT image
analysis were carried out by several researchers in the
mentioned studies, the influence of clinical experience and
experience in working with CBCT in analyzing  FDs was
not investigated.
Results of the present study are in accordance
with the existing results in the literature17, 20, 21. In the
study of Guo et al.17 four postgraduate students with
different CBCT experience (three majoring in dental
and maxillofacial radiology and one in periodontology)
analyzed the level of alveolar bone on CBCT images17.
Although all the researchers were post-graduates
at different grades, intraobserver and interobserver
variability was not found17. In another study, the
dimensions of combined alveolar bone defects were
measured on CBCT images and PA radiographs by three
trained observers (the radiologist with two years of
professional experience, and two master students in oral
radiology)20. Agreement between the observers regarding
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the identification of the pattern of alveolar bone loss
and combined defect detection was about 100%20. In
another study periodontal ligament space was assessed
on CBCT images and PA by previously calibrated and
trained dentists, dental assistants and dental students21.
The significant difference between the observers was
not found21. The authors pointed out that the observers’
calibration and training in CBCT image analysis play a
more significant role in CBCT image interpretation than
the observers’ clinical experience17.
Experimental studies (in vitro and ex vivo) which
considered the impact of experience in working with
CBCT showed high accuracy in FD detection on CBCT
images12, 22-24. Three observers with different level of
education (PhD student, two radiology faculty members)
were assessing the alveolar bone level, craters and FD
on CBCT images and PA22. No intra or interobserver
variability was found in measurements or classification
when the imaging methods were compared22. In the
study of Umetsubo et al.12 initial FDs were detected by
two observers with extensive experience in interpreting
CBCT scans, who passed CBCT training. Moderate
inter and intraobserver agreement could be explained by
the fact that in the study a dry mandible was used and
trabeculations were wide, only contrasting with air25.
Likewise, in another in vitro study the impact of different
voxel sizes on FD assessment in rat model were evaluated
by two dentomaxillofacial radiology specialists and
two periodontology specialists and showed strong and
excellent intraobserver agreement (0.600 to 0.999) and
moderate interobserver agreement (0.366 to 0.589)23.
The results of Fleiner et al.24 suggested an accurate
assessment of bone craters and FD by means of CBCT.
In this study, three trained and calibrated observers with
different levels of CBCT proficiency (observers with
1, 3 and 6 years of working experience with CBCT
devices) and several years of clinical experience assessed
circumferential periodontal bone loss, intrabony craters
and FD in the human dry cadaver skull and CBCT
images24. They concluded that the effect of individual
observers’ activity on measurement error was not
statistically significant24. All clinically detected FI in
the examined teeth could be radiologically detected and
confirmed by all observers24.
The results of these experimental studies must
be interpreted cautiously. The factors that may affect
the clarity and accuracy of CBCT images, such as
motion artefacts and artefacts due to the presence of
metal structures (“scatter”, “streaking artifacts”, “beam
hardening”) were avoided in these studies26-28. Further,
it is also important to note that the artificially created
defects were more regular in shape, with clearer edges and
positioned on the expected sites than those that are formed
in the course of periodontitis, which may facilitate their
detection on CBCT images2.

Since no effort was made to calibrate the observers,
the results of these study suggest that the detection of FD
is not observer dependent. However, only the presence or
absence of FD were assessed on the CBCT images with
no attempt to classify the FD. Further studies are indicated
to elucidate weather the CBCT proficiency and clinical
experience would have an impact on FD classification on
CBCT images.

Conclusions
According to the obtained results, it can be assumed
that clinical experience and CBCT proficiency do not
have an impact on FD detection on CBCT images, if an
appropriate training was previously performed.
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Efficacy of Subgingival Air Polishing in
Patients with Aggressive Periodontitis
SUMMARY

Background: Aggressive periodontitis is one of the most severe forms
of periodontal disease, resulting in the destruction of junctional epithelium
and alveolar bone around teeth in a very short period of time. The early
diagnosis of aggressive periodontitis and timely therapy is of outmost
importance in controlling the progress of the disease.
Application of the techniques of subgingival air polishing of
periodontal pockets (pflow) with glycine powder has contributed to reduce
damage to the root surface of the teeth and surrounding soft tissue.
Aim: The goal of this paper was to determine the effectiveness of two
different types of subgingival air polishing therapy for the periodontal tissue
status at the patients with aggressive periodontitis
Methods and materials: the study included 46 patients of both sexes
diagnosed with aggressive peridontitis. The patients were divided into two
groups: test group (PFLOW), and control group (sonic SRP). The size of the
destruction of periodontal tissue was estimated by CAL and assessment of
oral hygiene and gingival inflammation was performed using FMPS and
FMBS.
Results: Monitored indexes values in both groups were reduced.
Conclusion: Subgingival air polishing showed equally good results
as the SRP, while pflow was more advantageous with respect to patients
acceptability, time usability and safety for the soft tissue.

Key words: Periodontal disease, Aggressive periodontitis, Therapeutic approach, 		
Subgingival airpolishing.

Introduction

Diseases of the periodontium include inflammatory
and destructive changes in the entire support system of the
tooth. Such changes occur as a response of the host to the
bacteria present in the dentogingival junction1.
Generalized aggressive periodontitis is the most
severe but not too frequent a form of the disease. The
prevalence of this form of periodontitis significantly
varies between countries and depends on one’s
ethnicity2,3,4. The factors that may lead to aggressive
periodontitis are numerous: above all, poor dental hygiene
which leads to a build-up of oral bacteria forming a dental
film5,6. Another significant factor causing this form of
periodontitis is a compromised immune system. Some
authors argue that aggressive periodontitis is a result of a
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diminished immune response to biofilm antigens. Patients
with aggressive periodontitis have a disorder concerning
the function of neutrophil granulocytes and monocytes7.
Since a number of factors appear as the causes of the
disease, the therapy itself is very complex. Therapeutic
procedures should start immediately upon diagnosing
aggressive periodontitis as well as other forms of the
disease in the supporting tissues, but the treatment
outcome is very unpredictable8.
Given that there is a genetic predisposition and
impairment of the immune response in persons suffering
from aggressive periodontitis, reducing or even disabling
the defense of periodontal tissues from bacteria, the
treatment of aggressive periodontitis also includes
antibiotics, which gives this disease its specificity9,10,11.
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The main therapeutic procedure in treating
periodontal diseases is the removal of the biofilm
formed in both the supragingival and subgingival
area. Periodontal pockets are treated with various
instruments designed to be relatively easy to use in both
the supragingival and subgingival area. Technological
advancements have introduced novelties in therapy in
managing a diseased periodontium12.
A new approach in treating periodontal pockets is
the subgingival air polishing of the root surfaces. The
air polishing method applied on root surfaces means
applying fine particles of powders to the root surface.
The procedure itself removes the biofilm and other soft
deposits as well as stains from the root surface using a
stream of compressed air, water and particles of glycine
powder. This air polishing technique is performed using
a special nozzle (Figure 1)13 improving the mixing of
water and air with the powder, while preventing soft tissue
emphysema. The nozzle thus designed provides access to
the periodontal pockets measuring up to 5 mm. The new
approach is that subgingival air polishing increases the
dentist’s efficacy and improves the patient’s comfort14.

Figure 1. Subgingival air polishing with special nozzle13

Aggressive periodontitis is a severe disease of
the periodontium; a timely diagnosis and taking of the
necessary therapeutic measures is crucial to slowing
down or delaying a premature tooth loss. The objective
of this study was to define the clinical efficacy of a new
therapy for periodontal pockets and indicate the amount
of destruction of periodontal tissues in smokers and nonsmokers.

Materials and Methods
A total of 46 individuals (28 females and 18 males)
aged between 25 and 47, mean age 34,7±5,7 with
aggressive periodontitis were included in the study. The
subjects were selected according to the criteria defined
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for diagnosing aggressive periodontitis established by the
American Academy of Periodontology15.
Both smokers and non-smokers were included in the
study. The non-smokers included both non-smokers and
ex smokers, while smokers group also included subjects
smoking one cigarette a day. The selected subjects had
good general health and had not taken any antibiotics in
the previous six months.
All subjects were thoroughly informed of the
procedures required for the study and only those who gave
a written consent confirming they would take a part of
their own free will were selected.
At the first appointment, the subjects were asked
to provide their full medical/dental history, had a dental
exam and their dental X-rays analysed individually.
To assess the level of oral hygiene and gingivitis the
following indexes were used: plaque index- Full Mouth
Plaque Score (FMPS) and gingival bleeding index- Full
Mouth Bleeding Score (FMBS);
FMPS and FMBS were recorded as the percentage of
tooth surface with supragingival plaque or bleeding within
15 seconds after probing gingival sulcus or periodontal
pocket16.
To assess the state of the deeper structures of
periodontal tissues, pocket depth was measured with a
periodontal probe (PP), while the severity of periodontal
tissue destruction was assessed by measuring the clinical
attachment level (CAL). CAL is the distance between
the base of the pocket and the cementoenamel junction
expressed in mm17. The patients were examined under an
artificial light while seated in a dental chair, using a mouth
mirror. The required indexes were measured using the
periodontal probe PCP-UNC 15®, Hu-Friedy, Chicago,
IL, USA. The required parameters were entered in a
standard chart according to a predefined formula.
During the initial stage, upon the exam, possible
supragingival calculus formations were removed. The
subjects were then divided into two groups.
In the first group of subjects (SRP group), dental
biofilm was removed from periodontal pockets using an
air scaler (SONICflex quick 2008 L, KaVo, Biberach,
Germany) and scaler tips 5A, 60°, 61°, and 62°. After this,
the final polishing of accessible root surfaces was done
using rubber-cup polishers.
Subgingival air polishing of root surfaces was
performed on the second group of subjects (PFLOW,
periodontal flow). Air polishing involves projecting a jet
of compressed air, water and glycine powder onto the
root, using a specially designed nozzle (EMS Air-Flow
Master). Each root surface area is air-polished for 4 or 5
seconds.
The same pocket treatment was performed in the
following four appointments. The subjects took care of
their oral hygiene at home according to our instructions.
Thirty minutes after brushing the teeth, they rinsed their
mouth with 0.12% chlorhexidine digluconate (Curasept
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ADS 212, Curaden, Kriens, Switzerland) two times daily.
Upon the completion of the fourth appointment, they were
prescribed antibiotic therapy including Amoxicillin 500mg
capsules and Metronidazole 400mg tablets three times
daily for 7 days, according to the recommendations of the
German Society of Periodontology18.
Follow-up checks were performed 6 to 8 weeks
after the first appointment, ending the re-assessment of
periodontal tissues.
The second stage came three months after the start
of therapy. All the aforementioned measurements were
repeated. The obtained results showed whether any kind
of further therapy was necessary.

Statistical Analysis

A Student’s t-test for paired samples was used to
compare the observations before therapy and 3 months
after therapy (if the observations followed a normal
distribution). Statistically significant were assumed the
values of p< 0.05. IBM SPSS Statistics 19.0; MS Office
Word 2010 and MS Office Excel 2010 was the software
used for the statistical analysis, as well as the result tables
and diagrams.

Results
FMPS index for the group of patients treated with
PFLOW showed statistically significant reduction of mean,
from 44.38 at baseline to 15.86 after 3 months of therapy.
FMPS index for the group of patients treated with SRP also
showed statistically significant reduction of mean, from
44.84 at baseline to 15.2 after 3 months of therapy (Table 1).
Tabele 1. FMPS (Full Mouth Plaque Score) per treatment
procedures
FMPS index
Number of participans
Arithmetic
mean
Standard deviation
Standard error of arithmetic
mean
Donja
95% confidence granica
Gornja
interval
granica
Minimum
First qurtile-Q1
Median-Q2
Third
quartile-Q3
Maximum
Student t-test for paired
samples
p<0,001

PFLOW
0
3
21
21

0
25

SRP

3
25

44,38

15,86

44,84

15,20

25,48

10,77

24,22

6,86

5,56

2,35

4,84

1,37

33,48

11,25

35,35

12,51

55,28

20,46

54,33

17,89

10,0
24,0
39,0

4,0
7,0
14,0

11,0
21,0
45,0

2,0
10,0
16,0

69,0

21,0

63,0

21,0

81,0

49,0

88,0

30,0

FMBS index for the group of patients treated with
PFLOW showed statistically significant reduction of
mean, from 45.57 at baseline to 14.62 after 3 months of
therapy. FMBS index for the group of patients treated
with SRP also showed statistically significant reduction of
mean, from 45.96 at baseline to 16.04 after 3 months of
therapy (Table 2).
Tabele 2. FMBS (Full Mouth Bleeding Score) per treatment
procedures
FMBS index
PFLOW
SRP
0
3
0
3
Number of participans
21
21
25
25
Arithmetic mean
45,57 14,62 45,96 16,04
Standard deviation
22,24 9,39 21,08 8,89
Standard error of arithmetic
mean
4,85
2,05
4,22
1,78
Donja
95% confidence granica
36,06 10,60 37,7 12,56
Gornja
interval
granica
55,08 18,63 54,22 19,52
Minimum
15,0
1,0
9,0
2,0
First qurtile-Q1
28,0
7,0
34,0
9,0
Median-Q2
44,0
14,0
40,0
17,0
Third quartile-Q3
59,0
20,0
60,0
21,0
Maximum
92,0
36,0
87,0
37,0
Student t-test for paired
samples
p<0,001

CAL values for the group of patients treated with
PFLOW showed statistically significant reduction of
mean, from 3.6 at baseline to 2.81 after 3 months of
therapy. CAL values for the group of patients treated
with SRP also showed statistically significant reduction
of mean, from 3.81 at baseline to 2.85 after 3 months of
therapy (Table 3).
Tabele 3. CAL (Clinical Attachment Level) per treatment
procedures
CAL
Number of participans
Arithmetic mean
Standard deviation
Standard error of arithmetic
mean
Donja
95% confidence granica
Gornja
interval
granica
Minimum
First qurtile-Q1
Median-Q2
Third
quartile-Q3
Maximum
Student t-test for paired samples
p<0,001

FLOW
0
3
21
21
3,60 2,81
0,91 0,57

SRP
0
3
25
25
3,81 2,85
0,65 0,47

0,20

0,12

0,13

0,09

3,21

2,57

3,56

2,66

3,99

3,05

4,07

3,03

2,4
3,1
3,4

2,1
2,3
2,8

2,9
3,4
3,7

2,1
2,5
2,8

4,0

3,0

4,3

3,1

5,6

4,1

5,4

4,1
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CAL values for the group of non smoking patients
showed statistically significant reduction of mean,
from 3.47 at baseline to 2.67 after 3 months of therapy.
CAL values for the group of smoking patients showed
statistically significant reduction of mean, from 4.01 at
baseline to 3.02 after 3 months of therapy (Table 4).
Tabele 4. CAL (Clinical Attachment Level) according to smoking
status
CAL

non smokers
0

Number of participans

3

smokers
0

3

25

25

21

21

Arithmetic mean

3,47

2,67

4,01

3,02

Standard deviation

0,65

0,46

0,83

0,51

Standard error of arithmetic
mean

95% confidence
interval

0,13

0,09

0,18

0,11

Donja
granica

3,21

2,49

3,65

2,81

Gornja
granica

3,72

2,85

4,36

3,24

2,4

2,1

2,7

2,2

Minimum
First qurtile-Q1

3,1

2,3

3,4

2,7

Median-Q2

3,4

2,7

3,8

3,0

Third
quartile-Q3

3,9

2,9

4,6

3,2

Maximum

5,0

4,1

5,6

4,1

Student t-test for paired samples
p<0,001

Discussion
Periodontal disease is widespread. Gingivitis occurs
in a large part of the world population, over 90% has some
type of gingival inflammation19. Worldwide, advanced
periodontitis is the 6th most frequent disease. Therefore,
2% of young population has this type of disease, while
the percentages in adult population go from 5% to 20%
20. Data for this area of Bosnia and Herzegovina (Banja
Luka and the surroundings) are unknown, therefore this
study will contribute in gathering partial insight into
understanding the state of periodontal tissue health in the
local population.
In this study we compared the classical treatment
for this disease, periodontal scaling and root planning,
with the new treatment of periodontal pockets such
is air polishing. We used dichotomous indexes FMPS
and FMBS to evaluate the gingival tissue health, oral
hygiene and gingival inflammation. CAL index was
used to evaluate the degree of destruction of periodontal
tissue. The efficiency of the described procedures was
established monitoring the aforementioned indexes.

Comparing the FMPS index before and after
treatment, we noted a decrease in the value in both
PFLOW and SRP groups. Comparing these two
methods of gingival pocket treatment Tomasi and his
assistants came to the similar results, where, at the end
of the treatment, the value of this index was significantly
reduced21.
FMBS index is used to evaluate the oral hygiene.
There were two groups of patients, one treated with
PFLOW and the other with SRP, and both shown
statistically significant decrease of FMBS index in
comparison to the values registered before the treatment.
The values observed are in accordance with the values
reported by other researches16,22,23.
Measured clinical attachment level (CAL) index
before any treatment is 3.71, which indicates significant
destruction of periodontal tissue in patients with
aggressive periodontitis. Measured value of CAL in
the group of patients treated with PFLOW before the
treatment was 3.6, and after 3 months of treatment, was
reduced to 2.81. Based on this we can observe that the
new treatment contributed to stopping further destruction
of periodontal tissue.
CAL index in control group of patients that
underwent a treatment with sonic scaling and root
planning showed a reduction of the value, indicating
that the periodontal disease is kept under control. Other
studies conducted shown that any of the treatments for
treating periodontal pocket in patients with aggressive
periodontitis leads to stopping the further destruction of
periodontal tissue24.
Other authors have pointed out, that monitoring
parameters of gingival inflammation and CAL index of
periodontal tissue destruction shows PFLOW technique
can be considered as a successful replacement for existing
mechanical sonic root planning and scaling, as it results in
successful removal of subgingival biofilm, consequently
leading to stopping the further destruction of periodontal
tissue25.
Smoking has been well documented as a significant
risk factor for aggressive periodontitis26. Smokers with
initial signs of periodontitis show higher alveolar bone
destruction and much faster loss of clinical attachment
than non-smokers with aggressive periodontitis27.
Non-smokers have in average 3.47 of clinical
attachment level, while smokers average in 4.01, which
is 0.54 higher. This is a statistically significant difference,
meaning that the destruction of periodontal tissue in
patients with generalized form of aggressive periodontitis
is much larger with smokers than non-smokers. The
average clinical attachment level after 3-month treatment
in non-smokers was 2.67, which was 0.36 less than the
level exhibited by smokers. This statistically significant
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difference indicates that, regardless of treatment applied,
the size of the periodontal tissue destruction in aggressive
periodontitis remains higher with smokers. Periodontal
tissue in non- smokers with aggressive periodontitis
responds better to any of the two used in this study
treatments than the one in smokers28. Other researches
using the same treatments confirmed the results of this
research29.
Therefore, based on the results of this study, as well
as the results obtained through other related studies,
patients need to be informed about smoking effects on
periodontal tissue. Cigarette smoking leads to significantly
larger periodontal tissue destruction. We are obliged to
inform patients about this effect and encourage them to
momentarily quit smoking.

7.

8.
9.

10.

11.

12.

Conclusions
While sub-gingival air polishing showed equally
good results as the SRP, PFLOW was more advantageous
with respect to acceptability to patients, time usability and
safety for the soft tissue.
The size of the periodontal tissue destruction in
smokers is significantly larger than in non-smokers,
while treatment methods used in this study have equally
successful effects with both smokers and non-smokers.
As both treatments applied in this study, as well as
antimicrobial treatment, lead to successful reduction in
observed clinical parameters, a therapist has to choose
the most feasible therapy that suits the needs of patient in
question.

13.
14.
15.
16.

17.
18.

19.
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Investigation of Antioxidant Capacity of Several
Luting Cements Processes by HPMC Method
SUMMARY

Background: Free radicals (FR) occur in oral cavity where lot of food
was transferred to through entire life under specific saliva conditions. Many
enzymes, microorganism, alcohol beverages, nicotine and other harmful
or indifferent substances when in contact to oral tissues might provoke
oxidation process under specific condition creating FRʼs. The similar role
might have various dental materials. Aim of the study was to record the level
of antioxidant (AO) activity of several permanent (P) luting cements alone
or combined with quercetin AO substance. Materials/Methods: P cements
were Zn-phosphate, Zn-polycarboxilate, GIC and composite resin cement.
They were prepared as original prescription and their variant by 1%weight
addition of quercetin. AO activity of cements was measured by HPMC test
evaluated by Student t test. Results: There were statistically significant
differences among Zn-phosphate, Zn-polycarboxilate and resin dental
cements (p ˃ 0,05). GIC displayed significantly higher AO values (p < 0,01)
versus other three cements. There were no difference in AO capacity between
sample of original P cements and their corresponding quercetin variants (p
˃ 0,05). Conclusions: Conventional GIC displayed the most powerful AO
activity among P luting cements. Addition of 1% antioxidant quercetin did
not improve AO capacity of investigated cements.

Key words: Antioxidant, Antioxidant capacity, Free radicals, Luting cement, Glass ionomer
cement, Eugenol, Quercetin, Flavone

Introduction
An antioxidant (AO) is a molecule capable to
inhibit oxidation of other molecules. During oxidation
as chemical reaction, electrons are being carried from a
substance to an oxidizing mean when free radicals (FR)
could be produced. They could initiate chain reaction
causing cell damage subsequently. Beneficial agents, AO
molecules, could finish such chain reaction cleaning FRʼs
intermediate products thus slowing down and repressing
other oxidation reactions. Oral cavity is area where lot
of food was transferred to throughout the life under
specific wet conditions by the present of many enzymes,
microorganisms, alcohol beverage, nicotine and other
harmful or indifferent substances. All of them might be
exposed to oxidation process under specific condition
creating FRʼs. On the other hand, existed dental material
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within oral cavity might create FRʼs such as acrylics,
dental alloys or side-effect products during bleaching or
restorative/endodontic treatments. Consequently, humans
could create enzyme or non-enzyme AO arrangement to
prevent and protect tissue against FRʼs.  
Considering the clinical steps before the temporary/
permanent cementation procedure of the fixed restorations
(creating the finishing demarcation, thread insertion
and impression taking)1 it is very important to take care
of gingival health as well as architecture of the gingival
margin. Subsequently, act of luting might be another
harmful factor to slow down the surrounding tooth tissue
healing1. Moreover, the presence of new implanted
materials in oral environment might provoke creation
of FRs as potential antagonist versus human defensive
systems. This is the reason that several articles were
published in past decade about chemical and physical
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properties of dental biomaterials2,3, as well as their toxic
potential4,5.
The damage caused by reactive oxygen species
results in harmful consequences at the systemic level and
to the pulpal/periodontal tissues. One of such common
cases is peri-implantitis5 triggered by gram-negative,
anaerobic, and microaerophilic microbes producing
reactive oxygen species that consequently stimulate
proinflammatory cytokines.
Having in mind such trigger system it would be
interesting to analyze the studies concerning potential
substances and defense mechanism against FRs occurred
in human body. One of them is TroloxR, analogue
of vitamin E, that exposes cytotoxicity lessening on
the several studied biomaterials6,7. The study about
insertion of less than 0,1% vitamin E to the base material
maintains its initial physical and mechanical properties
even exposes oxidation inhibition up to 24 months upon
implantation8.
The polymer chains that have natural AOʼs such as
quercetin – flavone and curcumin, incorporated into a
polymer backbone displayed attenuation on the materialinduced oxidative stress9. Looking for the model that
could be maintain AO level some authors used silica
microspheres through a novel method by polyol-in-oilin-water (P/O/W) emulsion and sol–gel methods10. Those
authors added quercetin (in weight percentages of 5, 10,
15%) to an inorganic silica matrix in the synthetic process
to create protective, bioactive, and biocompatible glass
material in which the natural molecule firmly integrates
into the inorganic network. Their results points out that
higher quercetin amount were directly correlated to the
higher AO effect.
Resuming various in vivo or in vitro methodologies
applied in different researches it is to note that around
74 published articles could be extracted out of 407
combinations of samples and methods. Twenty-nine
out of them were repeated in the consequent studies
of which 19 were in vitro and 10 for in vivo models11.
DPPH scavenging activity model was noted as the most
applied as in vitro AO activity while lipid peroxide
oxidation as in vivo. This article found the ethanol
solvent agent for extraction purpose as frequent as
possible11. However, it is to conclude that there is no
accepted standard in the field of dental materials deals
with AO activity. Namely, among numerous methods,
there are very many choices considering in vivo/in
vitro options, quality of sample and nature of liquid
solvents. Our previous report about level of AO capacity
on the several cements for temporary luting revealed
more beneficial effect of eugenol-based materials in
comparison to non-eugenol ones using ABTS method12,
13. The results and dilemma arisen of that study, as well
as before mentioned citations, provoke us to aim the
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investigation about the level of AO activity of several
luting cements alone or combined with antioxidant,
recorded by direct current polarographic antioxidant
assay.

Material/Methods
Material

The study material comprised four different types
of luting cements for permanent bonding of the fixed
restorations. The used commercially cements were
original prescriptions as the next:
I. Cegal B- Zn-phosphate (ZP) cement (Galenika,
Serbia)
II. Harvard Zn-polycarboxilate cement (ZPC) (Harvard
Dent. Int., Germany)
III. Maxcem Elite- self-etch, self-adhesive resin cement
(RC) (Kerr, Germany)
IV. Ketac Cem Easymix- Glass Ionomer luting cement
(GIC) (3M ESPE, Germany)
The used antioxidant was encapsulated ≥98%
(HPLC) powder of quercetin (Q) dehydrate (Sigma
Aldrich, Co. LLC). Experimental cement mixtures are
presented as before mentioned four (I-IV) preparations
combined with quercetin powder forming the next groups:
IQ, IIQ, IIIQ and IVQ. Cement groups involved three
samples each.

Methods

HPMC method (HydroxoPerhydroxo Mercury (II)
Complex) is relative new method arranged by Physics
Chemistry Institute (Belgrade, Serbia) and promoted
in 201114. Direct current polarography AO assay based
on the decrease of anodic limiting current of   Hydroxo
Perhydroxo Mercury (II) Complex [Hg(O2H)(OH)]
(HPMC) upon addition of AOs was applied. Using the
polarography analyzer PAR (Princeton Applied Research),
model 174A, equipped with an X-Y recorder (Houston
Omnigraphic 2000), the current-potential (i−E) curves
were recorded. A dropping mercury electrode (DME)
with a programmed dropping time of 1 s was used as
working electrode (a saturated calomel electrode-SCE as
a reference) and a Pt-foil as auxiliary electrode. Starting
5 mM H2O2 concentration was obtained by addition of
100 μL of 1,00 M H2O2 into 20 mL of Clark Lubb’s (CL)
buffer (pH 9,8) (25 mL of 0,4 M H3BO3, 25 mL of 0,4
M KCl, and 40,8 mL of 0,2 M NaOH). Samples were
gradually added into buffered H2O2 solution. Before
each i-E curve recording, a stream of pure nitrogen was
passed through the cell solution, during 5 min before
the first recording and during 30 s after the addition of
each aliquot. The inert atmosphere was kept by passing
nitrogen above the cell solution. The initial potentials
were 0.10 V and the potential scan rate was 10 mV s−1.
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The DME current oscillations were filtered with the lowpass filter of the instrument positioned for 3 sec. All
experiments were done in triplicate at room temperature.
Decrease of the anodic current of H2O2, that is initial il
value (il0), obtained by recording 5 mM H2O2 solution,
upon addition of investigated samples has been recorded.
The remaining anodic limiting current (ilr) obtained
upon gradual addition of tested samples has been
compared with the height of initial limiting current (il0).
The percentage of il decrease has been calculated upon
each addition of tested samples. Plots of percentage of
il decrease calculated upon each addition versus added
volume of samples. The slope of the linear part of the
dose−response curves has been used as criterion of AO
activity.
Statistic method of Student T test served to calculate
the differences between the studied groups by confidential
level of 0,05.

Results
The results were presented in Figures 1 & 2. The
slope of the linear part of the dose-response curves has
been used as a criterion of AO activity by HPMC method.

Protocol

Eight specific groups of cement mixtures, each by
three samples, presented 24 samples for the study. The
zinc phosphate (ZP), polycarboxylate (ZPC) and glass–
ionomer (GIC) cements were consisting of powder (A)
and liquid (B). Resin based dental cement (RC) consisted
of pastes A (base) and B (catalyst). Variants of P luting
cements were made by manual mixing of the original
powder where 1% by weight was quercetin powder and
corresponding amount of original liquid forming groups:
IQ, IIQ, IIIQ and IVQ.
The control of composition of investigated samples
was obtained by precise weigh of their components
by means of electronic analytic scale (Mettler PE360,
Switzerland) and pipette for liquids. All investigated
cements were hand mixed by plastic spatula in accordance
to the manufacturer’s instructions. After appropriate
mixing time, the cements were placed into molds to
produce cylindrical test specimens (6.0 ± 0.1mm high
and 8.0 ± 0.1mm diameter). The mold was mounted on
the glass slide and filled with cement material. Sheet of
polyester film and a microscope slide was positioned on
the top of it creating a flat surface. Excess material was
removed by pressing over the brim of the mold. Tapping
the mold by spatula and running the carefully mixing, the
inclusions of air were minimized. The microscope slide
was removed upon setting for I-III and IQ-IIIQ cement
samples. The IV and IVQ specimens were irradiated,
both bases of cylinder, with external curing light source450mW/cm (Visilux 2, Dental Products, 3M Company,
USA) in three overlapping sections by 20 sec. Upon
irradiation/setting, the specimens of all eight groups were
removed from the mold and immersed immediately in 3
mL saline at 37°C. The specimens were removed from
the saline after 24 h of dwelling and 0,5 mL extracts were
analyzed for the AO activity.

Figure 1. Slope value for ZP (Group I) Slope value- 0.0128±0.0010

Figure 2. Slope value for ZP + Q (Group IQ) Slope
value- 0.0130±0.0009

The analysis of AO capacity revealed statistically no
significant difference among ZP, ZPC and RC (p ˃ 0,05).
On the other hand, GIC-KetacCem samples displayed
significantly higher AO values versus other three original
prescriptions of P cements (p < 0,01).
There were no difference in AO capacity between
samples of original cement preparations and their
corresponding quercetin variants [I vs IQ, II vs IIQ, III vs
IIIQ and IV vs IVQ) (p ˃ 0,05)].
There were no statistical significant difference in AO
activity among the next quercetin groups, samples (IQ, vs
IIQ and IIIQ, IIQ vs IIIQ) (p ˃ 0,05, Table 1).

158 Dragan V Ilić et al.

Balk J Dent Med, Vol 20, 2016

Table 1. Antioxidative activity of luting cement registered by HPMC method through the mean slope values. Percentage of decrease
of HPMC anodic limiting current (il) vs volume of gradually added samples (µL)
Cement group

I (ZPC)

II (PCC)

III (RC)

IV (GIC)

IQ

IIQ

IIIQ

IVQ

Slope value (mean)

0,0128

0,0133

0,0095

0,0170

0,0130

0,0137

0,0097

0,0174

Discussion
The materials for definite fixation of cast restorations
were chosen as the frequent applicable in nowadays dental
practice. All of them present specific material regarding
composition (Zn-phosphate, Zn-polycarboxilate, glass
ionomer and resin dental cements). They are chosen due
to the fact that different chemical reaction of setting all of
them might have influence to the creation of free radicals,
responsible for oxidative stress. HPMC polarographic
assay was confirmed as valuable test because revealed
the similar relationship between eugenol and non-eugenol
cement materials (our yet unpublished results) as ABTS
test did in our previous study from 19986.
The solvent we used in this study was saline solution
chosen due to its osmolality near the human sera that is
similar to media of dental pulp and periodontal tissues
where potent odontoblasts, cementoblasts, osteoblast and
other pluripotent cells live. Unfortunately, saline as the
most appropriate solution to the vital tissue, what was our
intention of mimicking pulpal/periodontal environment, is
one of the weakest solvent in comparison to alcohol which
is the most used liquid in AO effect studies according to
bibliometric study1. Although we did not use opportunity
of both methods to follow the AO activity change in the
course of time, considering that fact, one can say that
both applied measuring analytical quantitative methods
we used (ABTS and HPMC) were simple and comfort for
the study of that kind. In addition, antioxidant substances
(quercetin, vitamins C and E) exposed high level of AO
activity1,7,10 it might be explained by their high dose
(quercetin 5, 10 and 15%) that could be detrimental to
other physico-chemical of materials prognoses to exist
for several years in wet media of saliva and withstand to
occlusal stresses and oral metabolites.
The whole protocol of our study was imagined to
imitate oral environment where dwelling time of 24 h
presents the period of prolonged setting of used cements.
However that is the period when dental pulp and tooth
surrounding tissue suffer too much. Also, it is important
fact that subsequent gingiva and vital pulpo-dentinal
complex injury are caused by therapeutic manipulations
and due to the consequences of chemical setting reactions
are most expressed as the patient, s trouble in the first 24 h
upon cementing (unfinished chemical reactions, surplus of
eugenol content, elution of PMM out of composite resin
dental cements etc.).

As the seventh day present the standard point in
protocolar dental materials, features, it will be interesting
to follow and record the AO activity at that time point (our
running study) expecting the decrease of amount of FR,s
whether of saliva enzymes action or finishing of setting of
used luting cement.
The low activity at RC samples might be explained
by the fact that composite resin polymerizes by free
radicals polymerization generated when a photo-initiator
(camphorquinone) absorbs light energy (photons) emitted
from the curing light initiates polymerization by reacting
with a photoreducer when tertiary amine form FRs thus
initiating crosslinking15.
Our result about higher level of AO effect by HPMV
method of Ketac Cem (Glass Ionomer Cement) regarding
Zn-phosphate and polycarboxylate has no explanation. If
speculate that AO capacity is inverse correlation to the
cytotoxicity level, the results of Trumpaite-V16 where
Zn-phosphate exposed as lower cytotoxic then Fuji Plus
RMGIC, are in discrepancy to the ours. Unfortunately,
our results of AO capacity are not comparable to the
results of other studies due to the difference in laboratory
methodologies and sample preparation. Also it is to note
that there is no accepted standard among investigators
about choice of used device for measuring AO capacity,
solvent agent, time of experimental release of AO species
and their detection whether in vivo or in vivo system.
For example, review bibliometric article about parameter
that influence the results about AO effect point out to the
organic solvents (alcohol, acetone) as the most effective1.
Although they have high solvation potential their
similarity concerning osmolality, is too far from biological
saliva and tissue liquor. Therefore inorganic solvents
might be more appropriate for in vitro while organic for in
vivo experiments.
Moreover, the investigations of this kind necessitate
wide spectrum of tasks considering the type of carrier
of AO agent. One of the study reports about silica-gel
carrier17 as inert substance with depot character where
quercetin exposed AO activity but at high concentration
(5, 10 and 15%). Nevertheless, such material composition
will convert itself into the variant of worsen physicochemical features meaningful for long-lasting cast
restorations. The similar is for AOʼs where their rise
provokes lessening level of cortisol13.
Although Soheili et al.18 investigated in vitro effects
of ascorbate and Trolox on the biocompatibility of dental
restorative materials, the further progress of the studies
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about AO agents should be focused rather as in vivo
model. Our researches, that are under way, is targeted to
find the balance between AO partition and other cement
ingredients that will result in long-lasting antioxidant
releasing in saliva medium approved through in vivo tests.

9.
10.

11.

Conclusions
Conventional GIC Ketac Cem displayed the most
powerful AO activity among studied original cement
prescriptions. Addition of antioxidant materials (quercetin
– flavone) in amount of 1% by weight did not improve
AO capacity among all four investigated original cement
preparations in media of saline solution.

12.
13.

14.
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Antimicrobial Activity of Three Lamiaceae Essential
Oils Against Common Oral Pathogens
SUMMARY

Chemical composition, antimicrobial and cytotoxic activities
of commercial essential oils’ samples from the aerial plant parts of H.
officinalis, R. officinalis and S. officinalis were investigated. Analyses by
GC-FID and GC-MS confirmed 52 oil components. The major constituent
of the H. officinalis oil was cis-pinocamphone (34.4%), followed by transpinocamphone (23.3%), and β-pinene (11.3%). Analysis of R. officinalis
oil revealed 1.8-cineol as a major constituent (43.8%), as well as transpinocamphone (12.5%), α-pinene (11.5%) and β-pinene (8.2%). The
most dominant constituent of S. officinalis oil was cis-thujone (32.7%), in
addition to camphor (17.2%), 1.8-cineol (10.1%), α-pinene (8.6%), transthujone (7.7%) and camphene (7.3%). The essential oil antimicrobial
activity assay was performed by the use of microdilution method against
oral Candida spp. and bacteria, the major causative agents of a number of
human oral disorders; all of them were susceptible to tested concentrations
of H. officinalis, R. officinalis and S. officinalis essential oils, although the
oil of S. officinalis exhibited the lowest antimicrobial potential. The results
obtained in this study encourage use of investigated essential oils from
Lamiaceae family in development of safe natural agents for prevention and/
or alternative therapy of human oral diseases. However, a special care
during development of an effective natural preparation is required.

Keywords: Oral Pathogens, Antimicrobial Activity, Essential Oils, H. officinalis,
R. officinalis, S. officinalis

Introduction
Worldwide, we are witnessing a strong promotion
on the reduction in use of synthetic products1. The
emergence of resistance to broad-spectrum antibiotics, the
appearance of hypersensitivity to the drugs, toxicity as a
result of improper and excessive application, represent
just some of the consequences of the use of synthetic
antimicrobial agents.
Recently, many scientists began to understand
the importance of traditional medicine; data regarding
application of medicinal plants can be searched in
historical manuscripts but have to be verified by a modern
science in order to develop an effective drug2. Taking into
account that plants produce hundreds or even thousands
of metabolites, it is obvious that there is a great interest
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in their chemical evaluation3. In recent decades, scientists
have carried out an intensive biological and chemical
examination of the plant secondary metabolites4, 5,
particularly essential oils. In oral medicine, essential oils
are used in many different ways, such as: in oral hygiene,
in dental implants, as anxiolytic and preservatives6.
Oral cavity has over 700 different types of
microorganisms of which, currently, more than a half
is not possible to cultivate in the laboratory conditions.
Around 400 species derive from periodontal pockets,
while about 300 species are isolated from the mucous
membrane, carious lesions, tongue and other human
oral cavity surfaces7. The most common oral infection,
with a growing trend in the last decades, is candidiasis,
whose main causative agent is opportunistic pathogen
Candida albicans. Although it is a part of normal
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microbiota, after the homeostatic conditions in oral cavity
changes, it starts overgrowing and causing very specific
symptoms8. The most common reasons for the infection
use to be the excessive use of broad-spectrum antibiotics,
immunosuppressant’s (corticosteroids and cytostatics),
inadequate dentures an poor oral hygiene9. During the
mid-twentieth and early twenty-first century, a rise in
the number of species of the genus Candida infections,
especially in immunocompromised patients (HIV,
diabetes, cancer) was recorded10. This provoked a great
interest in studying existing therapeutic procedures and
causes of infections that may range from mucosal lesions
to the life-threatening systemic infections.
In addition to Candida spp., species of the genera
Staphylococcus, Enterobacter and Pseudomonas are
also a common cause of pathogenic conditions in the
human oral cavity11. While the C. albicans was detected
in 55.5%, 61.1% and 61.1% samples from the maxillary
defect area, prosthesis and saliva, respectively, S. aureus
was detected in 44.4% of the nasal cavity samples, and
all samples of saliva from the same patients were positive
for this pathogen, except one. None of the patients were
suffering from any subjective complains, while 50% of
them had diffuse erythema in the defect area. Both C.
albicans and S. aureus were detected together in 22.2%
of all saliva samples12. Patients with symptoms of denture
related stomatitis (DRS) and poor denture hygiene had in
their saliva a pronounced number of C. albicans13.
Caries is a chronic disease of the tooth hard tissues,
leading to demineralization and decay. Some studies
indicate the important role of some Streptococcus bacteria
strains in etiology of this disease14, among which the most
common belong to Streptococcus mutans group, and the
other ones were species S. sobrinus, S. salivarius, S. mitis,
S. constellatus, S. parasanguinis, Lactobacillus spp. and
Vellionella spp. Actinomyces species are involved in the
initial stages of caries, while the S. mutans in the later ones7.
The enormous structural diversity of natural
compounds of plant origin provides opportunity to obtain
effective antimicrobial agents. Since biological activities
of essential oils have been extensively studied, and some
of them were scientifically confirmed, they represent an
ideal model for study and use in prevention and treatment
of the human oral diseases caused by the most common
pathogens.

Material and methods
Essential oils

Three EOs were used in this study, all of them were
purchased as commercial samples; Citrus limon L. oil
from “Scents & Sensibility ltd.”, USA, Piper nigrum
L. oil from “Athens Herbal Pharmacy”, Greece, and
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Melaleuca alternifolia (organic) from Bergland-Pharma
GmbH and Co. KG.

Essential oil analysis

Procedure used for GC-FID and GC-MS analyses
complies with standards set for Gas Chromatography of
essential oils.
GC-FID analysis was performed on GC Agilent
Technologies 7890A apparatus, equipped with the splitsplitless injector and automatic liquid sampler (ALS),
attached to HP-5 column (30 m x 0.32 mm, film thickness
0.25 µm) and fitted to flame-ionization detector (FID).
Operating conditions were as follows: carrier gas was H2
(1 ml/min/210°C); temperatures of injector and detector
were set at 250°C and 280°C, respectively, while the
column temperature was linearly programmed 40–260°C
at 4°C/min. Solutions of essential oils’ samples in ethanol
(ca. 1%) were consecutively injected by ALS (1 µl, splitmode). The percentile presence of components in essential
oils’ samples were calculated from the peak areas obtained
in the area-percent reports (obtained as a result of standard
processing of chromatograms) without correction factors,
using normalization method.
The GC/MS was performed on HP G 1800C Series
II GCD analytical system equipped with HP-5MS column
(30 m×0.25 mm, film thickness 0.25 µm). Carrier gas was
He (1 ml/min). Other chromatographic conditions were
as those for GC-FID. Transfer line was heated at 260°C.
Mass spectra were recorded in EI mode (70 eV), in a
range of m/z 40–450. Solutions of essential oil samples in
ethanol (ca. 1%) were consecutively injected by ALS (0.2
µl, split mode).
The identification of essential oils components
was based on matching of their mass spectra peaks
with those from Wiley275 and NIST/NBS libraries.
The experimental values for Kovats’ retention indices
(RI) were determined by using calibrated Automated
Mass Spectral Deconvolution and Identification System
software AMDIS (ver. 2.1.), compared to those from
available literature15, and they were used as additional
tool to support MS findings.

Microorganisms

The following seven clinical oral isolates:
Streptococcus pyogenes (IBR S004), Streptococcus
mutans (IBR S001), Lactobacillus acidophilus
(IBR L001), Streptococcus salivarius (IBR S006),
Streptococcus sangunis (IBR S002), Streptococcus
sanguis (IBR S005), Enterecoccus feacalis (IBR E001),
Pseudomonas aeruginosa (IBR P001) and one reference
strain, Staphylococcus aureus (ATCC 25923), were
used in the study. In antifungal assay, fifty eight clinical
isolates of Candida spp., as well as two references
strains (Candida albicans ATCC 10231 and Candida
tropicalis ATCC 750), were used. The reference strains
were obtained from the collection of the Laboratory
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of Mycology at the Institute for Biological Research
‘’Siniša Stanković’’, University of Belgrade, Serbia. The
bacteria species were maintained in Mueller Hinton Agar
and Tryptic Soy Agar (MHA, TSA, Merck Germany).
Strains of Candida spp. were maintained on Sabourand
Dextrose Agar (SDA, Merck, Germany). All clinical
oral isolates were obtained by rubbing a sterile cotton
swab over oral mucosa from patients at the Department
of Pediatric and Preventive Dentistry, Faculty of Dental
Medicine, University of Belgrade, Serbia. The colonies
obtained were analysed for morphological, cultural and
physiological characteristics. Proper identification of oral
bacteria 16 and fungi 17 colonies were performed.

In the oil of R. officinalis, 1.8-cineol was the major
constituent (43.8%), followed by trans-pinocamphone
(12.5%), α-pinene (11.5%), and β-pinene (8.2%). The
most abundant constituents of S. officinalis EO were cisthujone (32.7%), camphor (17.2%), 1.8-cineol (10.1%),
α-pinene (8.6%), trans-thujone (7.7%), and camphene
(7.3%). The chemical profile of our commercial EO
sample of H. officinalis is in agreement with previous
studies21, 22, though there is another study of the oil of
H. officinalis revealing β-pinene and camphor being the
major oil components, in addition to pinocamphone23.

Antimicrobial activity

In general, all EOs exhibited significant
antimicrobial activity against tested microorganisms
(Table 2 and Table 3); inhibition values ranged for MIC
0.16-1.25 mg/ml and MBC 0.63-2.50 mg/ml for bacteria,
and MIC 0.13-63 mg/ml and MFC 0.50-1.25 mg/ml for
Candida spp.
The strongest activity against bacteria was achieved
by H. officinalis and R. officinalis oils (MIC 0.16-0.63
mg/ml and MBC 0.31-1.25 mg/ml), while S. officinalis
EO showed weaker antibacterial potential (MIC 0.63-1.25
mg/ml and MBC 1.25-2.50 mg/ml). The positive control
used in this study, streptomycin, inhibited the growth of
selected bacteria in the range MIC 0.01-0.15 mg/ml and
MBC 0.01-0.20 mg/ml. Even Streptomycin showed better
results in comparison to EOs, this result should be taken
with caution; direct comparison of Streptomycin with
EOs is better to avoid, since Streptomycin is commercial
antibiotic and EOs are mixtures of natural compounds.
On the other hand, commercial preparation Curasept
(MIC 0.50-10.00, MBC 1.00-20.00 mg/ml) showed
lower antibacterial potential compared to our EOs, with
exception of S. sanguinis, while antibacterial potential
of Hexoral (MIC 0.19-1.56, MBC 0.39-3.12 mg/ml) was
lower in comparison to H. officinalis and R. officinalis
oils, though it was similar to even better compared to S.
officinalis EO (Table 2).
The results of antifungal activity of commercial H.
officinalis EO (MIC 0.13-0.50, MFC 0.25-1.00 mg/ml)
and R. officinalis EO (MIC 0.25-0.50, MFC 0.50-1.00 mg/
ml) showed the strongest biocidal effect with the lowest
MIC and MFC values, while the oil from S. officinalis
again showed lowest potential among the tested oils (MIC
0.31-0.63, MFC 0.63-1.25 mg/ml). In comparison to
Fluconazole (MIC 0.0005-0.002; MFC 0.001-0.004 mg/ml)
the EOs in our study generally showed lower activity (Table
3). Positive control Curasept showed the lowest antifungal
potential with MIC range from 5.00 to 10.00 mg/ml and
MFC from 10.00 to 20.00 mg/ml, while Hexoral, as well,
had weaker influence on tested fungi compared to EOs
(MIC 1.00-1.25, MFC 2.00-2.50 mg/ml).
Recent study showed moderate antibacterial effect
of H. officinalis essential oil 24. Similar results were

Minimum inhibitory (MIC) and minimum
bactericidal/fungicidal
(MBC/MFC)
concentrations
were determined by microdilution method in 96 well
microtitre plates18, 19 with some modifications. Briefly,
fresh overnight cultures of bacteria were adjusted with
sterile saline to a concentration of 1.0 x 105 CFU/well for
bacteria and fungi, respectively. EOs were added in TSB
medium for bacteria, SDB medium for C. albicans. The
microplates were incubated for 24 h at 37° C for bacteria
and 48 h at 37° C for yeasts. The MIC was defined as
the lowest concentration of EO inhibiting the visible
growth of the test strain. The MIC/MBC values for
bacteria and yeasts were detected following the addition
of 40 μL of p-iodonitrotetrazolium violet (INT) 0.2 µg/ml
(Sigma I8377) and incubation at 37 °C for 30 min20. The
MBCs/MFCs were determined by serial sub-cultivation
of 10 µL into microtiter plates containing 100 µL of broth
per well and further incubation for 24 h at 37° C. The
lowest concentration with no visible growth was defined
as the MFC, indicating 99.5 % killing of the original
inoculum. Positive controls, antibiotics (Hexoral®,
Streptomycin) and mycotic (Fluconazole), were used in
both experiments.

Results and Discussion
Chemical composition of essential oils

Results of chemical analysis of essential oils (EO)
used in this experiment is presented in Table 1. It resulted
in identification of 52 components representing 99.9100.00% of the oils.
Oxygenated monoterpenes are the major portion
of our EO samples, with the highest content observed in
S officinalis (72.0%), somewhat lower in H. officinalis
oil (65.9%) and the lowest in R. officinalis oil (63.9%).
Twenty five compounds were identified in H. officinalis
oil, accounting for 99.9% of the total EO; the major
constituent was cis-pinocamphone (34.4%), followed
by trans-pinocamphone (23.3%), and β-pinene (11.3%).

Antimicrobial activity
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also documented by other researchers who investigated
the effect of this oil on the Gram-negative bacteria, P.
aeruginosa, E. coli and S. typhimurium 25. In this study,
H. officinalis EO had a moderate effect on seven strains
of C. albicans, C. krusei, and C. tropicalis, inhibiting their
growth in concentrations of 0.6-1.2% (v / v). However,
variable antifungal potential of this EO was also observed

in other study26, which concentration of 104 mg/ml was
needed in order to inhibit growth of Aspergulus niger.
Great variability in antifungal activity of H. officinalis
EO samples of various origins can be explained by their
different chemical composition, testing methods and
microbial strains used in experiments.

Table 1. Chemical composition of H. officinalis, R. officinalis and S. officinalis essential oils’ commercial samples used in experiment
Components
cis-Salvene
trans-Salvene
Tricyclene
α-Thujene
α-Pinene
Camphene
Sabinene
β-Pinene
Myrcene
α-Phellandrene
δ-3Carene
α-Terpinene
para-Cimene
Limonene
β-Phellandrene
1.8-Cineol
γ-Terpinene
α-Terpinolene
Linalool
cis-Thujone
trans-Thujone
trans-Pinocarveol
Camphor
Isoborneol
trans-Pinocamphone
3-Thujanol
Borneol
cis-Pinocamphone
Terpinene-4-ol
α-Terpineol
Myrtenol
γ-Terpineol
trans-2-Pinocamphonehydroxy
Linalyl acetate
Bornyl acetate
trans-Sabinyl acetate
Myrtenyl acetate
α-Copaene
β-Bourbonene
Longifolene
α-Gurjunene
(E)Caryophyllene
β-Copaene
α-Humulene
Alloaromadendrene
Germacrene D
Bicyclogermacrene
γ-Cadinene
δ-Cadinene
Elemol
Spathulenol
Globulol
Monoterpene hydrocarbons
Oxigenated monoterpenes
Sesquiterpene hydrocarbons
Oxigenated sesquiterpenes
Total identified
Total number of components
RI-retention index

RI
861
868
917
923
927
942
968
969
985
1001
1005
1013
1019
1023
1023
1025
1053
1086
1097
1103
1115
1131
1140
1155
1156
1165
1165
1167
1176
1187
1190
1196
1242
1249
1285
1290
1318
1371
1386
1399
1408
1412
1431
1446
1451
1480
1498
1504
1516
1540
1572
1583

H. officinalis
0.6
1.2
11.3
0.8
0.3
2.6
0.7
1.3
2.2
23.3
34.4
1.4
0.5
1.6
0.5
3.5
0.5
2.7
0.4
0.5
2.2
3.1
2.7
1.1
0.8
16.7
65.9
15.5
1.8
99.9
25

Essential oils
R.officinalis
0.2
0.1
11.5
4.6
0.1
8.2
1.0
0.2
0.1
0.1
1.2
2.8
43.8
0.9
0.2
0.5
12.5
0.5
3.0
0.6
1.5
0.4
1.1
0.1
0.2
3.9
0.4
0.1
0.1
31.2
63.9
4.8
99.9
29

S.officinalis
0.6
0.1
0.2
8.6
7.3
1.2
0.8
0.2
1.1
2.1
10.1
0.4
0.3
32.7
7.7
17.2
0.1
2.4
0.4
1.2
0.1
0.9
3.5
0.1
0.6
22.9
72.0
4.6
0.6
100.0
25
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Table 2. Antibacterial activity of essential oils from H. officinalis, R. officinalis, and S. officinalis (mg/ml)
#

Bacteria

H. officinalis

R. officinalis

S.officinalis

Curasept®

Hexoral®

Streptomicin

MIC

MBC

MIC

MBC

MIC

MBC

MIC

MBC

MIC

MBC

MIC

MBC

1

S. a

0.16

0.31

0.16

0.31

0.63

1.25

2.50

5.00

1.56

3.12

0.08

0.16

2

S. p

0.31

0.63

0.31

0.63

0.63

1.25

2.00

4.00

0.65

1.31

0.04

0.08

3

S. m

0.31

0.63

0.31

0.63

1.25

2.50

0.50

1.00

1.56

3.12

0.02

0.04

4

L. a

0.31

0.63

0.31

0.63

1.25

2.50

4.50

9.50

1.56

3.12

0.04

0.08

5

S. sl

0.16

0.31

0.16

0.31

0.63

1.25

2.00

4.00

0.78

1.56

0.01

0.02

6

S. sn

0.16

0.31

0.16

0.31

0.63

1.25

0.50

1.00

0.19

0.39

0.02

0.04

7

P. a

0.63

1.25

0.63

1.25

1.25

2.50

10.00

20.00

0.78

1.56

0.15

0.20

8

E. f

0.31

0.63

0.16

0.31

0.63

1.25

5.00

10.00

0.78

1.56

0.01

0.01

S.a – Staphylococcus aureus, S. p – Streptococcus pyogenes, S. m – Streptococcus mutans, L. a – Lactobacillus acidophilus,
S. sl – Streptococcus salivarius, S. sn – Streptococcus sanguinis, P. a – Pseudomonas aeruginosa, E. f – Enterococcus feacalis

Table 3. Antifungal activity of essential oils from H. officinalis, R. officinalis, and S. officinalis (mg/ml).
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Fungi
C.a. 1/1617
C.a. MH2
C.a. MH1
C.a. 4/30
C.a. 4/23
C.a. 2/7.4
C.a. 1/315
C.a.2/16
C.a. 2/20
C.a. 2d
C.a. 4/2.2
C.a. 7d
C.a. 1/27
C.a. Lj2
C.a. 2/8.12
C.a. 1/0407
C.a. 4/30
C.a. 2/23
C.a. 2/24
C.a. 5/30
C.a. Danc
C.a. 2/7.5
C.a. 10d
C.a. 1/31.7
C.a .5/7.4
C.a. 2/3.11
C.a. 2/212
C.a. 2/31.5
C.a. 3/16
C.a. 5/7.4
C.a. 1flak2

H. officinalis
MIC
MFC
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00

R. officinalis
MIC MFC
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.25
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.25
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00

S. officinalis
MIC
MFC
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25

Curasept®
MIC
MFC
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
5.00
10.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
12.50
25.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
12.50
25.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
5.00
10.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00

Hexoral®
MIC
MFC
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
1.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.25
2.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.25
2.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.25
2.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00

Flukonazol
MIC
MFC
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.0005
0.001
0.002
0.004
0.002
0.004
0.0005
0.001
0.0005
0.001
0.0005
0.001
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.001
0.002
0.0005
0.001
0.002
0.004
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.0005
0.001
0.002
0.004
0.001
0.002
0.0005
0.001
0.0005
0.001
0.0005
0.001
0.002
0.004
0.0005
0.001
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#
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Fungi
C.a. 4/3.12
C.a. 3flak1
C.a. 5/1617
C.a. 4/07
C.a. 4/23.11
C.a. 3/31.5
C.a. 1d
C.a. 1/16
C.a. d11
C.a. 4/16
C.a. MH4
C.a. 8/12.11
C.a. 1/12.5
C.a. cet1
C.a. 2/7.12
C.a. cet5
C.a. 1/20
C.a. 3/13
C.a. 2/21
C.a. 5/32
C.a. 4/20.12
C.a. 3/11
C.a. 7/16
C.a. 5d
C. k. 1flak1
C. g. 2/06
C. g. 6/23
ATCC 10231
ATCC 750

H. officinalis
MIC
MFC
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.13
0.25
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.25
0.50

R. officinalis
MIC MFC
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
1.00
0.25
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
1.00
0.25
1.00
0.25
0.50
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
1.00
0.50
1.00
0.25
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.50
1.00
0.25
0.50
0.25
0.50

S. officinalis
MIC
MFC
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.63
1.25
0.31
0.63

Curasept®
MIC
MFC
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
12.50
25.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
12.50
25.00
12.50
25.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
5.00
10.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
5.00
10.00
10.00
20.00
10.00
20.00
10.00
20.00
10.00
20.00
5.00
10.00

Hexoral®
MIC
MFC
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.25
2.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.25
2.50
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00
1.00
2.00

Flukonazol
MIC
MFC
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.0005
0.001
0.002
0.004
0.0005
0.001
0.0005
0.001
0.001
0.002
0.0005
0.001
0.0015
0.003
0.0015
0.003
0.0005
0.001
0.002
0.004

* C.a. – Candida albicans; C.k. – Candida krusei; C.g. – Candida glabrata;
ATCC (The American Type Culture Collection) 10231 – Candida albicans; ATCC 750 – Candida tropicalis.

Several articles report bactericidal effect of essential
oil of R. officinalis27, 28. The oil is presented as very
active in inhibiting the growth of S. aureus, E. coli, S.
typhimurium and L. monocytogenes due to its abundance
in monoterpenes (1,8-cineol, α- and β-pinene, camphor),
which contribute to the EO’s overall antibacterial
activity29. Earlier studies on antifungal activity of this
oil reported different results in comparison to ours; one
study30 showed moderate activity of oil to C. albicans and
C. krusei (inhibiting their growth in concentrations of 0.5
and 1 mg/ml, respectively), while in other investigations28
the oils from the same species originating from different
localities in Turkey, also showed moderate to weak
activity on C. albicans.
According to data from the literature31-33,
antibacterial potential of S. officinalis EO, tested in
vitro study, is very low; the lipophilic nature of some
constituents of the essential oils from Salvia species
resulted in a weak in vitro antibacterial activity as opposed

to in vivo tests which showed very good activity32. In
one study scientist compared the ability of C. albicans
to adhere to two permanent soft liners and examined the
effectiveness of alkaline peroxide-type denture cleansers
in disinfection of contaminated long-term soft lining
materials34. Since the mentioned cleaners could be toxic
and destructive, here we could suggest the testing of
natural products as an alternative.

Conclusion
In conclusion, present study shows that H. officinalis,
R. officinalis, and S. officinalis essential oils possess
broad-spectrum antimicrobial activity toward the oral
microorganisms involved in various oral infections and
diseases. The results of this study encourage the use of
tested EOs in development of a novel agent that can be

166 Miloš Nikolić et al.

used in prevention and therapeutic treatments of human
oral diseases. However, further in-depth study regarding
the efficacy and safety should be conducted, followed by
a number of clinical trials before the final product find its
place at pharmacy shelves.
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Caries Prevalence among 24 to 71-Month Old
Children from Banja Luka
SUMMARY

Obradovic M, Dolic O, Sukara S

Background: Despite the availability of a variety of preventive and
treatment modalities, caries in the early childhood remains a serious and
prevalent disease worldwide.
The aim of this study was to assess the prevalence of early childhood
caries (ECC) among 24 to 71-month old children who attended the Center
for preschool education Banja Luka, Republic of Srpska, Bosnia and
Herzegovina.
Material and Methods: This was a cross-sectional study. The whole
sample included 297 children of both genders. Caries status of each child
was recorded using the dmft index according to the WHO criteria.
Results: Two hundred ninety-seven children (138 girls and 159 boys)
24 to 71-month old were examined. The overall prevalence of dental caries
was 64.65%. Only 23 (7.74%) children had their teeth restored.
Conclusions: ECC prevalence among 24 to 71-month old children who
attended the Center for pre-school education in Banja Luka is very high,
but the problem is even greater because most of those caries lesions are
untreated.

Key words: Preschool children, Early childhood caries, dmft index,
Prevalence of dental caries

Introduction
Despite the availability of a variety of preventive and
treatment modalities, caries in early childhood remains a
serious and prevalent disease worldwide1-6. Unfortunately,
one of the possible reasons can be misconception about
primary teeth, because most of the people still think that
deciduous teeth are irrelevant to the child’s future oral
health and health in general.
However, the impact of oral health on the organism
in phase of growing and development is considerable.
Deciduous teeth are of a great importance for the
development of proper speech. Healthy primary teeth
promote good chewing habits and facilitate nutritious
eating. It has been shown that untreated dental caries
associated with discomfort/pain affected weight gain,
growth and the quality of life as well as the cognitive
development of a child7-9. Healthy primary teeth have
an impact on the positive social interactions, children’s
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self-esteem and promote confident smiles. Feitosa et al.10
reported that children with the severe dental caries in
the early childhood, stated more frequently that they felt
sad about their teeth, when compared to the caries-free
children. In addition, the parents or guardians of children
with caries reported that their children were ashamed to
smile because of their teeth, while some stopped playing
with other children for the same reason. Evidence also
indicates that complications of early childhood caries
(ECC) may result in lost workdays for the caregivers who
have to stay at home to take care of their children or spend
time and money to access dental care11.
Furthermore, one of the major functions of healthy
primary dentition is stimulation of jaw development
and the proper placement of permanent teeth in the
dental arches. Stahl and Grabowski12 found a significant
correlation between the prevalence of malocclusion and
caries in mixed dentition. It is also established that the
caries status in young permanent dentition is related to
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the corresponding status in the deciduous dentition13. One
of the best indicators for the development and caries risk
assessment is previous caries experience. Children with
caries in primary teeth are automatically classified into the
group of high caries risk in permanent dentition14.
The aim of this study was to assess the prevalence
of early childhood caries (ECC) among children (24 to
71-month old) who attended the Center for preschool
education in Banja Luka, Bosnia and Herzegovina.

Material and Methods
This was a cross-sectional study conducted among
preschool children who attended the municipality Center
for preschool education in Banja Luka, Bosnia and
Herzegovina. The study was approved by the Institutional
review board of the Faculty of Medicine, University
of Banja Luka. Written permission was obtained from
the general director of the Center. From the list of 19
facilities, 3 were selected via cluster sampling.
The whole sample included 297 24 to 71-month old
children (159 (53.53%) boys and 138 (46.47%) girls).
Children were subdivided according to the age into
younger kindergarten group (24 to 47-month old) - 113
(38.04%) children, and older kindergarten group (48 to
71-month old) - 184 (61.96%) children.
For the purpose of the study the research form
was designed. It consisted of three parts: the first part
contained questions related to generalities and parents’
educational level, the second part represented the dental
record and the third part was the informed consent.
Dental examination was performed under natural
light by a single calibrated researcher using a dental
mirror and explorer. Sterile gauze swabs were used to dry
teeth and to remove debris. No radiographs were taken for
any child. Dental status was recorded using the dmft index
according to the WHO criteria15.
For the purpose of this study, ECC was defined using
the AAPD criteria16, including the presence of one or
more decayed (cavitated lesion), missing (due to caries) or
filled teeth in primary dentition in a child younger than 71
months.
Data were analysed using the SPSS (Statistical
Package for Social Sciences) version 17. The chisquared test was used to test the association between two
categorical variables. Values of p<0.05 were considered
statistically significant.

aged 24 to 47 months and 77.17% for 48-71-month olds.
Only 35.35% of the examined children were caries-free.
Older children had more teeth affected. It was found
that 45.11% of them had 6 or more caries teeth (χ2 =
56.576; p <0.001) (Table 1). The mean dmft index for
the examined children was 3.94 and also increased with
the age (mean dmft=2.36 for 24-47-month old, 5.03 for
48-71-month old).
Table 1. Distribution of the dmft index acording to children`s age
Age of respondents
*dmft

24 - 47 month
old

48 - 71
month old

∑

N

%

N

%

N

%

0

63

55.75

42

22.83

105

35.35

1

11

9.73

12

6.52

23

7.75

2-3

12

10.62

30

16.30

42

14.14

4-5

12

10.62

17

9.24

29

9.76

6≤

15

13.28

83

45.11

98

33.00

∑

113

100.00

184

100.00

297

100.00

*dmft - d (decayed), m (missed), f (filled), t (teeth)

Only 23 (7.74%) children had their teeth restored
(filled), and 9 (3.03%) had teeth extracted due to caries
complications. No significant differences between
younger and older kindergarten group were found
regarding the prevalence of restored (χ2 = 6.828, p>0.05)
and extracted teeth (χ2 = 5.329, p>0.05) (Table2).
Table 2. Distribution of children according to tooth extraction/
restoration
Age of respondents
24 - 47
month-old
N

%

48 - 71
month-old
N

%

∑
N

%

Children with extracted teeth due to caries
Yes

1

0.88

8

4.35

9

3.03

No

112

99.12

176

95.65

288

96.97

∑

113

100.00

184

100.00

297

100.00

Children with restored (filled) teeth

Results
The overall prevalence of the ECC in the sample was
64.65%. The prevalence of caries was 44.25% for children

Yes

3

2.65

20

10.86

23

7.74

No

110

97.35

164

89.14

274

92.26

∑

113

100.00

184

100.00

297

100.00
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The most affected teeth were mandibular molars.
One hundred seventy-four respondents (58.58%) had at
least one affected lower molar. One hundred thirty-six
(45.79%) children had cavities on maxillary molars, while
85 (28.61%) and 26 (8.75%) had ECC on maxillary and
mandibular frontal teeth.
No significant differences in ECC prevalence were
found regarding the gender (χ2 = 2.825, p>0.05, Figure 1),
or mothers’ (χ2= 7.774, p>0.05) and fathers’ (χ2= 10,642,
p>0.05) level of education (Figure 2).

Figure 1. Distribution of children with ECC according to the gender

Figure 2. Distribution of children with ECC according to parent’s
education

Discussion
The beginning of the institutionalized work with
children of preschool age in the city of Banja Luka
began in 1949. Today, the public center for pre-school
education in Banja Luka works on the principle of unified
network of 19 facilities in different localities of the city.
Approximately 2000 of children, which is 20% of the total
number of pre-school children, is attending this pre-school
institution. Despite the great importance of deciduous
dentition, caries in primary teeth remains a serious
concern in Banja Luka.
Many researches from developed countries
showed a decline in prevalence of dental caries in
permanent dentition17-19, but there is still no reliable data
concerning caries prevalence in the primary dentition. A
comprehensive review that included studies from Europe,
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Africa, Asia, the Middle East and North America revealed
that the prevalence of ECC in socially disadvantaged
groups globally could be as high as 70%5.
Nilza et al.20 found that among 8-48-month old
children in India, ECC prevalence amounted 44%. The
pooled national prevalence of the dmft index in China
was found to be 65.5%21. Schroth et al.6 reported the
overall prevalence of the ECC of 53.7% in Manitoba
communities, which corresponds to our results. On the
other hand, lower caries prevalence (20%) was found
in Brazilian 3-4-year old preschoolers who attended
municipal kindergartens22.
In the present study, the average number of affected
teeth increased with the age. Close to our result, the mean
dmft in Canadian children under six years of age was 4.2
6. Especially high caries prevalence in primary teeth was
recorded in six-year old children from rural North-Eastern
Greece area (mean dmft=5.49)23. On the other hand, lower
incidence was found in five to six-year old children from
England (dmft=1.47), Wales (dmft=2.38), and Scotland
(dmft=2.16)24. It was particularly surprising that, despite
the existing pathology among young children in Banja
Luka, little was done respecting the dental treatment.
The most affected teeth were mandibular molars,
followed by maxillary molars, and the least vulnerable
were mandibular frontal teeth. Multiple explanations can
be given for such findings. Specific morphology of molars
with pits and fissures and proximal contacts contribute to
their vulnerability. On the other hand, mandibular incisors
are guarded by the tongue and are constantly bathed
in saliva. This may also be the reason for lower caries
involvement of maxillary molars, which are closer to the
excretory duct of the parotid salivary gland. Khan et al.25
revealed that, in preschool children, mandibular first molars
were the most caries affected teeth, followed by mandibular
second molars and maxillary central incisors. Even in
permanent dentition, Manji and Fejerskov26 reported that
mandibular molars were the most severely affected teeth.
This investigation showed no differences in the
prevalence of ECC with respect to the level of parents’
education. There is no systematic oral health education
of parents in Banja Luka, so awareness of importance
of dental health seems to be very low, regardless the
educational level. Schroth et al.6 also demonstrated that
ECC was not related to the educational level of caregivers.
Opposite results have been reported by Filstrup et al.9
who demonstrated that parental education was often an
indicator of the ECC.

Conclusions
Despite the fact that the Health Insurance Fond of
Bosnia and Herzegovina covers full costs of dental care
for children younger than 15-years, the ECC prevalence
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is extremely high. The problem is even greater, because
most of the lesions are untreated. The solution should
be sought in oral health promotion and raising parental
awareness about the importance of preserving the health
of deciduous teeth.

16.

17.

References
1.

2.
3.

4.

5.

6.
7.
8.
9.
10.
11.
12.
13.

14.
15.

Tusek I, Carevic M, Tusek J. The presence of early
childhood caries among the members of different ethnic
groups of the South Backa District. Vojnosanit Pregl, 2012;
69:1046-1051.
Tusek I, Carevic M, Tusek J. Influence of social
environment on caries prevalence in early childhood. Srp
Arh Celok Lek, 2011; 139:18-24.
Holt K, Barzel R, Bertness J. It shouldn’t hurt to be a child:
Preventing Early Childhood Caries (ECC). Washington
DC: National Maternal and Child Oral Health Resource
Center. 2016. Available at: http://mchoralhealth.org/PDFs/
eccfactsheet.pdf. Adopted: 2016 June 26.
Priyadarshini HR, Hiremath SS, Puranik M, Rudresh SM,
Nagaratnamma T. Prevalence of early childhood caries
among preschool children of low socioeconomic status in
Bangalore city, India. J Int Soc Prevent Communit Dent,
2011; 1:27-30.
Masumo R, Bardsen A, Mashoto K, Astrom AN. Prevalence
and socio-behavioral influence of early childhood caries,
ECC, and feeding habits among 6–36 months old children in
Uganda and Tanzania. BMC Oral Health, 2012; 12:24.
Schroth RJ, Moore P, Brothwell DJ. Prevalence of early
childhood caries in 4 Manitoba communities. J Can Dent
Assoc, 2005; 71:567.
Sheiham A. Dental caries affects body weight, growth and
quality of life in pre-school children. Brit Dent J, 2006;
201:625-626.
Ratnayake N, Ekanayake L. Prevalence and impact of oral
pain in 8-year-old children in Sri Lanka. Int J Paediatr Dent
2005; 15: 105–112.
Filstrup S L, Briskie D, da Fonseca M et al. Early childhood
caries and quality of life: child and parent perspectives.
Pediatr Dent, 2003; 25:431-440.
Feitosa S, Colares V, Pinkham J. The psychosocial effects of
severe caries in 4-year-old children in Recife, Pernambuco.
Braz Cad Saúde Pública, 2005; 21:1550-1556.
Pahel BT, Rozier RG, Slade GD. Parental perceptions of
children’s oral health: the Early Childhood Oral Health Impact
Scale (ECOHIS). Health Qual Life Outcomes, 2007; 30:5:6.
Stahl F, Grabowski R. Malocclusion and caries prevalence:
is there a connection in the primary and mixed dentitions?
Clin Oral Invest, 2004; 8:86-90.
Skeie MS, Raadal M, Strand GV, Espelid I. The relationship
between caries in the primary dentition at 5 years of age and
permanent dentition at 10 years of age–a longitudinal study.
Int J Paediatr Dent, 2006; 16:152-160.
Alm A, Wendt LK, Koch G, Birkhed D, Nilsson M.
Caries in adolescence – influence from early childhood.
Community Dent Oral Epidemiol, 2012; 40:125-133.
Global Oral Health – CAPP: Dentition status and Criteria
for diagnosis and coding (Caries). Pages 39-44. Extracts for

18.

19.

20.
21.

22.

23.

24.

25.

26.

the Forth edition of „Oral Health Surveys-Basic Metods“.
Geneva 1997.
American Academy of Pediatrics Dentistry (2011).
Policy on Early Childhood Caries (ECC): Classifications,
consequences and preventive strategies. Retrieved from:
http://www.aapd.org/media/Policies_
Guidelines/P_
ECCClassifications.pdf. Adopted: 2016 June 26.
Jordan AR, Becker N, Jöhren HP, Zimmer S. Early
Childhood Caries and Caries Experience in Permanent
Dentition: A 15-year Cohort Study. Swiss Dent J, 2015;
126:114-125.
Dye BA, Thornton-Evans G, Li X, Iafolla T. Dental caries
and tooth loss in adults in the United States, 2011-2012.
US Department of Health and Human Services, Centers for
Disease Control and Prevention, National Center for Health
Statistics; 2015.
Waltimo T, Menghini G, Weber C, Kulik EM, Schild
S, Meyer J. Caries experience in 7-, 12-, and 15-yearold schoolchildren in the canton of Basel-Landschaft,
Switzerland, from 1992 to 2011. Community Dent Oral
Epidemiol, 2016; 44:201-208.
Nilza MER, Manoel ASR. Breastfeeding and early childhood
caries: a critical review. J Pediatr, 2004; 80:199-210.
Zhang X, Yang S, Liao Z, Xu L, Li C, Zeng H, Song J,
Zhang L. Prevalence and care index of early childhood
caries in mainland China: evidence from epidemiological
surveys during 1987–2013. Sci Rep, 2016; 6:18897.
de Santos Junior VE, de Sousa RM, Oliveira MC, de Caldas
Junior AF, Rosenblatt A. Early childhood caries and its
relationship with perinatal, socioeconomic and nutritional risks:
a cross-sectional study. BMC Oral Health, 2014; 14:471.
Sapourides D, Topitsoglou V, Muronidis S, Kotsanos N.
Caries experience among Greek Pomak children living in
rural north-eastern Greece. A Cross-Sectional Study. Balk J
Stom, 2011; 15:15-23.
Pitts NB1, Boyles J, Nugent ZJ, Thomas N, Pine CM.
The dental caries experience of 5-year-old children in
Great Britain (2005/6). Surveys co-ordinated by the
British Association for the study of community dentistry.
Community Dent Health, 2007; 24:59-63.
Khan NB, Al-Ghannam NA, Al-Shammary AR, Wyne AH.
Caries in primary school children: prevalence, severity
and pattern in Al-Ahsa, Saudi Arabia. Saudi Dent J, 2001;
13:71-74.
Manji F, Fejerskov O. An epidemiological approach
to dental caries. In: Thylstrup A, Fejerskov O, editors.
Textbook of Clinical Cariology. Copenhagen: Munksgaard,
1994: pp.159-191.

Received on June 7, 2016.
Revised on August 6, 2016.
Accepted on October 2, 2016.

Corresponding author:
Marija Obradović
Bulevar Vojvode Petra Bojovića 1a
78 000 Banja Luka
Phone: +38765646251
E-mail: o.marija@yahoo.com

BALKAN JOURNAL OF DENTAL MEDICINE

GI
CA
L SOCIETY

10.1515/bjdm-2016-0028

ISSN 2335-0245

LO
TO
STOMA

Personalized Digital Smile Design for Predictable
Aesthetic Results
SUMMARY

Georgi Iliev

Nowadays in the aesthetic dentistry concepts, techniques, and
materials which aim is to establish new smiles with minimally invasive
approaches and maximum natural effect on the restorations and in the
same time to restore the mastication and phonetics for a better quality of
life are used. However, the patient’s demands and the level of information
has driven the profession to a certain questioning respecting the treatment
customization especially those related to treatment planning according to
the individual psychological characteristics of each patient, that if ignored,
may lead to esthetically dissatisfaction, even though all the esthetic rules
which tend to establish standards were incorporated.
The purpose of this article is to show that besides the esthetic rules
established throughout the time, the emotional expression of the treatment,
represented by the shapes and lines constituent of a smile, should also be
taken into consideration during the treatment planning. Softwares for
personalized smile design could be powerful tool for planning such new
smile designs.
Key words: Digital Smile Design, Visagism, Personalized Design, Porcelain Veneers

Introduction
For achieving an optimal aesthetic result of the
dental treatment, we need to create a suitable smile
design1. It is extremely important to correctly diagnose
teeth proportions before an irreversible restorative dental
procedure is done2.
By creating a smile design we are building a
conception of perception by which we are trying to
satisfy the patients’ perception for esthetic. Unfortunately,
the concept we recommend often differs from the
expectations of the patient which can cause unexpected
obstacles in realizing the treatment plan. The attempts to
create the individual dental composition in accordance
with the requirements and expectations of the patient
may be in a conflict with the hypothesis that standardized
esthetic conceptions of beauty inculcated in literature3.
The concept of “visagism” may help the
dentists to do restorations that correspond not only to
the esthetic but also to the psychological features of
the created image which affects the emotions, identity,
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behavior and confidence of the patient. On the other
side, these factors affect the way the patients react to the
definite treatment4.
These concepts recently have been applied in
software such as “Visagismile” which can help clinicians
to change the smile design.

Case Report
Twenty-eight-year old woman came to the office
with a request to change the look of her smile. The main
concern of the patient was the position of the rotated and
inclined lateral upper incisors. Several photographs were
taken to be used as a guideline through the treatment plan.
Full face picture with maximum smile and visible
dentition along with intraoral pictures were taken (Fig.
1-5) to be used for digital analysis. Impressions of upper
and lower jaw and bite registration were taken also for
study models and wax-up technique.
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Figure 5. Intraoral view of upper teeth before treatment

Figure 1. Preoperative full face picture with maximum smile

Besides analysis of patient’s smile and dentition,
several additional factors were taken into consideration.
The axis of the central incisors was inclined slightly
distally. The space between the incisors and canines was
narrow and not enough for positioning of a lateral incisor
with normal shape and proportions. Slight rotation of
canine and inclination of the first premolar from the right
side were observed. The level of the gingival margin in
the front teeth was harmonious and normally positioned.
The objective of the treatment was to achieve a
natural look and pleasing smile which fulfils not only the
aesthetic requirements, but also emphasizes the identity of
the patient. The main aesthetic challenge of this case was
to achieve the proper shape and proportions of the anterior
teeth and to stay minimally invasive and conservative5.

Figure 2. Extraoral frontal view before treatment

Digital planning and diagnostic wax-up

Figure 3. Extraoral right view before treatment

In order to create a personalized smile design, we
used the “visagism” concept4,6. Visagism in aesthetic
dentistry is associated with assessment of the facial type,
which involves subjective judgment, time consuming
personality test and also complex calculations of the teeth
configuration. We used the “Visagismile” software. It is
an application which eliminates the subjective judgment,
automates all the calculations and visualizes in the final
result – the optimal teeth configuration.
Two main photographs were needed: one fullface with maximal smile and visible teeth and the other
photograph of the upper jaw with retracted lips and black
contrasting tool. The photograph in full-face with maximal
smile was uploaded in “Visagismile” software and
automatically placed behind the facial frame. By marking
the landmark points on the image, the software analyzed
the face structure and calculated the proportion of strong,
dynamic, sensitive and calm face expression (Fig. 6).
The optimal tooth shape was determined by an
interview (questionnaire in the software). Based on
the data from the interview, a software algorithm
automatically calculates the temperament, as perceived by
the patient. The temperament is a combination of strong,
dynamic, delicate and calm. Combination of tooth shapes
conformed to individual characteristics of the patient are:
strong (rectangle), dynamic (triangle), sensitive (circle),
calm (square) (Fig. 7)7.

Figure 4. Extraoral left view before treatment
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the construction of the new smile design in accordance
with the psychodentofacial harmony of the personality
(Fig. 8).
The received data were exported in PDF or PNG file
containing both graphic image of generated design and
detailed information of sizes, correlations, inclines and
shapes of teeth and the whole composition and sent to the
dental technician to make a diagnostic wax-up according
to those references.

Figure 6. Facial map with landmark points and type classification

Guided preparation
The main challenge in this case was to expand the
arch so the space for the normal and proportional laterals
could be realeased. By adding the volume on the central
incisor and positioning them more vestibulary we could
expand the arch and be minimally invasive (Fig. 9 & 10).

Figure 7. Personality interview

Figure 9. Diagnostic wax up (frontal view)

Figure 8. Final design with detailed analysis summery

Figure 10. Diagnostic wax up (occlusal view)

The patient was also asked to provide her preferences
about the desired teeth design which was also included
in the calculation of the optimal teeth configuration. The
preferences include characteristics of the teeth related to
their color, texture and shape.
According to the face reading, the software
calculated main parameters of the individual smile
frame: the incisal projection, the tooth inclination and
the dominance8. The integration was determined by the
interview, tooth shapes conformed to the personality of
the patient along with the patient’s choice, and finished

The first composite mock-up was based on the
diagnostic wax-up. A self-curing composite material was
injected into a silicon key and inserted on the unprepared
teeth (Fig. 11). This first mock-up served as a motivational
and communicational tool with the patient showing and
explaining all the changes that can be made as the desired
final outcome5,9,10. New full-face and intraoral pictures
were made and all the changes were discussed with the
patient by comparing the relevant before and after mockup pictures. After the patient acceptance of the treatment,
subsequent steps were planned.
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Figure 14. Finished preparations
Figure 11. First mock up

The treatment started with the placement of a second
mock which served as a prosthetic preparation guide11,12.
The wax-up design allowed us to do the preparations
almost entirely within the enamel13. Burs with 1.2 mm
diameter were used for the initial preparations. By
cutting furrows with the depth of 0.6 mm (one half of the
diameter of the bur), controlled withdrawal of the mockup was performed (Fig. 12 & 13).

Provisional restorations were made chair-side with
the same silicon key and the composite material used
for the mock-up without any adhesive procedure. Four
pressed lithium disilicate veneers were fabricated in the
laboratory. During the fabrication of the restorations, the
shape and proportions were determined by a silicon key
made from the accepted wax-up.
The final porcelain veneers were bonded on the
central and lateral incisors according to the usual protocol.
The restorations were adapted almost invisible to the
adjacent natural teeth. The function and phonetics were
undisturbed. The integration of the restorations according
to the face, smile frame and the patient expectations were
overwhelming (Fig. 15-19).

Figure 12. Preparation through the mock up

Figure 13. Preserved enamel after removing the mock up
Figure 15. Extraoral view after the treatment

After the initial preparation was completed, a single
cord was placed and overall light chamfer reduction
was made. The entire enamel was preserved during
the preparation. The shallow chamfers were created
slightly supragingivally. At the interproximal areas,
the margins of the laterals were defined beyond the
contact points to create a proper emergency profile of
the future restorations. The preparations were finished
with polishing discs and silicon rubbers (Fig. 14). After
that, one stage PVS impression was taken and sent to the
technician together with the description of the design from
“Visagismile” software.

Figure 16. Accurate smile frame position of the new veneers (frontal view)
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Figure 17. Extraoral right view after the treatment

Figure 18. Extraoral left view after the treatment
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harmony” according to which there was a high correlation
between the shape of the face and the shape of maxillary
incisors15. This theory also lost its topicality nowadays, as
many studies proved that such correlation is irrelevant and
did not exist7, 16-21.
Later Frush and Fisher have created “Dentogenic
theory” which describes the relation of the face with
the teeth paying attention to the sex and other personal
characteristics22. The theory has been disproved quickly
which highlighted the complexity of choice of appropriate
tooth shapes in a dentofacial harmony19,23.
Collecting
diagnostic
information
from
questionnaires or checklists may not be an appropriate
method. In most cases incorrectly interpretation may
mislead the clinicians in building the final design3. It is
difficult for patients to define the desired tooth shape
considering only an isolated scheme or picture. The
clinicians build their notions based on the environment
and choose the most probable result as it is the easiest to
be imagined24.
The digital smile design is a tool which can
significantly improve the visual communication with the
patient and achieve predictable clinical results9. There are
different techniques for building the digital smile design
based on the main esthetic principals and rules. However,
the final esthetic result of the treatment could not satisfy
the expectations of the patient because of disharmony
between the smile design and the patient’s personality4.
The “Visagismile” software has been created by
combining the principles of visagism and based on own
mathematical and statistical proven laws. Combination of
patient’s individuality and temperament with the objective
characteristics of his/her face are the main principles of the
conception for the creation of personalized smile design.

Conclusion
Figure 19. Perfect marginal adaptation and gingival support of the
veneers

Current esthetic software such is Visagismile can
help the clinicians to provide new smile design that
affects patient’s emotions, sense of identity, behavior, and
self-esteem. Combining the modern digital technologies
with the classic treatment rules can be used to achieve
predictable esthetic results.

Discussion
The position, shape, proportions and the color of
the maxillary frontal teeth are of significant importance
for the esthetic result of the dental treatment. The
determination of the teeth shape according to the
temperament was firstly proposed by White in 188414.
The theory lost its popularity without undisputed scientific
proofs in 1914. Williams proposed the so-called “low of
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Surgical Approach to Dentigerous Cyst with
Protection of the Inferior Alveolar Nerve
SUMMARY

Aim: To stress the importance of surgical planning when treating large
dentigerous cysts.
Case Report: In a routine radiographic examination, a dentigerous
cyst was revealed in a 20 years old male. A surgical approach that ensured
the integrity of the inferior alveolar nerve (IAN) was applied. The incision
was exceeded to the mesial surface of the first molar in order to create
adequate surgical field and visibility. The final result was that the exposed
nerve was protected successfully.
Conclusion: This case shows the necessity of a meticulous preparation,
even in routine operations.

Key words: Dentigerous Cyst, Enucleation, Inferior Alveolar Nerve, Impacted Lower Molar

Introduction
Dentigerous cyst is an epithelial-lined developmental
cavity that encloses the crown of an unerupted tooth at
the cement-enamel junction1,2. Dentigerous cysts are the
second most common odontogenic cysts after radicular
cysts, accounting for approximately 24% of all true cysts
in the jaws3.
These lesions are becoming larger with osmotic
pressure that is beard at cyst’s wall itself, and it is
transferred to the environmental bone. That has as a result
the absorption of bone. Usually this cyst type can be
found united with unerupted third lower molars and upper
canines. They are asymptomatic and they are diagnosed
on routine radiographs, or during clinical examination
disclosing that these teeth are not erupted in the oral
cavity at the appropriate time. In some cases if they reach
sizes, they may penetrate the lamina dura and come in
contact with the oral flora.
Radiographs show the cyst as a monocular fine
(clarificant area) with clear boundaries that surrounds the
tooth’s crown to the limit of enamel-cement border.
When cyst has big dimensions it makes difficult
surgical ablation, especially when it is near at noble
structures as the inferior alveolar nerve.
This article shows a case of dentigerous cyst in the right
side of the mandible, which surrounded the third molar. The
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cyst was enucleated, the unerupted molar surgically removed,
and the inferior alveolar nerve protected.

Case Report
A twenty-year-old patient was examined in a
routine consultation. A panoramic radiography was
taken, in order to detect unerupted third molars. The
radiography revealed four impacted third molars. The
right mandibular molar was surrounded by a dentigerous
cyst reaching the distal root of the first mandibular molar.
The floor of the lesion was so close to the mandible
margin, giving the impression that the inferior alveolar
canal was disappearing (Fig. 1). As patient refused conebeam computed tomography, the overall management
of the case was based upon clinical and radiological
examination. The patient was free of symptoms and
no sign of paresthesia of the inferior alveolar nerve was
detected. Pulp tests for vitality of the first and second
mandibular molars were positive. The plan was to remove
the cyst by enucleation and simultaneously extract the
mandibular third molar. The operation was based on the
basis of minimal invasive technique with protection of the
inferior alveolar nerve and of the lingual nerve as well.
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nerve. After enucleation of the dentigerous cyst, the
inferior alveolar nerve was liberated from the suppression
of the lesion and was clearly visible in the bottom of the
bony cavity. The overlying mucosa was sutured with a
simple intermittent suture, using silk 3-0. Postoperatively,
the patient left given a prescription of antibiotics and
analgesics.

Figure 1. Radiographic appearance of the impacted tooth surrounded by
a large dentigerous cyst

The incision was done similarly to the routine
incision for surgical removal of impacted third molars,
with a slight difference - due to the fact that the cystic
lesion was large enough to reach the roots of the first
mandibular molar, the incision was drawn to the proximal
aspect of the crown of the first molar. This approach
assured the integrity of bone underneath the detached
mucosa at the end of the operation exactly at the line of
suturing (Fig. 2).

Figure 3. After elevation of the mucoperiosteal flap, the tooth is visible
behind the cystic sac

Figure 4. The crown of the tooth is clearly visible
Figure 2. Vertical incision is designed till the mesial aspect of the first
molar

After elevation of a triangular mucoperiosteal flap,
the bone was exposed in the area of retromandibular
triangle. Removing a considerable amount of bony
substance, the cystic sac became visible. Within the cyst
was the crown of the unerupted third right mandibular
molar. A bony window was created in order to remove the
impacted molar, along with the surrounding cyst (Figs.
3-5). The tooth was removed first and thfe enucleation
of the cyst was performed at the end of the procedure.
Special care was taken during the manipulations in order
to preserve the integrity of the underlying inferior alveolar

Figure 5. The removed wisdom tooth along with the cyst
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Discussion
A dentigerous or follicular cyst is the most common
type of developmental cyst of the jaws. It develops
by accumulation of fluid between the reduced enamel
epithelium and the crown of the tooth, or between the
layers of the reduced enamel epithelium4. The formed cyst
grows in size as a result of increased osmotic pressure
within the cyst lumen, which causes expansion and
bone resorption. The cyst is most commonly associated
with impacted third molars and maxillary canines
and is frequently attached to the tooth at the cementenamel junction. It is usually asymptomatic and often
discovered when assessing delayed eruption of a tooth,
but can sometimes become very large and cause cortical
bone expansion and perforation. Radiographically,
a dentigerous cyst is a well-defined, unilocular or
occasionally multilocular radiolucency associated with the
crown of an unerupted tooth.
Treatment consists of removal of the associated
tooth and enucleation of the cyst. However, if the lesion is
associated with an unerupted permanent tooth or it affects
a large portion of the jaw, decompression and irrigation
allow the cyst to shrink and the tooth to erupt.
In order to perform a radical operation - enucleation
of the cyst along with the impacted tooth removal - there
must be a planning that ensures adequate access to the
operative field and preservation of the inferior alveolar
nerve. As this operation is not a simple case of impaction,
but a complicated surgical procedure due to the large
cystic lesion that envelopes the impacted tooth, like in the
case presented at figure 1, a special planning is necessary.
According to this plan, a longer incision and a broader
flap were performed in order to fulfill the following
criteria:
A. Adequate bone support following surgery for correct
suturing;
B. Protection of all gentle anatomical structures (IAN,
adjacent teeth etc.);
C. Radical removal of dentigerous cyst.
In order to accomplish adequate bone support
following surgical excision of a dentigerous cyst, the flap
must be broader and more extended than the flap used
in the routine removal of an impacted third molar. The
incision must be at least 1 cm away from the calculated
line limit of the cystic cavity. In this case, the incision
line was performed in the respected tissues just under
the mesial part of the crown of the first mandibular
molar (Fig. 2). This approach enhanced the operative
manipulations during the cyst enucleation and the third
molar removal, and provided enough bone support for a
correct suturing.
A very crucial part of intraoral removal of impacted
third mandibular molars is the protection of the noble
structures of the mandible as are the inferior alveolar
nerve and the lingual nerve. The inferior alveolar nerve is
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at risk of damage during removal of lower third molars,
apicectomy of lower premolars and molars, placement
of intraoral implants and soft- tissue surgery around the
mental foramen, especially in the elderly where the mental
nerve may lie at or close to the alveolar crest. The lingual
nerve is at risk during surgical removal of lower third
molars, the placement of intraoral implants and incisions
in the floor of the mouth for the removal of submandibular
duct calculi, biopsies etc5.
The incidence of transient inferior alveolar nerve
damage following lower third molar removal varies
between 1.3% and 7.8%. Between 0.5% and 1% of all
lower third molar extractions result in permanent damage
to the inferior alveolar nerve. Following lower third
molar extraction, the incidence of permanent lingual
nerve sensory disturbance necessitating nerve repair lies
between 0.3% and 0.8%. According to our protocol, the
patient was informed before the operation and he signed a
document of consent.
To protect the inferior alveolar nerve, a clear view
of the operative field is mandatory. The performed flap in
this case acquired this necessity. The existence of a large
dentigerous cyst in the area displaced the nerve bundle
to the lower part of the mandible. The first part of the
operation, the removal of the impacted third mandibular
molar, was easy since the nerve was far away at the
bottom of the lesion. After the removal of the tooth, the
cystic membrane was detached gently and patiently until
the whole cyst was enucleated. Immediately after the cyst
removal, the inferior mandibular nerve was liberated and
returned to its natural position, which was in the bottom of
the created surgical cavity (Fig. 6). The patient was free of
symptoms and only an expected swelling in the area was
noted in the early postoperative period.

Figure 6. The inferior alveolar nerve lying at the bottom of the cavity,
liberated immediately after the removal of the cystic lesion

Balk J Dent Med, Vol 20, 2016

Dentigerous cysts maybe managed generally by two
methods:
1. Enucleation with removal of the tooth in the same
procedure;
2. Marsupialization as an initial procedure with
possible removal of the tooth at a later date.
Marsupialization can be chosen when cysts are
associated with the crowns of teeth that the surgeon
wishes to preserve and when teeth are near the surface
and have a possibility to erupt. Another reason for
marsupialization is the possible risk to damage the inferior
alveolar nerve or a jaw fracture, especially in very large
cysts with a large absorption of the jaw bone6,7. In this
case reported the size of the cyst that was approximately 4
cm in diameter and the fact that the third molar had to be
extracted along with the cyst removal, made the choice of
enucleation the most appropriate.
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Preprosthetic Laser Assisted Mandibular Vestibuloplasty
SUMMARY

A prosthetic treatment of the edentulous mandible can be very
challenging. In cases with inadequate buccal depth, a necessary deepening
of the oral vestibule can be achieved by surgically detaching the soft tissue
attachments. A preprosthetic vestibuloplasty is usually done surgically
by scalpel. With the permanent advancement of laser technology, a laser
vestibuloplasty has become a preferred surgical procedure. The aim of this
report was to present individuality of a mandible vestibuloplasty performed
with Er.YAG laser.
A 69-year-old patient was referred to the University Department of oral
surgery after several previous unsuccessful attempts to stabilize his lower
denture. The intraoral assessment revealed complete mandibular edentulism
and a shallow vestibule with sufficient bone height in the anterior region.
Since the patient’s financial resources precluded dental implants, mandible
anterior vestibuloplasty was planned to deepen the vestibule thus increasing
the anatomic basis for prosthetic rehabilitation. The vestibuloplasty was
performed with Er-Yag Laser (Fotona Fidelis III). The laser ablation started
at the mucogingival junction. The soft tissue bands were ablated layer by
layer till the desired vestibular depth was achieved. There was no need for
suturing. No protective barrier was placed. The postoperative recovery was
symptomless, without pain, oedema, or signs of infection. Four weeks after
surgery, the healing process was completed and sufficient anterior vestibular
depth was gained and maintained. Er.YAG laser assisted vestibuloplasty
was a minimally invasive surgical procedure. The fast healing with minimal
scarring resulted and a sufficient vestibular depth was gained.

Keywords: Mandibular Vestibuloplasty, Er.Yag Laser, Preprosthetic Surgery

Introduction
A prosthetic treatment of edentulous mandible can
be very challenging. Inadequate buccal or lingual depth
in the mandible is one of the main circumstances that
preclude optimal prosthetic rehabilitation. In edentulous
mandibles with high mucosa insertion preprosthetic
surgery is indicated. Vestibuloplasty is a surgical
procedure wherein the oral vestibule is deepened by
changing the soft tissue attachments on the buccal and/or
lingual aspects of the jaw1-3.
A variety of conventional vestibuloplasty techniques
have been advocated in the literature. The most
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common was Kazanjian′s technique by supra-periosteal
dissection and its modifications. Other techniques
include submucosal vestibuloplasty and soft tissue
grafting procedures4. There are several shortcomings
of the conventional techniques, such as the exposed
large wound surface, pain and discomfort, followed by
prolonged postoperative healing. Sometimes, the exposed
surface heals by granulation and contracture of the
wound margins takes place5. Consequently, the prosthetic
rehabilitation is postponed till completion of the healing
process, which can be unpredictable.
The advent of new technologies with introduction
of lasers in dentistry have enabled practitioners to use
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various types of lasers (diode laser, Er.YAG, Nd.YAG)
for vestibuloplasty procedures6. Laser vestibuloplasty
with the Er.YAG laser represents a contemporary noninvasive alternative to conventional soft tissue surgery.
Tissue ablation with erbium laser was first described by
Venugopalan7. At a wavelength of 2.94 µm the Er:YAG
laser has the highest specificity for water absorption of all
the mid-infrared lasers. The high water content in oral soft
tissues makes this laser a useful tool in oral soft surgery,
while the finest low pulse energy and high repetition
rates makes erbium an extremely precise tool suitable for
delicate procedures8.
The aim of this report was to present individuality of
a mandible vestibuloplasty performed with Er.YAG laser.

laser safety glasses were worn by the clinician and the
patient, and proper precautions were taken.
Mandibular anterior vestibuloplasty was performed
with Er.YAG Fotona Fidelis III (Fig. 2), a non-contact
hand piece R02, short pulse mode (SP), pulse energy of
200 mj, and frequency of 2 Hz, without water and air
spray (Tab. 1).

Patient’s Presentation
A 69-year-old patient was referred to the University
Department of oral surgery after several previous
unsuccessful attempts to stabilize his lower denture.
The intraoral assessment revealed complete mandibular
edentulism and a shallow vestibule with sufficient bone
height in the anterior region (Fig. 1). Since the patient’s
financial resources precluded dental implants, mandible
anterior vestibuloplasty was planned to deepen the
vestibule thus increasing the anatomic basis for prosthetic
rehabilitation.

Figure 2. Fotona Fidelis III laser

Table 1. Laser parameters
Laser source

Figure 1. Preoperative view of the shallow mandibular anterior vestibule

The patient was a diabetic, with a glucose level of 6.5
mmol/l, measured on the day of surgery.

Surgical Procedure
Local anaesthesia of the surgical field was achieved
with bilateral mental blocks with 3% scandonest. Necessary
laser protective equipment was ensured, comprising that

Er:YAG (2940 nm)

VSP mode

SP, LP

Pulse energy

200 mJ

Frequency

2 Hz

Hand piece

R02

Water/air spray setting

None

The laser ablation started at the mucogingival
junction (Fig. 3). The soft tissue bands were ablated
layer by layer by moving the laser tip across the tissue
surface till the desired depth was gained, simultaneously
pulling the lower lip outwards (Fig. 4). After lasing, the
area was coagulated, with defocused VLP mode (Fig. 5).
The patient was advised to avoid sour beverages, and to
take pain medications if necessary. Postoperative follow
ups were made on a weekly basis, until the healing was
completed (Fig. 6).
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Figure 3. Intraoperative view - ablation at the mucogingival junction

Figure 4. Surgery in progress. Deeper tissue layers exposed

Figure 5. Completed vestibuloplasty with evident subsided bleeding

Figure 6. 4 weeks after surgery the healing was completed. Sufficient
vestibular depth with a noticeably delicate scar

Prosthetic rehabilitation of an edentulous mandible
can be a delicate procedure when proper vestibule
depth is absent. Because of the painful and prolonged
healing following conventional vestibuloplasty, a laser
vestibuloplasty with Erbium:YAG is recommended6.
When used in oral soft tissue surgery, the Er:YAG laser
targets the chromophore of water selectively instead
of the extracellular matrix of collagen. This produces
an instantaneous vaporization of the water to a depth
of about 4 µm per pulse7. The laser optical energy
is converted to local thermal energy in a confined
tissue volume, which results in instantaneous tissue
degradation or ablation, accompanied with explosive
ejection of the degraded cellular components and heated
vaporous material. A high absorption peak in the water,
minimizes the thermal damage to the tissue, which
results in improved healing9.
Er.Yag has a high absorption peak in the water,
and in bacteria cells as well. During the Er:YAG tissue
interaction, the bacteria in the path of the beam are
destroyed as the water within the bacterial cells undergoes
the same instantaneous phase change; accordingly,
the surgical field is sterilized10,11. The bactericidal
properties of erbium enable healing without infection.
The haemostatic properties of erbium are considered
marginal9,12, but the significance of bleeding for
regeneration can’t be neglected.
Even though the laser vestibuloplasty we performed
was time consuming in comparison to conventional
techniques, it validated the numerous and irreplaceable
advantages of Er. YAG laser surgery. The treatment was
painless and quite comfortable, with minimum amounts
of anaesthetic used. As the patient was diabetic, it was
reasonable to expect intraoperative bleeding. The bleeding
somewhat compromised the visibility during surgery.
At the completion of the procedure, coagulation of the
surgical surface was achieved with a very long pulse
(VLP) used in defocused mode. No sutures were needed,
and no protective barrier was placed.
The postoperative period was uneventful, without
pain or signs of infection. Sealing of the blood and
lymph vessels minimized the postoperative swelling,
while sealing of the nerve endings reduced pain and
discomfort13. The healing was accelerated. Laser wound
healing is similar to conventional (scalpel) wound healing,
but with less inflammation and reduced scar formation13.
The fibrin layer was noticeable on the following day,
and partial epithelization was evident after 2 weeks.
The healing process with delicate scar formation was
completed 4 weeks after surgery. The vestibular depth was
gained and maintained without contraction (Fig. 6). A new
stable prosthesis was made as a final step of prosthetic
rehabilitation.
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Conclusion
Er.YAG laser assisted vestibuloplasty was a
minimally invasive surgical procedure with our patient.
The fast healing with minimal scarring resulted in a
sufficient vestibular depth, fulfilling patient’s aesthetic
and functional needs.

7.
8.
9.
10.
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magnifications and details of staining techniques shown.
Short explanatory captions of all illustrations should be
typed on a separate sheet.
Tables should be typed on a separated sheet. Each
table should have a short heading (title) above and any
footnotes, suitably identified, below. Tables should be
numbered consecutively with Arabic numerals. Do not
submit tables as photographs. Ensure that each table is
cited in the text. Abbreviations are not desirable.
References. References in the text should use
superscript numerals as they appear in the list of references,
with or without the name(s) of the author(s). The list
of references at the end of the paper should be typed in
double spacing on a separate sheet, arranged alphabetically
and numbered, and should include all references cited
in the text. For review papers, references can he arranged
consecutively and numbered (by Arabic numerals) as they
are cited. The accuracy of references is the responsibility of
the author.
Titles of journals should be abbreviated as used by
Index Medicus. The format for references should be: yearvolume-first and last page. References to monographs
should also include publisher and the page(s) referred to.
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Selection of reviewers
The Editor-in-Chief and Guest Editors of a journal
have the right to select reviewers for a particular
manuscript considering the knowledge and experience of
the reviewers.

Purpose of a review
A review report provides the Editor-in-Chief with
an expert opinion on the quality of the manuscript under
consideration. It also supplies authors with explicit
feedback on how to improve their papers to make them
acceptable for publication in the journal. Although
confidential, comments to the editors are not relayed to
authors, any remarks that may help improve the quality
of the manuscript are forwarded to the authors for their
consideration. A good review report answers the following
important areas:
●● Is the work novel and of high standards?
●● Is the manuscript written comprehensively enough to
be understandable? If not, how could it be improved?
●● Does the paper offer enough details of its
methodology to reproduce the experiments?
●● Do the experimental data support the declarations? If
not, what other evidence may prove fruitful?
●● What are the main findings of the paper? Is relevant
work of other authors in the field appropriately
acknowledged and references given to the previous
literature?
●● What kind of readers would benefit from the
manuscript and why?
●● In what further directions would it be feasible to take
the current research?
After review of the manuscript by at least two
independent experts, in addition to the views of the
Editor- in-Chief, the decision is relayed to the authors,
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●● Accept without changes
●● Revisions required
●● Reject
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