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Nd:YAG and Er:YAG Wavelengths Used as a
Therapeutic Tool in Periodontal Disease
SUMMARY

Ana Minovska

Laser treatment is expected to serve as an alternative or adjunctive
to conventional mechanical periodontal treatment. Currently there are
different types of lasers available, which possess characteristics suitable
for dental treatment, due to its dual ability to ablate soft and hard tissues
with minimal damage. In addition, their bactericidal effect with elimination
of lipo- polysaccharide, ability to remove bacterial plaque and calculus,
irradiation effect limited to an ultra-thin layer of tissue, faster bone and soft
tissue repair, make laser to be a promising tool for periodontal treatment,
including scaling and root surface debridement. Hereof arise that laser
therapy, or laser-assisted periodontal therapy, may be promising new
approaches in periodontics.
The application of Nd:YAG wavelength has been recommended
for bacterial elimination, as well as for soft tissue debridement within
periodontal pockets as an adjunct in nonsurgical pocket therapy, in
combination with mechanical instrumentation. The Er:YAG laser hold the
most promise and might be a potential approach to provide comprehensive
treatment for both soft and hard tissues within periodontal pockets. The
Er:YAG laser has also been shown to be effective for a broad range of
biological responses that are suitable for treating a variety of periodontal
conditions, such as ablation, microbial inhibition and destruction, cell
stimulation, as well as modulation of metabolic activity
As understanding of the nature of laser light develops, lasers will be
used more effectively in the treatment of periodontal diseases. Laser systems,
applying the ablation effect of light energy, which is completely different
from conventional mechanical debridement, may emerge as a new technical
modality for nonsurgical periodontal therapy in the near future.

Keywords: Periodontal Disease; Periodontal Pocket; Laser Therapy; Nd:YAG Wavelength;
Er:YAG Wavelength

Introduction
The 21st century is reaching a new understanding of
the nature of periodontal diseases, based on a notable era
of discovery. There is a promising future for preventing
and treating this common and troubling condition that
affects not just the mouth but also the whole body. The
foundation of our knowledge of periodontal disease(s)
is a result of bringing theories together, discoveries,
and advances that have occurred in parallel. Research
has provided evidence that periodontal diseases are
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treatable. Studies have also been directed at providing
information to permit better understanding of mechanisms
of the disease progression and pathogenesis, in order to
make treatment more effective and predictable. Basic
knowledge and understanding of the pathogenesis
of plaque-induced periodontal disease continues to
evolve1,2. It is well established that periodontal disease
is an infectious disease and that the host’s immune and
inflammatory response to microbial challenge mediates
tissue destructions. Therefore primary goal of periodontal
therapy is to arrest the inflammatory process of the
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disease. Creation of a clean tooth and a clean, biologically
compatible root surface, which is as smooth as possible,
and the removal of the diseased or infected tissues are
essential in treatment.
The treatment guidelines emphasize that periodontal
health should be achieved in the least invasive manner.
Knowing that the primary aetiology of the disease
is bacteria in the dental plaque or biofilm and their
products, mechanical and chemical approaches to reduce
the presence of periodontal pathogens in this plaque
have been largely used in the treatment of periodontal
patients3. Based on these data, the therapeutic strategies
for the treatment of periodontal disease have been
directed toward 2 different and complementary paths:
antimicrobial therapy and host modulation.
In general terms, the ideal antibiotic (local delivery
or systemic use) does not exist because antibiotics are
effective against certain periodontal pathogens only;
moreover, they may have side effects and can induce
bacterial resistance; finally, they can be toxic and
sometimes lack argumentation. Considering the fact that
microorganisms which cause the periodontal disease are
very susceptible to infrared light, it seems logical that
laser irradiation will achieve an excellent bactericidal
effect and, in combination with scaling and root planning,
would provoke significant reduction in inflammation.
Since first lasers were introduced over 40 years
ago, many medical and dental specialists have made the
daily use of lasers widely accepted. The first lasers were
developed in 19644 and, almost immediately, the desire
to use this new technology in dental practice began. The
acceptance of lasers as possible alternatives to traditional
treatment methods in dentistry was one of the events that
created an explosion of interest in the last decades.
With introduction of laser in dentistry, the laserassisted periodontal therapy became an alternative
or adjunctive therapy to mechanical approaches. As
lasers can achieve excellent tissue ablation with strong
bactericidal and detoxification effects, they are one of the
most promising new technical modalities for nonsurgical
treatment5,6. Based on these concepts, clinicians and
researchers have published clinical observations and
designed studies to validate the use of laser light as an
adjunct to periodontal therapy7-9. Research suggests
that the use of lasers as a supplement to scaling and root
planning may improve the effectiveness of non-surgical
periodontal treatment10-12.
There are many different types of lasers, and each
produces a specific wavelength of light. Throughout the
last decades, different dental laser wavelengths have
been used by clinicians in the treatment of periodontitis.
Each wavelength has a somewhat unique effect on dental
structures, due to the specific absorption of laser energy
by the tissue. The wavelengths of light produced by lasers
intended for periodontal or dental applications can be
categorized into 3 groups: (1) Erbium lasers (Er,Cr:YSGG
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at 2,780 nm and Er:YAG at 2,940 nm; (2) Carbon dioxide
lasers at 10,600 nm; (3) Diodes (800 to 980 nm) and
Nd:YAG lasers (1,064 nm).

What is Laser Energy?
The physical principle of laser was developed from
Einstein’s theories in the early 1900s, and the first device
was introduced in 1960 by Maiman13. The term LASER
is an acronym for Light Amplification by Stimulated
Emission of Radiation. Energy emitted by a laser is
essentially a light of 1 colour (i.e. monochromatic)
and, therefore, of 1 wavelength. A laser is a device that
produces coherent electromagnetic radiation through a
process called stimulated emission14. The monochromatic
light can be collimated into an intensively focused beam
that exhibits little divergence.
The laser energy is tissue dependent. The focused
energy beam will interact with a target matter by being
transmitted, reflected, scattered or absorbed. In biologic
tissues, the laser energy is absorbed by the target surface
tissues and will only exhibit scattering in cases of deep
tissue penetration. Absorption is mainly due to the
presence of free water molecules, proteins, pigments,
and other macromolecules. The absorption coefficient
strongly depends on the wavelength of the incoming laser
irradiation.
Absorption of the light by target tissue is the
primary and beneficial effect of laser energy. Absorbed
light energy is converted to heat and prescribes the
photothermal event or ‘photothermolysis’. Depending
on various parameters, the absorbed energy can result in
simple warming, coagulation, or excision and incision
through tissue vaporization. Photopyrolysis happens
when temperature change from 60oC to 90oC, target
tissue proteins undergo morphologic change, which
is predominately permanent. When the target tissue
containing water is elevated to a temperature of 100˚C,
vaporization of the inter- and intra-cellular water in soft
tissue and interstitial water in hard tissue occurs. The
process is also called ablation or ‘photovaporolysis’.
If tissue temperature continues to be raised to about
200oC, it is dehydrated and then burned in the presence
of air. In general, the exact temperature for the onset of
cell necrosis is rather difficult to determine. As a matter
of fact, it was observed that not only the temperature
achieved, but also the temporal duration of this
temperature, play a significant role for induction of
irreversible damage.
The conversion of electromagnetic energy to heat
in target tissue can only be predicted if unwanted change
through conductive thermal spread is prevented. Thermal
relaxation is the term applied to the ability to control a
progressively increasing heat loading of target tissue15.
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Factors that are important for thermal relaxation can be
listed as follows: laser emission mode, duty cycle, laser
incident power (joules per second), laser power density
(watts per square cm), beam movement, endogenous
coolant (blood flow), exogenous coolant (water, air,
tissue pre-cooling)15.16. The following factors will, each
and collectively, affect the absorption of laser light by
a target tissue: laser wavelength, tissue (composition),
tissue thickness, surface wetness, incident angle of beam,
exposure time, and contact vs. non-contact modes17.
Generally speaking, there are 2 laser wavelengths:
short and long. A distinct difference between them can
be observed in their interaction with soft tissue. Longer
wavelengths, being maximally absorbed by water-based
chromophores, and shorter wavelengths give rise to a
greater zone of deeper disruption, accentuated through
conductive heat transfer. Each wavelength has its own
unique interactive qualities.
The existence of water as a constituent of all living
tissue will influence the penetration of longer wavelength
laser light, while non-pigmented surface components
will be transmissive to shorter wavelengths, leading
to potentially deep penetration. In this way, shorter
wavelength can result in an equivalent-power penetration
of 4-6 mm18.
So, lasers can be used to cut, incise, and ablate hard
and soft tissues. The essential properties of laser light such as selective absorption, coagulation, sterilization, and
stimulatory effects on vital structures - make lasers to be a
treatment of choice in certain clinical scenarios19.

ND:YAG AND ER:YAG
Wavelengths and Periodontal Therapy
The use of lasers in periodontal therapy is explored
in treatment of hard and soft tissue. The supposed
advantages of lasers have been enumerated by lot of
authors and include increased coagulation that yields a dry
surgical field, tissue surface sterilization and, therefore,
reduction in bacteraemia, decreased swelling, oedema
and scarring, decreased pain, faster healing response, and
increased patient acceptance.
Lasers are used as a tool for hard and soft tissue
management (for removal of diseased pocket lining
epithelium and diseased soft tissue) and for reduction of
bacteremia20,21. Generally, laser-mediated periodontal
therapy is based on the supposed benefits derived from
subgingival soft-tissue curettage and significant decreases
in subgingival bacterial loads.

Nd:YAG Wavelength

The Nd:YAG laser belongs to short laser wavelength,
has a wavelength of 1,064 nm and operates in a free
running pulsed mode. In water, the Nd:YAG laser will
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theoretically penetrate to a depth of 6 mm before it is
attenuated to 10% of its original strength. The Nd:YAG
lasers are used primarily for the specific reasons, such
as: laser-assisted subgingival soft-tissue curettage, and
reduction of subgingival microbial populations22-25. The
photo-thermal effect of the Nd:YAG laser is useful for soft
tissue surgery. In dentistry, soft tissue surgery uses deeply
penetrating lasers, such as the Nd:YAG laser26-28, because
they can cut and reshape soft tissues29,30.
When using the laser light for soft tissue cutting, the
heat generated seals small blood and lymphatic vessels,
reducing or eliminating bleeding and oedema. Denatured
proteins within tissue and plasma give rise to a surface
zone of a tenacious layer, termed ‘coagulum’ or ‘char’,
which serves to protect the surgical wound from frictional
or bacterial action. Clinically, during 48-72 hours postsurgery, this layer undergoes hydration from saliva, swells
and disintegrates and eventually is lost to reveal an early
healing bed of new tissue. Usually, with laser use on
soft tissue, there is minimal or no bleeding. Little wound
contraction and minimal scarring are other advantages
of laser surgery that are not observed in scalpel surgery.
Gingivectomy, gingivoplasty and frenectomy are the
most popular procedures carried out using this laser
wavelength.
The results from in vitro study of the effects of
Nd:YAG laser on bovine oral soft tissue indicate that
excision width ranged from 0.63 mm to 0.79 mm at 3-10
W, cutting depths from 0.19 mm to 0.49 mm, lateral and
deep coagulation from 0.27 mm to 0.62 mm without
detrimental and unacceptable temperature rise31-33. The
incision line at best, equal the beam diameter and the
production of a surface coagulum avoid need for sutures.
Healing will always be by secondary intention and little
or no scar formation is seen to occur. Compared to scalpel
incisions, the healing time is delayed, although, due to
the coagulum layer, there is little potential for bacterial
contamination of the wound34,35. The Nd:YAG laser is
contraindicated for the management of peri-implant soft
tissue because this laser interacts readily with titanium36.
Therapeutic effects.
The Nd:YAG laser is
basically effective for ablation of potentially hemorrhagic
granulation tissue due to creation of relatively thick
coagulation layer, and thereby strong haemostasis.
Gingival curettage after scaling and root planning using
mechanical instruments has been shown to have no added
benefit over routine scaling and root planning. However,
the poor clinical outcome of gingival curettage may have
been due to the lack of an effective tool for soft tissue
debridement. Contrary to mechanical treatment with
conventional instruments, the excellent ablation of tissue
with laser treatment is expected to promote healing of
periodontal tissues, ablating the inflamed lesions and
epithelial lining of the soft tissue wall within periodontal
pockets. This procedure might be more effective for the
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treatment of residual pockets after initial therapy and
during maintenance.
Part of the laser energy scatters and penetrates
during irradiation into periodontal pockets. The attenuated
laser at a low energy level might then stimulate the
cells of surrounding tissue, resulting in reduction of the
inflammatory conditions68, in cell proliferation and in
the increased flow of lymph69, improving the periodontal
tissue attachment and, possibly, reducing postoperative
pain.
Unlike conventional mechanical debridement, which
is not effective for the complete curettage of soft tissue,
the data indicates safe application of the Nd:YAG laser
for removal of the pocket-lining epithelium in periodontal
pockets, without causing necrosis or carbonization of the
underlying connective tissue in vivo37.
Recently, use of an Nd:YAG laser in a Laser-Assisted
New Attachment Procedure (LANAP) has been advocated
to remove the diseased soft tissue on the inner gingival
surface of periodontal pockets and Yukna et al38 reported
that the LANAP could be associated with cementummediated new connective tissue attachment and apparent
periodontal regeneration on previously diseased root
surfaces in humans.
Conventional methods for the treatment of
periodontal disease are not completely effective in
eliminating all types of bacteria. Although systemic and
local administration of antibiotics into periodontal pockets
is occasionally effective for disinfection, the frequent
usage of antibiotics bears the potential risk of producing
various resistant microorganisms.
These limitations have led to a shift in emphasis to
the use of novel technical modalities having additional
bactericidal effects, such as lasers. Regarding the Nd:YAG
laser, several researchers reported a decontamination
effect39 and inactivation of the endotoxins in the diseased
root surface40. It is evident from numerous studies
undertaken in this field that levels of incident energy
employed are essentially sufficient to ablate bacterial
cellular structure; what appears to be difficult to quantify
is the protocol required to render any periodontal pocket
‘sterile’. The Nd:YAG laser is absorbed selectively by
certain pigments, including melanin and haemoglobin.
Given this selective absorption in darker pigments,
proponents of this wavelength have promoted the laser as
being effective against the pigmented bacteria frequently
associated with periodontal diseases, e.g. Porphyromonas
spp, Prevotella spp, and Tannerella spp41,42.

Er:YAG Wavelength

Unlike laser wavelengths for targeting only the
soft tissue chromophores, there are wavelengths that
will interact with hard tissue as well. The predominant
are Er:YAG wavelengths (2,940 nm; 2,780 nm).
These wavelengths have an affinity for (carbonated)
hydroxyapatite and water chromophores. However,
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although the water content of enamel and dentine is very
low (3-5% in enamel and 13-15% in dentine), it is the
configuration of the lasers emission modes that defines
the underlying nature of tissue ablation. These inherent
absorption qualities allow erbium lasers to ablate tooth
and bone.
During Er:YAG laser irradiation, the laser energy
is absorbed selectively by water molecules and hydrous
organic components of biological tissues, causing
evaporation of water and organic components and resulting
in thermal effects due to the heat generated by this process
- ‘photothermal evaporation’. Moreover, in hard tissue
procedures, the water vapour production induces an
increase of internal pressure within the tissue, resulting in
explosive expansion called ‘micro explosion’50,51. These
dynamic effects cause mechanical tissue collapse, resulting
in a ‘thermo-mechanical’ or ‘photo-mechanical’ ablation52.
This phenomenon has also been referred to as ‘water
mediated explosive ablation’53, 54.
Therapeutic effects.
Erbium lasers are unique
as they are the only lasers that can cut both hard and
soft tissues with minimal heat-related side effects. It has
been suggested that the erbium wavelengths present the
broadest range of application for clinical dentistry and are
likely the most suitable lasers for periodontal therapy55-58.
The erbium lasers are effective in removing calculus
and reducing PPD. Dental calculus contains water in
its structural micro-pores, as well as in its intrinsic
components. Since the Er:YAG laser has the ability to
ablate dental hard tissues, it was expected to be capable
of removing dental calculus at much lower energy levels.
Several researchers have already reported the promising
ability of the Er:YAG laser to remove subgingival calculus
in vitro46-49.
Several studies have demonstrated safe and effective
root substance removal without negative thermal effects,
comparable with conventional instrumentation62,63. Keller
and Hibst66 reported effectively removal of calculus
from the root surface without thermal alteration of the
surface using Er:YAG laser scaling at 120 and 150 mJ/
pulse (calculated energy density 15.0 and 18.8 J/cm2 per
pulse) and 10 and 15 Hz under water irrigation using the
rotatable fibre tip with a chisel shaped profile.
A high bactericidal effect against periodontopathic
bacteria at a low energy level43,44 can be accomplish with
Er:YAG and this laser also has the potential to remove
toxins diffused into the root cementum, such as bacterial
lipopolysaccharides45. Not surprisingly, these lasers are
bactericidal against in vitro cultures of Porphyromonas
gingivalis and Aggregatibacter (formally Actinobacillus)
actinomycetemcomitans61, and effective in removing the
absorbed root surface endotoxins62,63.
The haemostatic effect is weaker than for other
lasers, but the healing of the laser wound is relatively
fast and comparable to that of a scalpel wound. Laser
irradiation has been reported to exhibit bactericidal and
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detoxification effects without producing a smear layer
and the laser treated root surface might therefore provide
favourable conditions for the attachment of periodontal
tissue.
With respect to laser-mediated periodontal
regeneration, in a study by Schwartz et al64, periodontitis
patients were treated with an Er:YAG laser; ultrasonic
scaling was used as a control. Both treatment groups
exhibited a new cementum formation with embedded
collagen fibres. The investigators concluded that both
therapies supported the formation of new connective
tissue attachment. Studies that employed periodontally
diseased root surfaces showed that the micro-structurally
and thermally changed root surface produced by Er:YAG
laser irradiation may influence the attachment of soft
periodontal tissues. Schoop et al67 reported that the
surface structure of periodontally diseased root after
Er:YAG laser irradiation at 100 mJ/ pulse (energy density
5.98 J/cm2) and 15 Hz with water spray offered better
conditions for the adherence of fibroblasts in vitro than a
root surface after mechanical scaling only.
Root substance removal during laser scaling was
explored in a preliminary in vitro study by Aoki et al65.
They reported that the average depth of cementum
ablation was approximately 40-136 µm following Er:YAG
laser scaling in a straight line at 20-120 mJ/pulse (7.142.4 J/cm2 per pulse) and 10 Hz in perpendicular contact
irradiation using a conventional tip.
Pourzarandian et al70 investigated the effect of
low-level Er:YAG laser irradiation on human gingival
fibroblast (HGFs) proliferation. The results showed
that the low-level Er:YAG laser irradiation stimulated
proliferation of cultured HGFs, suggesting that the lowlevel Er:YAG laser irradiation may be of therapeutic
benefit for wound healing. Pourzarandian et al71
investigated the change of PGE2 production and COX-2
gene expression in HGF after Er:YAG laser irradiation in
vitro. The results showed that the Er:YAG laser irradiation
appears to exert simulative action on HGF proliferation
through the production of PGE2 via the expression of
COX-2. This is one of the important regulatory pathways
that enhance cell proliferation for tissue regeneration. It
is considered that laser energy would help the diseased
tissue to rapidly change from the inflammatory and
destructive state into that of healing and regeneration by
modulating or activating cell metabolism.
Supra-gingival laser scaling on enamel surface
using the Er:YAG laser is contraindicated, since complete
calculus removal without affecting the underlying enamel
is difficult during Er:YAG laser scaling. However, in subgingival scaling, not only the removal of calculus but also
removal of contaminated cementum may be clinically
acceptable to some extent.
Research conducted so far has indicated the safety
and effectiveness of clinical application of the Er:YAG
laser for periodontal pocket treatment, including root
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surface debridement. Er:YAG laser irradiation may be a
promising, useful adjunctive or alternative method to the
conventional technique of root preparation and pocket
curettage.

Conclusions
Laser light is a unique, non-ionizing form of
electromagnetic radiation that can be employed as a
controlled source of tissue stimulation, cutting or ablation,
depending on specific parameters of wavelength, power
and target tissue. Laser-tissue interaction is multifaceted,
and is based on the fundamental physical characteristics
of laser energy, the composition of the target tissue,
and the laser operating parameters. The primary
interaction is a thermal one - the tissue temperature
is increased to achieve a variety of results. Due to the
characteristics of penetration and thermogenesis, when
laser light is used for periodontal treatment, it may have
a positive adjunctive effect on periodontal regeneration
by decreasing number of bacteria, producing an etching
effect on root surfaces, removing granulation tissue, and
de-epithelization of the pocket soft-tissue wall.
Basically, the bactericidal effect, detoxification
effect, removal of the epithelium lining and granulation
tissue, removal of calculus from the root surface with
extremely low mechanical stress and no formation of a
smear layer are beneficial outcomes for the periodontal
treatment. Laser energy also stimulates or activates the
surrounding gingival and bone tissues and, if properly
used, this would result in an improved pocket healing
with soft and bone tissue regeneration by reduction
of inflammatory condition and promotion of cell
proliferation and differentiation.
Considering the various advantages of laser
irradiation, its use in combination with conventional
mechanical treatment or alone has the potential to
improve the condition of the periodontal tissue more
than mechanical therapy alone. Based on the up to now
research, the Er:YAG laser holds promise as a useful tool
to debride safely and effectively both the root surface
and gingival tissue of the periodontal pockets, and the
Nd:YAG laser has a potential for soft tissue curettage and
disinfection of periodontal pockets.

References
1.
2.

Van Dyke TE. Cellular and molecular susceptibility
determinants for periodontitis. Periodontol 2000, 2007;
45:10-13.
Kinane DF, Bartold MP. Clinical relevance of the host responses
of periodontitis. Periodontol 2000, 2007; 43:278-293.

64 Ana Minovska
3.
4.
5.
6.
7.

8.

9.

10.
11.

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

22.

Kirkwood KL, Cirelli JA, Rogers JE, Giannobile WV. Novel
host response therapeutic approaches to treat periodontal
diseases. Periodontol 2000, 2007; 43:295-315.
Goldman L, Hornby P, Meyer R, Goldman B. Impact of the
Laser on Dental Caries. Nature, 1964; 203:417.
Pick RM, Colvard MD. Current status of lasers in soft
tissue dental surgery. J Periodontol, 1993; 64(7):589-602.
Aoki A, Sasaki KM, Watanabe H, Ishikawa I. Lasers in
nonsurgical periodontal therapy. Periodontol 2000, 2004;
36:59-97.
Schwartz F, Sculean A, Georg T, Reich E. Periodontal
treatment with an Er:YAG laser compared to scaling and
root planing. A controlled clinical study. J Periodontol,
2001; 72:361-367.
Schwartz F, Sculean A, Berakdar M, Georg T, Reich E,
Becker J. Clinical evaluation of an Er:YAG laser combined
with scaling and root planing for nonsurgical periodontal
treatment. A controlled, prospective clinical study. J Clin
Periodontol, 2003; 30:26-34.
Schwartz F, Sculean A, Berakdar M, Georg T, Reich E,
Becker J. Periodontal treatment with an Er:YAG laser for
scaling and root planing. A 2-year follow-up split-mouth
study. J Periodontol, 2003; 74:590-596.
Coluzzi DJ, et al. The Coming of Age of Lasers in
Dentistry. Dentistry Today, October, 1998.
AAP. The Research, Science and Therapy Committee
of the American Academy of Periodontology: Lasers in
periodontics (Academy report), authored by Cohen RE and
Ammons WF, revised by Rossman JA. J Periodontol, 2002;
73:1231-1239.
Coluzzi DJ. Fundamentals of dental lasers: science and
instruments. Dent Clin N Am, 2004; 48:751-770.
Maiman TH. Stimulated optical radiation in ruby. Nature,
1960; 187:493-494.
Einstein A. On the Quantum Mechanics of Radiation.
Physikalische Zeitschrift, 1917; 18:121-128. (in German)
Health and social care (community health and standards)
act 2003. Chapter 43 explanatory notes. London: The
Stationery Office, 2003.
Safety of laser products - part 14: a user’s guide. PD IEC
TR 60825-14:2004. British Standards, 2004.
Takac S, Stojanovic S. Classification of laser irradiation and
safety measures. Med Pregl, 1998; 51: 415-418.
Sliney D, Aron-Rosa D, DeLori F et al. Adjustment of
guidelines for exposure of the eye to optical radiation
from ocular instruments: statement from a task group of
the International Commission on Non-Ionizing Radiation
Protection (ICNIRP). Appl Opt, 2005; 44:2162-2176.
Miserendino LJ, Pick RM. Lasers in dentistry. Chicago:
Quintessence Publishing Co; 1995.
Cobb CM. Lasers in periodontics: a review of the literature.
J Periodontol, 2006: 77:545-564.
Coluzzi DJ, Convissar RA. Laser applications in fixed
prosthodontics. In: Coluzzi DJ, Convissar RA, editors.
Atlas of laser applications in dentistry. Hanover Park, IL:
Quintessence Publishing Co, 2007; pp 91-116.
Gutknecht N, Radufi P, Franzen R, et al. Reduction of
specific microorganisms in periodontal pockets with the aid
of an Nd:YAG laser - an in vivo study. J Oral Laser Appl,
2002; 2(3):175-180.

Balk J Stom, Vol 15, 2011
23. Sjostrom L, Friskopp J. Laser treatment as an adjunct to
debridement of periodontal pockets. Swed Dent J, 2002;
26(2):51-57.
24. Miyazaki A, Yamaguchi T, Nishikata J, et al. Effects of
Nd:YAG and CO2 laser treatment and ultrasonic scaling
on periodontal pockets of chronic periodontitis patients. J
Periodontol, 2003; 74(2):175-180.
25. Harris DM, Gregg RH, McCarthy DK, et al. Laser-assisted
new attachment procedure in private practice. Gen Dent,
2004; 52(5):386-403.
26. Pick RM, Colvard MD. Current status of lasers in soft tissue
dental surgery. J Periodontol, 1993; 64:589-602.
27. Romanos GE. Clinical applications of the Nd:YAG laser
in oral soft tissue surgery and periodontology. J Clin Laser
Med Surg, 1994; 12:103-108.
28. White JM, Fagan MC, Goodis HE. Intrapulpal temperatures
during pulsed Nd:YAG laser treatment of dentin in vitro. J
Periodontol, 1994; 65:255-259.
29. Rechmann P. Dental laser research: selective ablation of
caries, calculus, and microbial plaque: from the idea to
the first in vivo investigation. Dent Clin North Am, 2004;
48:1077-1104.
30. Romanos G, Nentwig GH. Diode laser (980 nm) in oral and
maxillofacial surgical procedures: clinical observations
based on clinical applications. J Clin Laser Med Surg,
1999; 17:193-197.
31. White JM, Goodis HE, Yessik MJ, Myers TD. Histologic
effects of a high-repetition pulsed Nd:YAG laser on
intraoral soft tissue. Proc SPIE, 1995; 2394:143-153.
32. White JM, Gekelman D, Shin K, Park J, Swenson T,
Rouse B, Tran K, Bullard S, Scott-Beckles B, Oto MJSB,
Yamamoto A. Laser interaction with dental soft tissues:
What do we know from our years of applied scientific
research? Proc SPIE, 2002; 4610:39-48.
33. Perry DA, Goodis HE, White JM. In vitro study of the
effects of Nd:YAG laser probe parameters on bovine oral
soft tissue excision. Lasers Surg Med, 1997; 20:39-46.
34. White JM, Goodis HE, Yessik MJ, Myers TD. Histologic
effects of a high-repetition pulsed Nd:YAG laser on
intraoral soft tissue. Proc SPIE, 1995; 2394:143-153.
35. White JM, Gekelman D, Shin K, Park J, Swenson T,
Rouse B, Tran K, Bullard S, Scott-Beckles B, Oto MJSB,
Yamamoto A. Laser interaction with dental soft tissues:
What do we know from our years of applied scientific
research? Proc SPIE, 2002; 4610:39-48. 209.
36. Romanos GE, Everts H, Nentwig GH. Effects of diode and
Nd:YAG laser irradiation on titanium discs: a scanning
electron microscope examination. J Periodontol, 2000;
71:810-815.
37. Gold SI, Vilardi MA. Pulsed laser beam effects on gingiva. J
Clin Periodontol, 1994; 21:391-396.
38. Yukna RA, Carr RL, Evans GH. Histologic evaluation of
an Nd:YAG laser-assisted new attachment procedure in
humans. Int J Periodontics Restorative Dent, 2007; 27:577
39. White JM, Goodis HE, Cohen JN. Bacterial reduction of
contaminated dentin by Nd:YAG laser. J Dent Res, 1991;
70:412.
40. Fukuda M, Minoura S, Ishikawa K, Ogura N, Ueda N,
Murase M, Sugihara N, Kato K, Nakagaki H, Noguchi T.
Effects of Nd:YAG laser irradiation on endotoxin in exposed
cementum. Jpn J Conserv Dent, 1994; 37: 711-716.

Balk J Stom, Vol 15, 2011
41. Ben Hatit Y, Blum R, Severin C, et al. The effects of a
pulsed Nd:YAG laser on subgingival bacterial flora and on
cementum: an in vivo study. J Clin Laser Med Surg, 1996;
14:137-143.
42. Moritz A, Gutknecht N, Doertbudak O, et al. Bacterial
reduction in periodontal pockets through irradiation with
a diode laser: a pilot study. J Clin Laser Med Surg, 1997;
15:33-37.
43. Ando Y, Aoki A, Watanabe H, Ishikawa I. Bactericidal effect
of erbium YAG laser on periodontopathic bacteria. Lasers
Surg Med, 1996; 19:190-200.
44. Folwaczny M, Mehl A, Aggstaller H, Hickel R.
Antimicrobial effects of 2.94 micron Er:YAG laser
radiation on root surfaces: an in vitro study. J Clin
Periodontol, 2002; 29:73-78.
45. Yamaguchi H, Kobayashi K, Osada R, Sakuraba E, Nomura
T, Arai T, Nakamura J. Effects of irradiation of an erbium:
YAG laser on root surfaces. J Periodontol, 1997; 68:11511155.
46. Aoki A, Miura M, Akiyama F, Nakagawa N, Tanaka J, Oda
S, Watanabe H, Ishikawa I. In vitro evaluation of Er:YAG
laser scaling of subgingival calculus in comparison with
ultrasonic scaling. J Periodontal Res, 2000; 35:266-277.
47. Frentzen M, Braun A, Aniol D. Er:YAG laser scaling of
diseased root surfaces. J Periodontol, 2002; 73:524-530.
48. Keller U, Hibst R. Morphology of Er:YAG laser treated root
surfaces. Proc SPIE, 1997; 3192:24-31.
49. Schwarz F, Putz N, Georg T, Reich E. Effect of an Er:YAG
laser on periodontally involved root surfaces: an in vivo and in
vitro SEM comparison. Lasers Surg Med, 2001; 29:328-335.
50. Hibst R, Keller U. Experimental studies of the application
of the Er:YAG laser on dental hard substances. I.
Measurement of the ablation rate. Lasers Surg Med, 1989;
9:338-344.
51. Keller U, Hibst R. Experimental studies of the application
of the Er:YAG laser on dental hard substances. II. Light
microscopic and SEM investigations. Lasers Surg Med,
1989; 9:345-351.
52. Koort HJ, Frentzen M. Laser effects on dental hard tissue.
In: Miserendino LJ, Pick RM, editors. Lasers in Dentistry.
Chicago: Quintessence, 1995; pp 57-70.
53. Fried D. IR laser ablation of dental enamel. Proc SPIE,
2000; 3910:136-148.
54. Seka W, Featherstone JDB, Fried D, Visuri SR, Walsh
JT. Laser ablation of dental hard tissue: from explosive
ablation to plasma-mediated ablation. Proc SPIE, 1996;
2672:144-158.
55. Cobb CM. Lasers in periodontics: a review of the literature.
J Periodontol, 2006; 77(4):545-564.
56. Strauss RA, et al. A comparison of postoperative pain
parameters between CO2 laser and scalpel biopsies. J Oral
Laser Appl, 2006; 6(1):39-42.
57. Aoki A, Sasaki K, Watanabe H, et al. Lasers in non-surgical
periodontal therapy. Periodontol 2000, 2004; 36:59-97.
58. Ishikawa I, Aoki A, Takasaki A. Potential applications of
erbium:YAG laser in periodontics. J Periodont Res, 2004;
39(4):275-285.

Treatment of Periodontal Disease by LASER 65
59. Aoki A, Miura M, Akiyama F, et al. In vitro evaluation of
Er:YAG laser scaling of subgingival calculus in comparison
with ultrasonic scaling. J Periodont Res, 2000; 35(5):266-277.
60. Crespi R, Romanos GE, Barone A, et al. Effect of Er:YAG
laser on diseased root surfaces: an in vivo study. J
Periodontol, 2005; 76(5):686-690.
61. Ando Y, Watanabe H, Ishikawa I. Bactericidal effect of
erbium:YAG laser on periodontopathic bacteria. Lasers
Surg Med, 1996; 19(2):190-200.
62. Yamaguchi H, Kobayashi K, Osada R, et al. Effects of
irradiation on an erbium:YAG laser on root surfaces. J
Periodontol, 1997; 68(12):1151-1155.
63. Sasaki KM, Aoki A, Masuno H, et al. Compositional
analysis of root cementum and dentin after Er:YAG laser
irradiation compared with CO2 lased and intact roots using
Fourier transformed infrared spectroscopy. J Periodont Res,
2002; 37(1):50-59.
64. Schwarz F, Jeppsen S, Herten M, et al. A
immunohistochemical characterization of periodontal
wound healing following non-surgical treatment with
fluorescence controlled Er:YAG laser radiation in dogs.
Lasers Surg Med, 2007; 39(5):428-440.
65. Aoki A, Miura M, Akiyama F, Nakagawa N, Tanaka J, Oda
S, Watanabe H, Ishikawa I. In vitro evaluation of Er:YAG
laser scaling of subgingival calculus in comparison with
ultrasonic scaling. J Periodontal Res, 2000; 35:266-277.
66. Keller U, Hibst R. Morphology of Er:YAG laser treated root
surfaces. Proc SPIE, 1997; 3192:24-31.
67. Schoop U, Moritz A, Kluger W, Frei U, Maleschitz P,
Goharkhay K, Scho¨fer C, Wernisch J, Sperr W. Changes
in root surface morphology and fibroblast adherence after
Er:YAG laser irradiation. J Oral Laser Appl, 2002; 2:83-93.
68. Shimizu N, Yamaguchi H, Goseki T, Shibata Y, Takiguchi
H, Iwasawa T, Abiko Y. Inhibition of prostaglandin E2 and
interleukin 1b production by low-power laser irradiation
in stretched human periodontal ligament cells. J Dent Res,
1995; 74:1382-1388.
69. Shimotoyodome A, Okajima M, Kobayashi H, Tokimitsu I,
Fujimura A. Improvement of macromolecular clearance via
lymphflow in hamster gingiva by low-power carbon dioxide
laser-irradiation. Lasers Surg Med, 2001; 29:442-447.
70. Pourzarandian A, Watanabe H, Ruwanpura SM, Aoki A,
Ishikawa I. Effect of low-level Er:YAG laser irradiation on
cultured human gingival fibroblasts. J Periodontol, 2005;
76:187-193.
71. Pourzarandian A, Watanabe H, Ruwanpura SM, Aoki
A, Noguchi K, Ishikawa I. Er:YAG laser irradiation
increases prostaglandin E2 production via the induction
ofcyclooxygenase-2 mRNA in human gingival fibroblasts. J
Periodontal Res, 2005; 40(2):182-186.
Correspondence and request for offprints to:
Prof. Ana Minovska
Department for Oral Pathology and Periodontology
Faculty of Dentistry
Kliment Ohridski 68
Skopje, FYR Macedonia
Ana.Minovska@eurm.edu.mk

GI
CA
L SOCIETY

BALKAN JOURNAL OF STOMATOLOGY

ISSN 1107 - 1141

LO
TO
STOMA

Periodontal Disease as a Risk Factor for
Cardiovascular Disease
SUMMARY

S. Zachari, A.K. Markopoulos

Many studies reported an association between periodontal disease and
cardiovascular disease. Accumulation of epidemiologic, in vitro, clinical and
animal studies, suggests that periodontal infection may be a contributing
risk factor for coronary heart disease. However, several concerns about the
nature of this relationship exist in the literature. At present, it seems likely
that periodontitis is a moderate risk factor for cardiovascular disease.
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Introduction
In 1891 W. Miller1 published his theory on focal
infection, indicating that microorganisms and/or their
products are able to access parts of the body adjacent to or
distant from the mouth. Recently, for over 12 years, many
authors have discussed the possible correlation between
oral infections, periodontal disease in particular, and the
occurrence of coronary heart disease (CHD), myocardial
infarction, and ischemic stroke.
Atherosclerosis is a multifactorial disease which
represents the most common cause of CHD. It is the most
common cause of myocardial infarction and ischemic
stroke 2.
Periodontitis is one of the most common chronic
bacterial infections. It is a common plaque-induced
periodontal infection that is a major cause of tooth loss
throughout the world. The prevalence of periodontal
disease is high, and severe forms of chronic periodontitis
affect about 15% of population worldwide3.
Amongst other risk factors for atherosclerosis,
bacterial and viral organisms involved in chronic
inflammatory processes have also been mentioned4.
Periodontitis is associated with Aggregatibacter
actinomycetemcomitans,
(previously
Actinobacillus
actinomycetemcomitans), Campylobacter rectus, Eikenella
corrodens, Eubacterium timidum, Fusobacterium nucleatum,
Peptostreptococcus
sp,
Porphyromonas
gingivalis,
Prevotella intermedia, Selenomonas, Treponema denticola
and Tannerella forsythensis (previously Bacteroides
forsythus)5,6.
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One of the first researchers who tried to indicate a
relationship between oral infections and atherosclerosis
were Mattila et al7. Having evaluated the oral and dental
status of 100 Finnish men and women who had had
myocardial infarction, they concluded that their dental
health was significantly worse than that of 102 control
subjects.
Since then, several studies have been conducted and
examined the association between periodontal health status
and the risk of cardiovascular disease (CVD). 3 possible
metastatic pathways can be considered responsible for the
influence of oral infections on CVD8:
1. Metastatic spread of infection from the oral cavity,
resulting from a transient bacteraemia;
2. Metastatic injury by circulating oral microbial toxins;
3. Metastatic inflammation arising from an immune
response to oral microorganisms.
The purpose of this article is to review the
knowledge on periodontal disease as a risk factor for the
development of CVD.

Epidemiological and Laboratory
Evidence
Numerous epidemiological studies have been
performed over the last 2 decades trying to show if an
association between periodontitis and CVD exists. The
findings of these studies vary greatly, ranging from no
causative relation between periodontitis and CVD to
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strong causative connections between the 2 conditions.
Reasons for the discrepancies in the results of these
studies include (1) variations in study populations,
including differing age groups, ethnicities, and geographic
locations, and (2) differing measures and definitions of
periodontitis, with some studies based only on clinical
measures (i.e. pocket depth, bleeding with probing, tooth
attachment level) and other in which the relation appeared
stronger, based on non-clinical measures, such as systemic
antibody response or radiographic evidence of alveolar
bone loss9.
3 hypotheses regarding the association of periodontitis
with CVD have emerged from the results of the
epidemiologic studies; the first is the theory of bacterial
invasion, which assumes direct action of bacteria and their
toxins on the endothelium. Second is the cytokine theory;
according to this theory, inflammatory mediators released
by the cells of the immune system play a key role in the
damage of the vascular wall endothelium. Autoimmune
theory, is the third theory, emphasizing the significance of
heat shock proteins (HSP65) expressed on oral pathogens,
such as Porphyromonas gingivalis, Prevotella intermedia,
and Actinobacillus actinomycetemcomitans.
A series of earlier case-control, cross-sectional and
longitudinal studies have shown a significant association
between poor dental health and CVD10-24. Data derived
from a meta-analysis of several prospective cohort, casecontrol, and cross-sectional studies also suggest a positive
correlation between periodontal disease and CVD, even
after adjusting the known risk factors such as smoking,
alcohol consumption, obesity, blood pressure and
diabetes25.
The proposed major pathological pathway for CHD
in all these studies is atherosclerosis. Atherosclerosis
is believed to be a progressive disease arising
from a combination of endothelial dysfunction and
inflammation26.
Desphande et al27 first published a paper on the
invasion of bovine aortic and cardiac endothelium by
Porphyromonas gingivalis. Bacterial replication of
genetic material, indicating presence of Porphyromonas
gingivalis, was observed in these tissues. 2 more studies
reported similar results based on the examination of
human aorta specimens28,29. All these results of both
studies support the theory of bacterial invasion.
As for the theory of inflammatory mediators, it
has been shown that certain periodontal pathogenic
bacteria, such as Porphyromonas gingivalis and
Bacteroides forsythus play an atherogenic role20,30-32.
These organisms promote platelet aggregation33, foam
cell formation34, and the development of atheromas in
experimental animal models35-38. It has been shown
that Toll-like receptors (TLRs) present on the surfaces
of immune system cells (macrophages/monocytes and
granulocytes) play a decisive role in this process. These
receptors recognize bacterial endotoxin molecules, initiate
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intracellular signalling, and mediate the transcription of
a factor responsible for the release of proinflammatory
cytokines, such as PGE-2, IL-1, IL-12, and TNFa. These compounds stimulate monocyte/macrophage
chemotaxis and adhesion to endothelial cells, which leads
to intracellular lipid accumulation and the formation of
foam cells39-41. All these findings support the theory of
inflammatory mediators.
Danesh and colleagues42 conducted a meta-analysis
relative to the role of other infections associated with
CHD. Their data supported an association between heart
disease and Chlamydia pneumoniae. The authors also
concluded that the data demonstrating an association
between heart disease and Helicobacter pylori were weak.
Slade and his colleagues provide evidence that
periodontal disease is associated with CVD via the
increased levels of acute-phase proteins, C-reactive
protein (CRP) and plasma fibrinogen. Both CRP and
Fibrinogen contribute to atheroma formation, probably
via CRP- triggered complement activation and fibrinogenclotting effects43.
Studies supporting the autoimmune theory have
shown that anti-hsp65/60 antibodies are present in the
saliva of subjects with chronic periodontitis and not
in healthy periodontal tissues44. The same antibodies
were observed by Mayr et al45, who investigated the
potential role of Chlamydia pneumoniae and Escherichia
coli infections in atherogenesis. Both of these studies
suggest the existence of an autoimmune process where
antibacterial antibodies show cross-reactivity with
endothelial HSP-60, leading to endothelial cell damage
and exposure to inflammatory factors.
Carallo et al46 identified a link between periodontal
indices and wall shear stress, suggesting that an
alteration of hemodynamic profile might contribute to
atherosclerosis in subjects with periodontal disease.
However, a direct causal relation between periodontitis
and atherosclerotic CVD has not yet been established47-50.
Not all epidemiological studies confirm the effect of
periodontal condition on cardiovascular morbidity.
Joshipura et al51 assessed a total of over 70,000 patients
aged 40 to 75 years and found no significant association
between tooth loss and CHD. Similarly, Hujoel et al52 and
Howell et al53, published 2 longitudinal studies that also
failed to show an association between periodontal disease
and CHD.
One important question that rises is: if periodontitis
is suppressed by appropriate intervention, does this fact
result in a decreased risk of CVD? Currently, there is no
definitive evidence that the development of CVD can be
prevented with periodontal therapy54. However, in patients
with CVD and previous diagnosis of periodontitis, it
is recommended that dentists and physicians should
closely collaborate to optimize CVD risk reduction and
periodontal care. Patients with CVD and no previous
diagnosis of periodontitis should be examined for
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periodontitis, especially if they have signs or symptoms
of gingival disease, significant tooth loss, and unexplained
elevations of CRP or other inflammatory biomarkers55.

Conclusions
The evidence suggests a moderate association, but
not a causal relationship, between periodontal disease and
CVD. According to the current epidemiological findings,
it seems likely that periodontitis is a moderate risk factor
for CHD. Further research is needed to determine whether
periodontal disease can directly influence the development
of CVD.
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Correlation between Depth of Cure and
Distance between Curing Light Tip and Resin Surface
Summary

Aim: to examine the relation between depth of cure and irradiation
distance with different restorative composites and light curing units (LCUs).
Materials and Methods: 3 different composite resins (Simile, Filtek
Ζ250, Filtek Supreme XT) and 3 light curing units (Elipar High Light, Elipar
Visio and LEDemetron) were used. Depth of cure was tested according
to ISO 4049. A stainless steel mould was used for the preparation of
specimens (8mm long, 4mm in diameter). The mould was filled with 1 of the
composites and irradiated for 40sec. The distance between the exit window
of the lamps and the surface of the composite resin was 0, 2, 4, 8, 16 and 32
mm. After polymerization, the height of the cylinder of the cured material
was measured with a digital micrometer (accuracy ± 0.l mm). The relation
between the irradiation distance and the depth of cure was analyzed by
linear regression (p<0.05).
Results: Analyses of regression coefficient ranked the LCUs in order
of decreasing effectiveness as follows: LEDemetron > Elipar High Light >
Elipar Visio. All composite resins had, with all LCUs, the same reduction in
the depth of cure with increased irradiation distance.
Conclusions: The depth of cure of light-activated composites
decreased in a moderate and linear manner with the distance between the
exit window and the surface of the material.

Keywords: Composite Resins; Depth of Cure; Polymerization; Light Curing Unit

Introduction
Depth of cure of a light-activated composite resin is
an important property because poorly polymerized resin
can lead to undesirable effects, such as gap formation,
marginal leakage, recurrent caries, adverse pulpal effect
and ultimate failure of restoration1. Depth of cure can be
defined as the extent of quality resin polymerization deep
from the surface of composite restoratives.
The depth of cure of visible-light activated
composites is affected by factors such as the materials’
filler composition, resin chemistry, shade and
translucency, catalyst concentration, intensity and spectral
distribution of the light source and duration of irradiation2.
Depth of cure of visible-light activated composites also
depends on the separating medium (intervening plastic
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matrix or light tip sheath) and the distance between the
light source and surface of the restorative material3.
An array of methods, such as hardness tests4-6,
interaction with colour dyes7, translucency changes8,
double-bond conversion9,10, nuclear magnetic resonance
microimaging11, penetration tests11-13 and scraping tests1418 have been used to measure the depth of cure of resinbased composites.
Layering of light-activated composites is a must in
deep cavities to obtain a sufficient degree of conversion
reduction of the polymerization shrinkage and thereby the
risk of cuspal flexure and marginal gaps19-21. While light
activating composite resins the light tip may not always
be close to the surface of the restoration, when using a
layering technique in the proximal part of class-II cavities.
This problem has been identified by several authors, and a
not infrequent citation in the dental literature has been that
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the loss of light intensity of curing units follows the law of
Inverse Square.
Moseley et al22 studied the intensity loss of curing
units versus distance between the exit window and
composite and found that the loss of intensity was linear.
Hansen and Asmussen23 found in a later study that a
microfilled composite was cured to a depth of 4.1 mm
with close contact between resin and exit window of the
lamp tested; but the total curing depth was only reduced
from 4.1 to 2.7 mm when the irradiation distance was
increased to 18 mm. They also found that the depth of
cure decreased moderately and in a linear manner with
increasing irradiation distance16.
The aim of this study was to examine the relation
between depth of cure and irradiation distance with
different restorative resins and with a range of low to high
light intensity curing lamps.

Organization for Standardization for polymer based filling
materials25.
A stainless steel mould was used for the preparation
of the specimens, 8 mm long x 4 mm in diameter (Fig. 1).
The mould was placed onto a strip of transparent film
(Directa AB, SE-194 27, Upplands Vasby, Sweden) on
glass microscope slide. The mould was overfilled slightly
and a second strip of the transparent film was placed on
the top, followed by the second microscope slide. The
mould and strips of film were pressed between the glass
slides to excess the composite resin. The microscope slide
covering the upper strip of film was removed and the
composite resin light cured for 40 sec using a LCU. The
distance between the exit window of the lamp and the
surface of the composite resin was 0, 2, 4, 8, 16 and 32
mm (Fig. 2). 5 specimens were made for each composite
resin and for each light-curing mode. This method has
been used extensively by several researchers3,15-18.
The rationale for using distances of 16 and 32mm,
which are not clinically relevant, was to get a more
comprehensive understanding of the relation between
irradiation distance and depth of cure.

Materials and Method
3 different composite resins were used in this study.
Filtek Z250 (shade A2, 3M ESPE, St Paul, MN, USA) and
Simile (shade A2, Pentron, Wallingford, USA) as microhybrid composites, and Filtek Supreme XT (shade A2, 3M
ESPE, St Paul, MN, USA) as a nano-hybrid composite.
2 halogen light-curing units (Elipar High Light, Elipar
Visio) and a LED unit (LEDemetron) were selected to
provide lights of low to high output (Tab. 1). The intensity
of the light sources was checked with a radiometer (Hilux,
Curing Light Meter, Benlioglu Dental Inc, Turkey) before
the start of each experimental session.
Table 1. Type, manufacturer and light intensity of the 3 light
curing units used
LIGHT Curing Unit

Manufacturer

Intensity

LEDemetron (LED)

Kerr Corp,
Danbury, USA

1220mW/cm2

Elipar High Light (EHL)

3M ESPE,
Seefeld, Germany

780 mW/cm2

Elipar Visio (EV)

3M ESPE,
Seefeld, Germany

400 mW/cm2

These devices were selected to represent the range of
light-curing units (LCUs) still in use in clinical practice.
The composite resins were stored and used at room
temperature prior to placement, as insertion temperature
has been shown to influence polymerization of composite
resin using different LCUs24.
Scraping test methodology was performed
according to methods of ISO 4049 (1988) - International

Figure 1. Illustration of the split stainless steel mould for curing depth
study

Figure 2. Illustration of the procedure for curing depth study
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After polymerization, the specimens were removed
from the mould and the inadequately cured soft restorative
material was removed from the bottom of the mould
with a plastic spatula. The length of the cylinder of the
cured material was measured with a digital micrometer
to an accuracy of ± 0.1 mm (Powerfix, Electronic Digital
Caliper, Mod.Z22855, London, UK).
The relation between the irradiation distance and
the depth of cure was analyzed by 3-Way ANOVA and
linear regression26. The various combinations of LCU
and composite resin were also analyzed as to differences,
between regression coefficients a and b (regression
coefficient a = depth of cure with close contact between
light tip and restorative composite; regression coefficient

b = reduction of the depth of cure with the increased
irradiation distance). The significance level was set to
p<0.05.

Results
The depths of cure calculated by measuring the
thickness of cured composites remaining, according to the
ISO 4049 test, at each separation and for each light curing
unit, are presented in table 2. The LCU with the lowest
light output had the least depth of cure and the LCU with
the greatest light output had the greatest depth of cure.

Table 2. Mean depth of cure of composites (mm), following 40 seconds light-cure with halogen units and with LED light unit at
increasing distances of the light tip from the composite
Distance (mm)

0

2

4

8

16

32

LEDemetron

6.9 (0.32)

6.7 (0.28)

6.5 (0.30)

5.8 (0.24)

4 (0.12)

2.2 (0.14)

Elipar High Light

5.9 (0.28)

5.7 (0.22)

5.4 (0.20)

4.7 (0.20)

3.5 (0.18)

2.2 (0.10)

Elipar Visio

5.4 (0.26)

5.3 (0.18)

5.1 (0.16)

4.5 (0.16)

3.1 (0.12)

1.9 (0.12)

LEDemetron

6.1 (0.27)

5.9 (0.30)

5.6 (0.18)

4.5 (0.14)

3.5 (0.16)

1.9 (0.10)

Elipar High Light

5.3 (0.24)

5.1 (0.26)

4.9 (0.18)

4.3 (0.16)

3.2 (0.18)

2.1 (0.16)

Elipar Visio

4.7 (0.26)

4.6 (0.20)

4.5 (0.18)

3.8 (0.12)

2.6 (0.12)

1.6 (0.11)

LEDemetron

4.9 (0.30)

4.7 (0.26)

4.3 (0.20)

3.9 (0.14)

2.8 (0.22)

1.6 (0.10)

Elipar High Light

4.5 (0.20)

4.3 (0.16)

4.1 (0.16)

3.7 (0.18)

2.7 (0.12)

1.7 (0.10)

Elipar Visio

3.9 (0.16)

3.8 (0.18)

3.6 (0.19)

3.3 (0.17)

2.3 (0.16)

1.3 (0.12)

A. Filtek Z250

B. Filtek Supreme XT

C. Simile

Analyses of 3-Way ANOVA indicated that there were
statistically significant differences between composite
resins and LCUs (Fig. 3).
The correlation between depth of cure and irradiation
distance is presented in Figs. 4-6, which also gave the
linear regression lines.
Analyses of regression coefficient a (depth of
cure with close contact between light-tip and surface of
composite resin) ranked the LCUs in order of decreasing
effectiveness as follows: LEDemetron > Elipar High Light
> Elipar Visio. Analyses of regression coefficient a ranked
the composite resins in order of decreasing depth of cure
as follows: Filtek Z250 > Filtek Supreme XT > Simile.
As to regression coefficient b, there were statistically
significant differences between the slopes of the 9
regression lines.

The 3 composite resins with the 3 LCUs had not
the same reduction in the depth of cure with increased
irradiation distance.

Discussion
This study evaluated the relationship between depth
of cure and irradiation distance with 3 different restorative
composite resins and 3 different light curing units. The
3 light curing units were selected to reflect a range of
intensities from very low to high, as used in clinical
practice, as identified in previous studies16.
Posterior resin based materials required a high depth
of cure rate for adequate cured restorations, because of
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thickness of restorative materials due to the cavity depth.
Directing the LCU to the gingival margin in Class II
cavities is difficult. Inadequate depth of cure can cause
a weakening of adhesive properties and reduction of
flexural strength, colour stability, micro-hardness and
wear resistance of the composite restorations27.

In light-curing composite resins, the light penetrates
the upper part of the resin, but absorption in the material
prevents the light from reaching the deeper parts.
The free radicals generated in the upper parts initiate
polymerization, but the polymerization will not propagate
in depth beyond a certain limit.

Figure 3. Comparisons between composite resins and LCUs (3-Way ANOVA)

Figure 4. Elipar High Light: relation between depth of cure and
irradiation distance (mean and standard deviation)

Figure 5. Elipar Visio: relation between depth of cure and irradiation
distance (mean and standard deviation).

Figure 6. LEDemetron: relation between depth of cure and irradiation
distance (mean and standard deviation).

Within the limits of experimental error, the mean
depths of cure obtained using LED LCU were about
15-23% higher than those obtained with the halogen
LCUs, for the 3 composite resins used. The larger depth of
cure obtained with the LED lamp can be explained by the
greater light intensity of the irradiance produced by this
LCU.
In this study depth of cure was greatly affected by
light source-specimen distance. At a distance 8 mm,
LEDemetron cured ~5.8 mm of composite resin Filtek
Z250, ~4.7 mm of the Elipar High Light, and ~4.5 mm
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of the Elipar Visio. The maximum depth of cure was
achieved when the LCU tip was in very close distance to
the composite; at 0 mm LED cured ~6.9 mm composite
Filtek Z250, ~5.9 mm Elipar High Light, and ~5.4 mm
Elipar Visio.
Development of narrower LCU tips, which could be
used within the cavity, may help overcome the limitations
of curing from distance and ensure that the deepest parts
of the restoration receive adequate irradiation.
Shortall et al11 have described a relation between
the depth of cure at increasing distances to log10 of the
mean light intensity. Rueggeberg and Jordan28 and Dunne
and Millar3 showed that the reduction light intensity did
not obey the Inverse Square law over distances 0-10 mm.
Our study did not measure light intensity but showed that
increased distance was only reflected to a moderate extent
in the depth of cure. We also found that the depth of cure
did not follow a law of Inverse Square but was reduced in
a linear manner with increasing distance between light-tip
and composite surface. These findings are in agreement
with the results of other studies showing that depth of cure
decreased modestly and in a linear manner with increasing
distance between light-tip and composite surface23,24,29.
Depth of cure of light activated dental composites
may be assessed directly or indirectly. Indirect methods
of assessment include scraping method14-16, visual
method8 and evaluation of surface hardness4,5. Direct
methods assess the degree of conversion, such as infrared
spectroscopy and laser Raman spectroscopy, and have
not been accepted for routine use, as they are complex,
expensive and time-consuming30. The ISO scraping
method used to determine depth of cure is easy to perform
and require minimal instrumentation. However, this test
provides no indication of quality of cure at any point,
including the lower layers adjacent to the soft resin that
was removed31. While the ISO defines depth of cure as
50% of the length of composite specimens after removal
of the uncured material, many studies8,23,24,32, have
defined depth of cure as the total remaining length after
uncured material is removed. The LED LCU appeared
to function well with light depths of cure even at greater
distances and do not support the conclusion of the study
of Cacciafesta et al33. The reduced values recorded in their
study may have been due to the lower light intensity, not
to the type of light source.
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implies that composite resins even in deep proximal
cavities may be sufficiently cured if one uses an effective
LCU and thin layers of restorative material.
LED LCU did not perform differently from
other types of LCU as distance increased. Type of the
restorative composite and LCU used influence the depth
of cure of the restoration.
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Long Term Evaluation of the Sealing Ability of
2 Root Canal Sealers in Combination with
Self-etching Bonding Agents
SUMMARY

Purpose: to compare the short and long-term sealing ability of root
canal fillings consisting of AH-26, Tubliseal and laterally compacted guttapercha in combination with self-etching bonding system.
Materials and Methods: 90 single rooted human teeth were used
in this study. The root canals were prepared using step-back technique.
Sodium hypochloride 5% was used as the irrigant solution. The teeth were
divided into 4 groups. In the specimens of all groups, final irrigation with 5
ml distilled water was performed. In groups 1 and 3, Clearfil liner bond 2V
(Κuraray Medical Inc) bonding system was used. The specimens in groups
1 and 2 were sealed with AH-26 and laterally compacted gutta-percha.
The specimens in groups 3 and 4 were sealed with Tubliseal and laterally
compacted gutta-percha. Microleakage was measured at 7 days, 1 month
and 1 year with fluid transport model.
Results: at 1 week and 1 month, no statistically significant differences
were found between experimental groups. At 1 year, group 1 (Kuraray,
AH-26) was significantly better than groups of Tubliseal.
Conclusions: the use of a self-etching bonding system does not improve
the sealing ability of sealers used in this study (AH-26, Tubliseal) in the
presence of smear layer.

Keywords: Self-etching Bonding Agents; smear layer

Introduction
Microleakage, whether from an apical or a coronal
direction, is still a clinical problem and a possible cause
of failure of endodontic therapy. Therefore, it is important
for endodontic sealers to have a good sealing ability, for a
long time1. Microleakage studies on the sealing properties
of endodontic materials have played an important role.
In recent years self-etching bonding systems are
commonly used in restorative dentistry and also in
the root canal sealing. Self-etching adhesive systems
include primer, containing an acidic monomer, obviating
the need for etch and rinse phases, which significantly
reduces technique sensitivity or the risk of errors during
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application and manipulation2. This is an important factor
when used in root canals.
The use of self-etching bonding systems in
combination with resin based sealers and gutta-percha has
been the focus of many studies recently and the results are
interesting3,4.
An element of constituent in bonding between
filler and root canal wall is the smear layer. Smear layer
is formed on root canal walls as a result of endodontic
instrumentation and acts as a barrier to the adaptation
and penetration of root canal sealers into dentinal tubules.
The self-etching materials have higher pH values than the
acids used with “etch and rinse” adhesive systems, and
the self-etching materials are not rinsed away, but remain
in situ; as a result, the smear layer is incorporated within
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the bonding layers. There are still a number of questions
about the effects of incorporated smear layer and residual
hydroxyapatite crystals into the hybrid layer2,5.
In a previous study6, the use of a self-etching system
(Nanobond) improved the sealing ability of a resin based
sealer (AH-26), but only after the removal of smear layer.
The purpose of the present study was to compare the long
term effects of self-etching adhesive system (Clearfil
liner bond 2V) on the sealing ability of 2 endodontic
sealers (AH-26 and Tubliseal) in the presence of smear
layer.

Materials and Methods
The materials used were AH-26 sealer (Dentsply,
Konstanz, Switzerland), Tubliseal (Sybronendo), Clearfil
liner bond 2V (Kuraray medical INC, Japan) and guttapercha cones (Spident, SPI Dental Mfg, Korea).

Microleakage Evaluation

90 single rooted human teeth used for this study had
been extracted for periodontal and prosthetic reasons and
subsequently stored in distilled water before use. The
crowns were sectioned with high speed bar under water
spray so that all roots were 14 to 15 mm long. A #20 K
file was used in all teeth, 1mm longer than root length, to
assure apical patency.
The canals were prepared with the step-back
technique (steps of 1mm between different file sizes),
using K and Hedstrom files (0, 02 taper) (Dentsply
Maillefer, Ballaigues, Switzerland). The working
length was the same for all specimens (14 mm), and
a #35 master apical file was used. NaOCl 5% was used
as irrigant solution after the use of each instrument.
Delivery of irrigant in the canal was performed with the
use of a syringe equipped with a 27 Gauge needle. All the
specimens were prepared to #55. Paper points were used
to dry the root canals.
The teeth were randomly divided into 4 groups (20
teeth each), numbered from 1 to 4. 6 specimens were used
as controls. In 3 teeth the external surface, including the
apex, was covered with 2 layers of nail varnish (negative
control). The other 3 specimens were filled by lateral
compaction of gutta-percha, without sealer (positive
control). 4 specimens only with bonding system were used
for SEM evaluation. In all groups a final irrigation with 5
ml of distilled water was done. A #20 K-file was used to
re-assure the apical patency and the root canals were dried
with paper points.
In groups 1 and 3, the tested bonding system was
used according to manufacturer’s instructions. Primer
liquids A and B were mixed and, using a cylindrical
microbrush (Tepe, Sweden), self-etching primer was
applied into root canals. Any excess was removed with
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paper points. After 30 sec, Bond liquids A and B were
mixed and applied into root canals with a micro-brush.
Any excess was removed with paper points.
Teeth in groups 1 and 2 were filled with AH-26
sealer in combination with gutta-percha cones. Teeth
in groups 3 and 4 were filled with Tubliseal sealer in
combination with gutta-percha cones. Sealing with any
sealer (AH-26, Tubliseal) and gutta-percha cones was
performed by the same operator as follows. The master
cone, corresponding to the master apical file (#35), was
inserted into root canals (at 14 mm) coated with sealer.
Lateral compaction was performed with the successive
use of finger spreaders sizes 25 and 20. Standardized
cones (#20) were used as accessory points. Sealing was
considered complete when it was not possible to place an
accessory cone further than 2mm into root canal. Excess
gutta-percha was removed with a heated instrument at the
canal orifice and final vertical compaction was completed
with a finger plugger. Excess sealer was removed with a
cotton pellet. After sealing, all specimens, except for the 2
apical mm and the flat coronal surface, were coated with
nail varnish.
Microleakage was evaluated by fluid transport
model as described by Wu et al7. The root sections
were connected to a plastic tube on either side of the
specimen and kept in distilled water at 37oC for 7 days.
A standard glass capillary tube was connected to the
plastic tube on the outlet side of the specimen. Using a
syringe, water was retracted approximately 3 mm into
the open end of the glass capillary. The whole set-up was
then placed in a water bath (20°C) and, using a syringe,
the air bubble was adjusted to a suitable position within
the capillary. A pressure of 0.2 Atm was applied from
the inlet side to force the water through the voids along
the filling, thus displacing the air bubble in the capillary
tube. The volume of the fluid transport was measured
by visual inspection of the air bubble position by the
same observer. The displacement of the air bubble was
recorded as the fluid transport results (L), expressed in
μl/24h.
Microleakage was measured at 7 days, 1 month and
1 year. Between measurements, the specimens were kept
in distilled water at 37°C. The results were analyzed by
nonparametric tests (Kruskal-Wallis and Mann-Whitney
tests).

SEM Evaluation

The bonding system was placed in 4 specimens,
those that were then prepared to be examined by scanning
electron microscope (SEM). After 7 days’ storage in
distilled water, cross sections of bonded interface were
prepared using a microtome. The sections were polished
with 1200 grit SiC papers under copious water irrigation,
then exposed to 6 mol/L HCl for 30 sec and 1% NaOCl
for 10 min8. After carbon sputtering, the specimens were
examined by SEM (JSM 840 A; JEOL Co., Tokyo, Japan).
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Results
Microleakage

In the case of the positive controls, the air bubbles
moved rapidly along the tube as soon as pressure was
applied. No movement of the air bubble in the capillary
tubes was observed in the negative controls. The
microleakage in root sections was measured, as mentioned
before, at 7 days, 1 month and 1 year, and the results
expressed in μl/24h.
Short term results: at 7 days and 1 month, no
statistically significant differences were found between
experimental groups (Tabs. 1 and 2).
Long term results: at 1 year, the group 1 (Kuraray,
AH-26) leaked significantly less than groups of Tubliseal.
No other significant differences were found between
experimental groups (Tab. 3).

A

Table 1. Results of measurement after 1 week (L=μl/24h)
L=0

0<L≤10

10<L≤20

L>20

Group 1

5

2

1

12

Group 2

0

4

2

14

Group 3

4

1

0

15

Group 4

3

0

1

16

Table 2. Results of measurement after 1 month (L=μl/24h)
L=0

0<L≤10

10<L≤20

L>20

Group 1

5

1

1

13

Group 2

0

3

3

14

Group 3

4

0

1

15

Group 4

2

1

1

16

Table 3. Results of measurement after 1year (L=μl/24h)
L=0

0<L≤10

10<L≤20

L>20

Group 1

2

1

0

17

Group 2

0

0

3

17

Group 3

0

1

0

19

Group 4

0

0

0

20

SEM

Scanning electron microscopy evaluation showed
the bonding system in close contact with dentin and the
formation of hybrid layer (Fig. 1).

B
Fig 1. Treated dentin with self-etching bonding system (x 1400) bonding agent in close contact with dentin (de: dentin, hl: hybrid layer,
b: bonding system)

Discussion
Several methods have been used to investigate the
microleakage of root canal sealers. The fluid transport
model, proposed by Wu et al7, offers several advantages
over more commonly used techniques for microleakage
assessment. It has been suggested that the fluid transport
model is both highly reproducible and more sensitive than
dye penetration for detection of full length voids along the
root canal9. This method does not destroy the specimens,
which means that it is possible to assess microleakage at
different time intervals over extended periods using the
same specimen. Leakage should be assessed not only
immediately after sealing but also over time because
sealing needs to be long lasting to be clinically effective.
However, the method requires careful manipulation in
connection with plastic tubes and glass capillaries to avoid
erroneous measurements.
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Combinations of bonding agents and sealers have
been proposed for endodontic sealing. Many studies have
evaluated the effectiveness of these restorative root canal
systems with contradictory results3,4,10-13.
The achievement of bond between adhesive
systems and dentine depends on penetration of
monomers into the conditioned dentine surface to
create micromechanical interlocking between the dentin
collagen and resin and thus to form a hybrid layer14.
Root dentin is a difficult substrate to bond. Many
investigators have studied the structure of radicular
dentin and found differences from coronal dentin14.
Accessory root canals, resorption, the lower number
of dentinal tubules, irregular secondary dentin and the
high configuration factor of root canal are problems for
effective application of adhesive materials.
Besides the unfavorable geometry, there are
other factors that affect bonding to root canal, such as
application of primer deep into root canal, the surplus of
the primer and adhesive solvent that remains within the
bonding structure, lastly the degradation of hybrid layer
done by enzymes released by bacteria and by dentin
itself15,16. Another problem involves the thick smear
layer generated in root canal instrumentation because
it is difficult for mild acidic self-etching bonding agents
to dissolve and incorporate it into the bonding process.
Smear layer removal has been the focus of several studies
aimed at optimizing chemo-mechanical preparation of
the root canal system and seems to reduce microbial flora
and enhance the sealing properties of root canal filling
materials17.
The results of the present study suggest that the use
of self-etching adhesive systems in combination with
endodontic sealers in the presence of smear layer does not
have a statistically significant effect on the sealing ability
of the sealers used in all examined periods. The sealers
used in the present study were a commonly used resin
based sealer (AH-26) and Tubliseal - a eugenol-based
sealer that contains 14% of oleo resin. On the other hand,
a recent study6, examined the microleakage of AH-26
sealer in combination with a self-etching bonding system
(Nanobond) with and without pretreatment with EDTA
solution 15%. They found that the sealing ability of resin
based sealer was improved with the use of bonding system
when smear layer was removed. The removal of smear
layer facilitates better infiltration of resin and sealer into
dentinal tubules and a better seal. These findings are in
agreement with those of Mannocci and Ferrari4.
Self-etching adhesive systems with high pH values
dissolve smear layer and partially demineralise the
underlying dentin surface2. Since self-etching materials
are not rinsed away but remain in situ, smear layer
components are incorporated within bonding layers. The
use of bonding agents into root canals will be the focus of
research in the future.
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Conclusions
The sealing ability of AH-26 and Tubliseal sealers
was not significantly improved if a self-etching bonding
agent was used in the presence of smear layer.
At 1 year measurements, leakage was significantly
less in the group with Kuraray and AH-26 than in groups
with Tubliseal.
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Restoration of Fractured Permanent Teeth in Children
with Composite Resin Veneers

A.B. Belcheva1, I.A. Filipov2

SUMMARY

Crown fractures are common among schoolchildren. They create
serious functional, aesthetic and psychological problems. The clinicians
must propose high aesthetics in the front part and the choice of exact
treatment plan. Repeated reconstructions are needed in many cases because
of compromised results as time passed by. Achievement of promising
restoration that preserves its aesthetics and strength is the greatest desire
for both children and their parents. The aim of this study was to assess the
effectiveness of composite resin veneers used for restoration of fractured
permanent teeth in children.
30 fractured incisors of children aged 12-17 were investigated.
Restorations were made using direct-indirect composite resin veneers, a method
modified by us. Control exams were made after 6 and 12 months. Data were put
in a statistic card. Quality assessment of the composite resin veneers was made
according to the Robertson et al scale of the Californian Dental Association.
The results showed that there were no statistically significant
differences between the investigated indices: colour, marginal stains,
anatomic form, surface structure and marginal adaptation of composite
resin veneers, studied in dynamics. Therefore, the proposed method is
effective for restoring fractured permanent incisors in children.
Keywords: Fractured Teeth; Composite Resin Veneers; Children

Introduction
Tooth fractures are the most common injury among
traumas of permanent dentition. The clinician should
maintain tooth’s healing and restore the aesthetics
and function. It makes the dentist’s job difficult and
responsible. The improvement of contemporary
restorative materials gives alternatives for successful
restorations of fractured permanent teeth in children.
In the last 20 years dentists have manufactured
veneers to the teeth using different techniques for
correction of aesthetic problems. The veneers are divided in
3 groups according to the materials and techniques applied:

1.
2.
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direct composite veneers;
direct-indirect composite veneers and preformed acryl
laminates;
3. indirect (laboratory made) acryl, composite, porcelain
and glass-ceramic veneers.
Introduction of enamel etching technique and
elaboration of hybrid and micro-filled composite resin
materials gives opportunity for more conservative restoration
of fractured teeth in connection with application of minimal
tooth preparation1. In 1975 the first porcelain veneers have
been placed after testament of the connection with tooth
structures15. Development of the adhesive systems leads to
creation of more stabile linkage between bonding surfaces and
tooth structures3,4.
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Indications for utilization of veneers are pretty large.
There are evidences for their usage in tooth fractures,
treatment of diastema, teeth with malformations, change of
position, discolorations3. Veneers are indicated in restoration
of fractured permanent teeth in children for strength
improvement and achievement of satisfied aesthetics11.
There isn’t enough prospective clinical studied showing the
usage of composite resin veneers in children. The aim of
this study was to assess the effectiveness of composite
resin veneers used for restoration of fractured permanent
teeth in children. The null hypothesis was that composite
resin veneers can be used successfully in children as a
conservative method of reconstruction.
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instrument. The suggested cure time was about 60 sec. The
achievement of the aesthetics was done by finishing and
polishing. To eliminate any occlusal interference, a system of
carbide and diamond burs, polishing disks (Soflex discs) and
polishing pastes was used (Kerr, USA).
Control follow-ups were made after 6 and 12 months.
Data were put in a statistic card. Quality assessment
of the composite resin veneers was made according to
the modified Robertson at al scale of the Californian
Dental Association14. Colour, marginal stains, anatomic
form, surface structure and marginal adaptation have
been assessed with the codes A, B, C, D. Relative parts
of restorations that have maximal assessment (А) were
calculated. The results at the 6th and 12th month periods
were compared to that made right after the restoration.

Material and Methods
30 fractured incisors of children aged 12-17 were
investigated. Most of the teeth were with complicated
fractures that needed endodontic treatment; others had
a vast destruction of enamel and dentin without pulp
involvement. The clinical protocol followed the guidelines
given by the IADT for treatment of tooth traumas in
permanent dentition. After that the restoration was made
by direct-indirect composite resin veneers, a technique
modified by us. The fractured incisors were build-up with
composite resin to their normal weight. Tooth preparation
included reduction of tooth structures according to the
technique described by Larson10. Reduction of vestibular
surface was 0.5-0.7 mm. When the colour was changed
dramatically we used intracoronal bleaching with
Opalescence Quick (Ultradent, USA) according to the
manufacturer’s instructions. Proximal finishing lines did
not extend beyond the contact point in the incisal third of the
tooth. It means that the contact point with the adjacent teeth
was preserved. The incisal edge was reduced for 2 mm and
the preparation was finished lingually with enamel bevel.
Bevel’s width depended on the incisal guidance.
The veneers were made by direct-indirect method
from composite resin “Herculite XRV” (Kerr, USA)1.
This method utilized vestibular celluloid matrix, prepared
from the vestibular part of celluloid crown, matching the
anatomic form of the fractured tooth. Enamel and dentin
layers were put in the matrix according to the tooth’s
colour. The matrix with the resin layers was returned to
the tooth that was only cleaned, isolated and dried. Then
the veneer was preliminary cured. The final curing was
made in the polymerizing light box (Fig. 1) for 7 min,
after which the veneer was adjusted to the tooth’s surface
and the adjacent teeth.
The composite resin veneer was tried to the tooth
surface with try-in paste. After etching and bonding,
the composite resin veneer was fixed with dual cement
(Nexus, Kerr, USA). The excess of resin round the
periphery of the veneer was removed at that stage with metal

Figure 1. Light box TransluxCL (Heraeus Kulzer, Germany)

Figure 2. Dynamic changes in the indices in children with fractured
permanent teeth receiving composite resin veneers restorations
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Results
In this study, the restoration of fractured permanent
teeth in children with composite resin veneers was applied
mainly in bigger lost of hard tissues, in considerable
aesthetic problems, when other conservative methods
failed. Manufacture of composite resin veneers in fractured
teeth demands, firstly, the re-creation of the fractured part.
Management of this stage defines to a great extent the final
treatment success. When teeth were endodontically treated,
good aesthetics could hardly be achieved, especially in
cases with permanent discoloration of hard tissues.
Clinical assessment of restoration by composite resin
veneers was excellent at the end of the treatment for the
indices “marginal adaptation” and “surface structure”
(assessment “А” (95- 100%). The index “colour” in some
cases did not manage the exact colour of the neighbouring
teeth. This could be due to the discoloration of some
endodontically treated teeth.
On the 6th month follow-up, quality of the indices
assessed was “very good” (assessment “А” between 91%
and 95%). Lower were values of indices “colour” and
“anatomic form” (90.00±5.48%), but they were also in
the borders of the optimal assessment. At the 12th month
follow-up, quality of all the investigated indices was
assessed above 80% from the maximum. Relatively lower
was the level of the index “marginal adaptation” (Fig. 2).
The inter groups comparison did not find any
statistically significant difference between the indices’
values, studied in dynamics - p>0.05.

Discussion
In the search for an optimal treatment to restore the
aesthetically prominent maxillary anterior dentition, new
materials were continually introduced. The attention
of patients has shifted from function to aesthetics,
biocompatibility of the materials utilized, and conservative
preparation of teeth to be restored. To fulfil patient
expectations, an advanced treatment modality has recently
been developed.
The advantages in restoring fractured teeth with
veneers were discussed in many clinical and experimental
studies. Restorations with veneers were proposed as a
reliable and effective procedure when restoring large
parts of the coronal volume and length in the anterior
dentition12. It was pointed out that the economical and
non-invasive treatment of crown-fractured teeth is among
the considerable advantages of veneering teeth12. The
traditional treatment approaches involved the removal
of large amounts of sound tooth substance (with adverse
effects on the pulp, gingiva and crown biomechanics, as
well as serious financial consequences). Instead, the usage
of adhesive technology provided maximum preservation
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of tissues and limited costs. In our study we used minimal
tooth preparation in order to achieve good aesthetics and
preserve tooth structures. It was in accordance to the
contemporary instructions given from P. Heasman8 for the
usage of composite resin veneers in children. The author
advised composite resin veneers in children for 2 reasons:
the large size of the young pulp horns and chamber and
the immature gingival control.
Direct and indirect resin composite laminate veneers
showed comparable mean fracture strengths7. Microfilled
composite resins were most often used for fabrication of
direct veneers. Some of these materials had insufficient
resistance to masticatory pressure and had different
module of elasticity13. That led to covering hybrid
composite resin with microfilled in order to reduce the
risk of fractures9. In our study we used hybrid composite
for its strength and aesthetic qualities. For improving
quality parameters of composite resin veneers, they were
put under additional influence of high temperature and
light. Thus all free monomers were assimilated and the
polymerization shrinkage minimized5. The modification
of our method included extra curing in a special light
box in order to improve their physical properties. Direct/
indirect composite resin veneers utilize the advantages of
both techniques (direct and indirect) in reconstruction of
restorations.
Direct resin bonding represents a conservative means
of providing aesthetic restoration of the anterior dentition.
Such technique enables chair side control of colour,
morphology, and ultimately, aesthetic results. For optimal
integration, the clinician must thoroughly understand the
capabilities of resin materials and their behaviour when
layered in direct resin build-ups. Fahl demonstrates how
to enhance the appearance of the anterior dentition in an
advanced clinical technique, achieved via tooth whitening
and a combination of Class IV restoration and a direct
resin veneer6.
Patients have many restorative options for changing
the appearance of their teeth. The most conservative
restorative treatments for changing the appearance of teeth
include tooth bleaching, direct composite resin veneers,
and porcelain veneers. Patients seeking aesthetic treatment
should undergo a comprehensive clinical examination
that includes an aesthetic evaluation. When selecting a
conservative treatment modality for children, the use of
minimally invasive or no-preparation veneers should be
considered16.
Composite resin veneers made in our direct-indirect
method allowed to be extra polymerized using additional
heat and light to achieve: higher level of polymerization
- up to 95-98% more compared to 55-60% for the direct
methods; higher mechanical strength for the better
adhesion and composite resin polymerization; better
colour stability for the lower number of free monomers in
the composite resin. Restoration of fractured permanent
teeth using composite resin veneers is a technique
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available to most dental practitioners2,6,7,16. Since it is
a restoration that can easily be repaired, it is especially
suitable for fractured teeth in children. This conservative
treatment uses minimally invasive tooth reduction and
there is no reason for a child to wait until late adolescence
for treatment. Aesthetic problems in childhood and
adolescence can have a significant effect on psychosocial
development and interaction with peers. Abnormalities of
shape, size, colour and structure of the whole or part of
the anterior dentition can lead to such problems2. That was
the reason for us to restore children’s teeth in their early
adolescence. We found composite resin veneers durable
enough to last through adolescence. Our results confirm
the null hypothesis that composite resin veneers can be
used successfully in children as a conservative method for
reconstruction.

Conclusions
4.

5.

When restoring fractured permanent incisors by
utilizing composite resin veneers, the most significant
were changes of the index “marginal adaptation” on
the 12th month follow-up.
The proposed method is effective for restoring
fractured permanent incisors in children. There are
no statistically significant differences between the
indices’ values, studied in dynamics - p>0.05.
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Clinical Evaluation of the New Gingiva-Coloured
Composite, Amaris Gingiva: A 2-Year Longitudinal Study1
SUMMARY

The purpose of this study was to report the 2-year clinical evaluation
of the use of a gingiva-coloured composite, Amaris Gingiva, (Voco,
Germany) for restoration of cervical defects on permanent human teeth.
The study included 16 patients with 128 restorations of cervical lesions
arisen as a result of either gingival recession or worn root dentin. They
were complaining from non-aesthetic appearance and hypersensitivity to
cold. The old restorations were replaced or all defects were treated with
the gingiva-colour composite at corresponding gingival areas, while rest of
the cavities were filled with a pre-polymerized micro-hybrid tooth-coloured
composite (Amaris, Voco, Germany). These combined restorations were
evaluated by 2 examiners at baseline, 6, 12 and 24 month intervals using
USPHS criteria for colour stability, marginal discolouration, marginal
adaptation, caries, anatomic form, surface texture, sensitivity and retention.
The changes in parameters were assessed by Wilcoxon signed rank test at a
significance level of 0.05.
117 restorations were reported with good retention in oral cavity at
a 2-year recall. 2 restorations of the same patient were lost at the second
month and scored as Charlie at the end of the study and lasted with
prosthetic restorations. 7 restorations of other 4 patients were lost at fourth
and tenth months and scored as Charlie at the end. The restorations were
repeated for 3 patients and still survived by the end of a 2-year recall. 95
restorations were evaluated as excellent for colour match at 2-year recall.
The restorations were scored as 9 Bravos and 4 Charlie for marginal
discolouration, 7 Bravos for marginal adaptation and 5 Bravos, for
anatomic form at the end of a 2-year recall (p<0.05).
It appears that Amaris Gingiva as a gingiva-coloured composite seems
an acceptable treatment choice for cervical defects with recessed gingiva,
under the conditions of this longitudinal clinical study.

Keywords: Cervical Defects; Gingiva-Coloured Composite; Amaris Gingiva

Introduction
Tooth wear is a common problem; estimates of its
prevalence indicate that up to 97% of the population are
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affected, with about 7% exhibiting pathological degrees
of wear that may require treatment1. The term tooth wear
is used to describe the processes of erosion, attrition and
abrasion, although the effect of just 1 factor, most notably
erosion, is often dominant2. In a clinical situation it is
often difficult to determine the part played by a specific
causative factor in a single patient demonstrating tooth
wear3,4. Defects mostly affect premolars and canines.
Periodontal disease, aging or habitually exposed root
surfaces are the results of these defects. Gingivitis,
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sensitivity at the cervical area, V-shaped defects and root
caries are clinically observed disorders. Gingival tissue
recession will cause dentinal exposure, followed by a
primary caries, erosion and/or abrasion. Clinically, these
cases should be restored as fast as possible5-7.
The width of keratinized gingival tissue, distribution
of the defects in horizontal and vertical directions and
condition of neighbouring papillae play an important
role on the treatment plans. Recession plus the defects
such as sensitive cervices, aesthetics, V shaped defects
and carious lesions need to be treated meantime. Cervical
abrasions observed in the anterior region, especially in
canines and premolars, are the reasons for complaints
of patients due to aesthetic problems. Most appropriate
conservative restorative treatments for those abrasions
are direct tooth coloured restorations. Composite resins or
compomers are preferred besides being conservative for
being less expensive and requiring only 1 appointment5,7,8.
Advancements in the adhesive technology made
the restorations stronger and more aesthetic during last
decades. Adhesively bonded composite/compomer
materials are the most accepted for the restoration of teeth,
with minimal invasion. However, complete application
of a tooth coloured composite on the recessed gingival
areas will not demonstrate an acceptable appearance.
Coronal length will be longer than biological crown,
meanwhile gingival lines will demonstrate different level
compared to the adjacent teeth. Those extensive lesions
including both hard tissue surfaces at the cervical areas
should be restored resembling in strength and colour to
neighbouring tissues.
There is a very few studies on clinical longevity of
gingiva-coloured materials. Günay and Lührs9 reported
the clinical application of a compomer, Comp Natur,
and demonstrated some cases with 5/6 month and/or
2/6 year recalls. There is also another published case
report by Günay and Lührs with that compomer for
1 year recall10. We recently send a clinical study to
be published about the same material and its clinical
duration for 3 years. Unfortunately there is no report on
the combined use of composite materials with gingivacoloured composites, and its duration clinically. The
most recently developed composite, named Amaris
Gingiva, was used in the present clinical report to
restore the large defects on cervical regions including
both root and coronal parts; patients were evaluated at
2-year recalls.
For the highest standards in aesthetic dentistry,
Amaris Gingiva seems to be the only composite
restorative material that permits chair side application
with gingiva match shade. This new gingiva-shaded,
composite-based restoration system facilitates individual
shade-matching using a combination of a base shade
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(nature) with 3 mixable opaque shades in white, light and
dark. The result is a representation of the gingiva that
appears natural. Through this principle, behind which the
proven With Amaris Gingiva, the high standard placed
on the capacity of modern composites no longer has to
end at the cervical boundary. This new material permits
the reconstruction of the “red-white” boundary with a
predictable result. Amaris Gingiva is also suitable for
other indications. Reconstruction with gingiva-shaded
composite thus represents an important extension of
therapeutic measures after muco-gingival surgery. In
addition, the so-called “black holes” induced by the loss
of interdental papillae as a consequence of periodontitis
or gingival recession may be easily treated with Amaris
Gingiva to provide an aesthetic restoration. Amaris
Gingiva demonstrates an extremely well modelling
with non-dripping, non-running NDT syringe from
the company and may be easily polished to high gloss.
Amaris Gingiva has translucency and shade stability
and exhibits a very low shrinkage with a high filler
content of 80% w/w as a modern composite. According
to manufacturer’s claim, Amaris Gingiva provides longlasting, aesthetic restorations, with low abrasion values
and high compressive and transverse strength.
This paper aimed to evaluate clinical effectiveness
of a new composite, Amaris Gingiva, in a combined
sandwich restoration with pre-polymerized micro-hybrid
tooth-coloured composite (Amaris, Voco, Germany) on
the root surface cervical defects in a 2-year clinical study.

Material and Method
16 patients with gingival recession and worn root
surfaces were treated by 128 restorations in this study
(Tab.1).
Amaris Gingiva (Voco, Germany) is a gingivashade composite restorative system that includes
various colour shades for treatment of cervical defects
of hypersensitive teeth, especially at the anterior region
(Fig. 1). Amaris Gingiva contains BIS-GMA, diurethane
dimethacrylate, TEGDMA, BHT; opaquer with
dimethacrylate, as well as BHT, light cured composite
material. Besides polymerized bonds, there is a double
bonded dicarbonic acid as the content. This system
contains a self-curing adhesive, Futurabond NR, 3
opaquers in different shades (white, light, dark), as well
as a gingiva-shaded filling material.
The old restorations were replaced and all defects
were treated with the gingiva colour composite at
corresponding gingival areas, while the rest of the cavities
were filled with a pre-polymerized micro-hybrid tooth
coloured composite (Amaris, Voco, Germany).
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Table 1. Distribution of patients’ teeth in this clinical trial
Maxilla

Mandible

5

√

√

√

√

√

√

7
8

√

√

9

√

√

10

√

√

11

√

12

√

√

√

√

√
√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

10

9

√

√

√

16

4

2

6

8

10

6

3

1

1

Figure 1. Amaris gingiva is a gingiva-shaded composite
restorative system

Restorative Procedure

Total

2.Molar

√

√

18
√

√

√

20

4

√

√

√

√

11

√

7

√

7

Buccal surfaces of the teeth were cleaned with
pumice and polishing brush. Gingiva was healthy and
adapted well on root surfaces. In the presence of caries,
a minimal preparation was carried out to conserve as
much intact tissue as possible. Non-carious and sclerotic
dentinal surfaces were prepared with minimal invasion by
rotating burs. At the gingivo-axial wall, a small groove
was prepared by a diversion conic bur, with minimal

4

4

8

√

√

√

9

√

√

√
√

10

√

√

5

√

4

√

√

22

√

14

3

√
√

√

√

Total

√

√

√

√
√

√

2

13
15

√

4
√

√
√

√

√

√
√

√

2
√

√

√

√

6
√

1.Molar

√

√

2.Premolar

√

√

1.Premolar

√

4

√

√

Canin

√

√

Lateral

√

√

√

2.Molar

√

√

√

1.Molar

√

√

√

2.Premolar

√

√

Central

√

√

Right
1.Premolar

√

Canin

√

√

Lateral

√

√

Central

√

√

√

2.Molar

√

3

√

1.Molar

2

√

2.Premolar

√

1.Premolar

√

Canin

1.Molar

√

Lateral

2.Premolar

√

Left

Central

1.Premolar

√

1

2.Molar

Canin

√

Patient

Lateral

Right

Central

Left

√

√

√

4

√

√

5
7
2

4

1

3

4

8

7

4

2

1

128

invasive technique. Caries-free cervical defects were
just cleaned with a fluoride-free paste or pumice with a
rubber cup or rotating brush. Retraction cords (Ultrapak,
Ultradent, Utah, USA) were useful to provide a clear
area for the restoration. All residues from the cavity were
removed using a water jet. Any contamination by blood
or saliva following cleaning was avoided. Excess water
was removed with air jet gently, so that it did not dry up
dentine.
Dark or strongly yellow cervical areas impaired the
shade of the filling. These cervical areas were covered
with the enclosed opaquer system before application
of the compomer material. The enclosed shade guide
was an indication of the shade effect of the opaquers in
combination with the compomer. It consisted of the
following light-cured materials: light gingiva, dark
gingiva, white and filling material without opaquer.
The shade could be individually matched by mixing the
opaquer as well.
Shallow cavities needed only application of dentin
adhesive. In the presence of any enamel, a 1-1.5 mm
bevel was prepared. By doing so, the preparation area was
extended and a transient pass to the incisal direction was
obtained. In deep cavities, a liner with a glass ionomer
cement, which had to be applied on the dentinal surface
nearest to the pulp tissue. Rest of the dentin was left intact
for the adhesion.
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Table 2. The USPHS criteria by Anusavice KJ11,, Randall RC et al12 used in the clinical study
Criteria
Retention
Alfa

Restoration is present.

Charlie

Restoration is partially or totally missing.

Color match
Alfa

The restoration matches the adjacent tooth structure in color, shade or translucency.

Bravo

There is a light mismatch in color, shade or translucency but within the normal range of adjacent tooth structure.

Charlie

There is a light mismatch in color, shade or translucency but out side of the normal range of
adjacent tooth structure.

Marginal discoloration
Alfa

There is no discoloration anywhere along the margin between the restoration and the adjacent
tooth structure.

Bravo

Discoloration is present but has not penetrated along the margin in a pulpal direction.

Charlie

Discoloration has penetrated along the margin in a pulpal direction.

Anatomic form
Alfa

The restoration is continuous with the existing anatomic form.

Bravo

The restoration is discontinuous with existing anatomic form, but missing material is not sufficient to expose the dentin or base.

Charlie

Sufficient restorative material is missing to expose the dentin or base.

Marginal adaptation
Alfa

There is no visible evidence of the crevice along the margin into which the explorer will penetrate.

Bravo

There is visible evidence of the crevice along the margin into which the explorer will penetrate
or catch

Charlie

The explorer will penetrate the crevice and dentin or base is exposed.

Delta

The restoration is mobile, fractured or missing either in part or total.

Surface texture
Alfa

The restoration surface is as smooth as surrounding enamel.

Bravo

The restoration surface is rougher than the surrounding enamel.

Charlie

There is a crevice and fracture on the surface of the restoration.

Secondary caries
Alfa

No caries is present at margin of the restoration, as evidemce by softness, opacity or etching at
the margin.

Charlie

There is evidence of carries at margin of the restoration.

Postoperative sensitivity
Alfa

There is no postoperative sensitivity.

Delta

Post operative sensitivity is experienced. No need to change

Charlie

Need to change immediately

Balk J Stom, Vol 15, 2011

Enamel surface was etched with a 35%
ortophosphoric acid gel (Vococid, Voco, Germany) for 30
seconds, washed and dried. Excess water was removed
and adhesive system was applied both on enamel and
dentin tissues. Bonding agent was mixed up and swept
on the etched enamel, dentin and cement surfaces. After
that, it was air-thinned for 5 seconds and light-cured for
20 seconds. 1 drop of liquid A and B was dispensed and
mixed well with a disposable brush. Mixed Futurabond
NR to dentine and enamel was applied and massaged
into the tooth substance for 30 s. Then, it was light-cured
for 20 s.
Opaquer was applied on the surface to obtain a
natural and stable colour appearance. The opaquer was
applied on the surface and distributed as a thin layer, then
light-cured for 20 s. In case of any insufficient covering,
a second layer of opaquer was lined and light-cured again
for 20 s. Opaquer gives the opportunity for colour choice.
Thus last colour was obtained by combination of opaquer
and chosen gingival colour. Opaquer was an important
agent for the colour of the restoration. Therefore the
lighter opaquer was selected according to the colour of the
gingiva.
The composite was applied in layers of 2 mm
thickness maximum and light-cured. Effectiveness of the
curing unit was measured by the radiometer (Demetron,
Kerr) at each application. Each layer was light cured
for 20 s with a halogen light (Bluephase C5, Ivoclar
Vivadent, Liechtenstein); transparent cervical matrices
(Hawe Transparent Cervical Matrices, KerrHawe, Biggio,
Switzerland) were used.
Restorations were rated with a mirror and probe
by 2 experienced dentists independently, at the baseline
after 1 week following the restoration. The restorations
were evaluated by USPHS criteria11,12 at 6, 12 and 24
month following restoration (Tab. 2). The photographic
records of each case were obtained at intervals
allowing further judging the scores. Whenever there
was a disagreement, it was resolved by consensus. The
criterion for post-operative sensitivity was determined
by direct questioning. Periodontal variables such as
plaque and gingival index were also recorded13,14.
Questionnaires were answered by the patients for
their satisfactions about colour match, surface texture,
chewing ability, sensitivity and pain during chewing. All
patients were able to participate to each recall.
The evaluated variables according to USPHS criteria
for baseline, 6, 12 and 24 months were as follows: colour
stability, marginal discoloration, marginal adaptation,
caries, anatomic form, surface texture, sensitivity
and retention. SPSS software (Version 11, SPSS Inc,
Chicago III) was used to perform the statistical analyses.
Significance level was at p=0.05.
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Results
Follow-up data were analyzed by Repeated
Measures of ANOVA (Analysis of Variance). TukeyKramer multiple comparisons test was performed when
a statistically significant difference was found. Results
of the follow-up data and Tukey-Kramer multiple
comparisons test are presented in table 3. Repeated
measures of ANOVA test results for the follow-up data
were followed at table 4.
117 restorations were reported with “good
retention score, Alpha” in oral cavity at 2-year recall. 2
restorations on the same patient were lost at the second
month, and scored as Charlie at the end of the study and
resulted with a prosthetic restoration. 9 restorations of
another 4 patients were lost at fourth, seventh and tenth
months and scored as Charlie at the end of the study.
Restorations were repeated for 3 patients, and then still
survived at the end of a 2-year recall. However that
loss was statistically significant (p=0.049). Moreover,
retention loss was 8.6%.
84 restorations were evaluated as excellent for colour
match at the 2-year recall. The restorations were scored as
9 Bravos, 4 Charlie for marginal discoloration, 7 Bravos
for marginal adaptation and 5 Bravos, for anatomic
form at the end of the 2-year period (p<.05). Only
retention rate, colour match, caries, surface texture and
postoperative sensitivities were significant (Tab. 4).

Patient 1

A 54 year-old female patient had worn root surface
on the mandibular left lateral incisor, canine, first and
second premolars, besides periodontal problems on those
teeth (Fig. 2). She was mainly complaining with her
non-aesthetic appearance and sense of hypersensitivity.
The clinical examination demonstrated a sense of
hypersensitivity to probe, air spray and water.
Dentin was prepared with a stainless steel round bur.
Then retraction floss was applied subgingivally (Fig. 3).
The opaquer was applied on the surface and distributed
as a thin layer (Fig. 4). It was light-cured for 40 s. All
defects were treated with gingiva-coloured composite
at corresponding gingival areas of each root and the rest
of the cavities were filled with a pre-polymerized microhybrid tooth-coloured composite. Figure 5 demonstrates
transparent cervical matrices (Kerr Hawe, Switzerland).
Figure 6 illustrates the buccal view of the restorations
at baseline, and figure 7 demonstrates restorations at the
2-year recall.

Patient 2

A 55 year-old male patient with gingival recession,
worn root on mandibular right canine, first and second
premolars, molars, maxillary right lateral incisor,
canine, first premolar (Fig. 8), mandibular left lateral
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Patient 3

incisor, canine, first and second premolars, maxillary
incisors, canine, first premolar (Figs. 9 and 10) came
to the Department of Operative Dentistry at Marmara
University. Mandibular and maxillary right extensively
worn teeth were treated with the gingiva-coloured
composite at corresponding gingival areas and the rest of
the cavities were filled out with the composite. Figures
11 and 12 demonstrate buccal view of the restorations at
baseline. Figures 13 and 14 illustrate the restorations at
the 2-year recalls.

A 85 year-old male patient with gingival recession,
worn root on maxillary right canine, second premolar, fist
and second molar. Retraction cords (Ultrapak, Ultradent,
Utah, USA) were used to provide a clear area for the
restorations (Fig. 15). Extensively worn teeth were treated
with the gingiva-coloured composite at corresponding
gingival areas and the rest of the cavities were filled
out with the composite. Figure 16 demonstrates the
restorations at the 2-year recall.

Table 3. Distribution frequency of the scores for the evaluated USPHS criteria of restorations
Tukey-Kramer Test
p

Cervical Restorations (n=128)
24 month
follow-up

p>0.05

128

-

-

126

-

2

124

-

4

117 -

11

Color Match

128

-

-

114

12

-

98

26

-

84 33

-

p>0.05 p<0.001* p<0.001*

p>0.05

p<0.05*

p>0.05

Marginal
Discoloration

128

-

-

123

-

3

113

7

4

104 9

4

p>0.05

p>0.05

p>0.05

p>0.05

p>0.05

p>0.05

Marginal
Adaptation

128

-

-

126

-

-

118

6

-

110 7

-

p>0.05

p>0.05

p>0.05

p>0.05

p>0.05

p>0.05

Surface
Texture

128

-

-

126

-

-

117

7

-

110 7

-

p>0.05

p>0.05

p<0.001*

p>0.05 p<0.001* p<0.05*

Caries

128

-

-

126

-

-

124

-

-

117 -

-

p>0.05

p>0.05

p<0.001*

p>0.05 p<0.001* p<0.05*

Anatomic
Form

128

-

-

126

-

-

121

3

-

112 5

-

p>0.05

p>0.05

p>0.05

Postoperative
Sensitivity

128

-

-

103

23

-

118

6

-

117 -

- p<0.001* p>0.05

Bravo

Retention

Alpha

Charlie

p>0.05

Bravo

p>0.05

Alpha

p<0.05*

Charlie

p>0.05

Bravo

12 – 24
month

Alpha

6-24
month

Charlie

6-12
month

Bravo

Baseline Baseline Baseline
6 month 12 month 24 month

Alpha

12 month
follow-up

Charlie

6 month
follow-up

Baseline

p>0.05

p>0.05

Retention
Colour Match

F
2.643
10.733

p
0.0490 (ns)
< 0.001 (ss)

Marginal Discoloration

1.428

0.2342 (ns)

Marginal Adaptation

0.7021

0.5513 (ns)

Surface Texture

8.306

< 0.001 (ss)

Caries

8.306

< 0.001 (ss)

Anatomic Form

1.000

Postoperative Sensitivity

23.708

p>0.05

p<0.01* p<0.001* p<0.001* P<0.01

Table 4. Repeated measures of ANOVA test results
USPHS Criteria

p>0.05

0.3928 (ns)
< 0.001 (ss)

ss: statistically significant; ns: statistically non-significant
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Figure 2. Patient 1 - a buccal view of worn root surface on mandibular

Figure 3. Patient 1 - retraction floss applied subgingivally following

left lateral incisor, canine, first and second premolars

removal of carious dentin

Figure 4. Patient 1 - the opaquer was applied on the surface and
distributed as a thin layer

Figure 5. Patient 1 - The composite applied in layers of 2 mm thickness
maximum and light-cured. Each layer was light cured for 20 s with a
halogen light, with transparent cervical matrices used

Figure 6. Patient 1 - a buccal view of the restorations at baseline

Figure 7. Patient 1 - a buccal view of the restorations at the 2-year recall
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Figure 8. Patient 2 - a buccal view of worn root on mandibular right
canine, first and second premolar, molar, maxillary right lateral incisor,
canine and first premolar

Figure 9. Patient 2 - a buccal view of worn root mandibular left lateral
incisor, canine, first and second premolars

Figure 10. Patient 2 - a buccal view of worn root maxillary central and
lateral incisors, canine and first premolar. Retraction floss was applied
subgingivally

Figure 11. Patient 2 - a buccal view of mandibular right restorations at
baseline and maxillary right worn teeth

Figure 12. Patient 2 - mandibular and maxillary right restorations

Figure 13. Patient 2 - a buccal view of the restorations at the

at the 6-month recall

2-year recall
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Figure 14. Patient 2 - mandibular and maxillary right restorations at the
2-year recall

Figure 15. Patient 3 - a buccal view of worn root on
maxillary right canine, second premolar, first and second molar.
Retraction cords applied

Figure 16. Patient 3 - a buccal view of restorations at the 2-year recall

Discussion
High occlusal loadings cause heavy cervical
concentrations of stress, resulting with the disruption of
the bonds between hydroxyapatite crystals on both enamel
and dentin tissues at the cervical areas. Eventual loss of
cervical enamel occurs as non-carious cervical tooth loss
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or abfraction5. Most composite materials were not used in
longitudinal clinical studies except in a few studies15,16.
Van Dijken15 had stated that it was important to do
same clinical evaluations on new dental materials before
any marketing. This way almost an equal evaluation
would be processed for the subject restorations. Demirci
et al16 evaluated a polyacid modified resin composite in
Class 5 carious lesions at 3 years. They found a 92.4%
retention rate in composite restorations. Our study
evaluated the composite material (Amaris gingiva) at in
vivo clinical conditions using USPHS criteria. Actually
the present study not only evaluated the gingiva-coloured
composite material, but also the composite on the coronal
sides of Class 5 cavities, with a retention rate of 91.4%
(Tab. 3). However, retention loss, which was 8.6% in
this study, should be taken into consideration for the
stability evaluation of restorations. It was observed that 9
restorations were lost in 4 patients at fourth, seventh and
tenth months in our study. The loss might be related to the
material or the patients. The patients might have bruxism
or clenching habits which might not be mentioned at the
initial examination. Meanwhile the compomer may not
be successful on the cavity preparations, it might play an
important role on the retention.
Clinical evaluation of the Class 5 restorations has to
be seen clearly to determine the amount of defects. Since
the area of restorative material covers the whole cavity,
it will play an important role on retention, colour match,
marginal discoloration, etc. The larger the surface area the
more shrinkage possibility occurs. Besides, larger surface
of the cavity means much enamel and dentinal tissue loss
on both coronal and root areas. Therefore, comparing
clinical Class 5 restorations is not appropriate since the
amount of defects is not the same and routine. Due to big
differences that could be observed among the defects, our
suggestion is that reports should contain at least 1 picture
of clinical demonstration.
The paper by Reis and Loguercio17 evaluated
the cervical defects according to their shape, cervicoinsisal height and degree of sclerotic dentin. They did
not prepare any cavity just to evaluate the bonding
agent itself. We only did bevelling on enamel surface of
the defects; rest of the cavity was on dentin/cementum
tissue with no preparation. Actually the defects were so
large in occluso-gingival direction. This causes more
deflection on the occlusal movements. Besides, in order
to fulfil this area, 2 restorative materials were applied and
connected together, which exposed more compressive
and flexural strength under occlusal forces. Günay and
Lührs9 suggested a compomer material, Comp Natur,
to be used for patients older age, or with dental fear, or
under general or local risk factors, or for Class 3 and 4
recessions, with questionable prognosis of the surgery.
They reported successful results at 5 months, 2 and 6-year
recalls with few patients. They prepared a chamber style
cavity design to hold the compomer more. We did not
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prepare any retention aid on the cavities in our study.
Failure of the restoration as “aesthetic sandwich method”
in our study was 2, as Charlie, at 3rd month, 4 at 6 month,
and 11 at 2-year as retention criteria. It was interesting
that when there was a failure, both restorations, composite
and gingiva-coloured, were lost together. That might be
the result of good adhesion between 2 composites. Loss
of each one might have caused the loss of support against
occlusal forces.
Retention loss was statistically important between
baseline, 6, 12 and 24 months (p=0.0490). This loss
was rated as 8.6% for the 2-year recall. Application of
retraction cord for the restorations prevented the cavity
from moisture by sulcular liquid. This is an important
stage during polymerization of the composites. Colour
match seems a little problem for the composite used.
Alpha score was 65.63% for colour match, while 25.78%
for Bravo. In clinical use, we noticed that opaquer use
may need some experience from colour match point
of view. Although it was found statistically significant
(p<0.0001), there was not a new caries progress since
the lost restorations were recorded as 117 in number
when compared with baseline. Surface texture results
were 5.98% not in good shape. Since it was a combined
restoration, plaque might be an important issue. No
postoperative sensitivity was reported at the remaining
117 restorations.
This study presented the combination of an
aesthetic Class 5 sandwich restoration method. Since
coronal surface of these cervical cavities had to have
a tooth colour and cervical region needed the gingival
appearance, the composite and gingiva-coloured
composite was combined in a Class 5 cavity preparation
and we called it as an aesthetic sandwich method.

Conclusion
Under the conditions of this 2-year clinical trial,
although retention needs to be increased with some
cavity modification, colour match may be monitored
with more opaquer and warning with hard toothbrushing
might be monitored. It seems that Amaris gingiva, as a
gingiva-coloured composite material, is a promising and
an acceptable treatment choice for those cervical defects
extending on root dentin with recessed gingiva.
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Glutathione-Dependent Enzymes Biomarkers of Inflammatory Process in
Patients with Cellulitis of Maxillofacial Area
SUMMARY

Introduction. Inflammation-destructive process, accompanying
cellulitis, leads to the disturbances of metabolic processes and an imbalance
of the antioxidant defense system. Increased free radical generation and
lipid peroxidation has been considered to play an important role in the
pathogenesis of cellulitis. Salivary parameters (components) reflect the
patients’ metabolic state and have clinical-diagnostic significance.
Aim. To examine glutathione enzymatic redox-system, including
glutathione, glutathione reductase, glutathione peroxidase and glutathioneS-transferase in plasma and leucocytes of the patients with cellulitis of
maxillofacial area, treated with complex therapy.
Material and Methods. 20 patients (18-45 years old) and 15 healthy
subjects were examined. Patients were treated with comprehensive therapy,
including antioxidant remedy “Aevitum” (35 mg retinol acetate and 100
mg α-tocopherol acetate) during 7 days. The activities of antioxidant
glutathione-dependent enzymes and content of glutathione were determined
in blood plasma and leucocytes of the patients with cellulitis using spectrophotometry.
Results. Inflammation process led to the imbalance of antioxidant
glutathione-dependent defense system in patients with cellulitis. The results
suggest that complex therapy with “Aevitum” was effective and partially
restored imbalance of the antioxidant defense. Spearman’s correlation
analysis showed positive correlation between glutathione-dependent
enzymes in blood plasma and leucocytes of the patients with cellulitis in a
week time of complex therapeutic course.
Conclusion. Glutathione-dependent enzymes may be biomarkers of
the inflammation process in patients with cellulitis; their activities reflect a
degree of pathological process activity.

Keywords: Glutathione-reductase; Glutathione-peroxidase; Glutathione-S-transferase; Cellulitis

Introduction
Cellulitis of the maxillofacial area is infectious
destructive process. Odontogenic inflammation in oral
cavity is most frequently primary lesion, followed by
sinusitis, otitis, as well as radiation therapy and surgical
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procedures11,15. Odontogenic infections are still a common
problem in daily dental practice. Fundamental management
principles are keys to successful outcome of patients with
cellulitis: early diagnosis, early initiation of antimicrobial
therapy, and correction of metabolic9. An antimicrobial
therapy plays a significant role in the treatment of
maxillofacial cellulitis. Course and duration of treatment
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depend on the patient immune response and microbial and
environmental factors3.
Inflammatory disorders are the result of complex
interactions between pathogens and the host’s immune
response. Important and interrelated factors that are
involved in the patho-physiologic progression of cellulitis
are activation of oxygen radicals and their related
metabolites. Increased production of oxygen radicals may
contribute to oxidative stress16,17. Reactive oxygen species
(ROS) lead to oxidative stress and moderate to low level
of function in cellular signaling pathways. Most reactive
oxygen species are generated in cells by mitochondrial
respiratory chain13. Especially important are free radicals
in hypoxic signaling pathways, which have important
implications for inflammation in patients with cellulitis.
Inflammation is an activating factor of peroxide
oxidation of lipids (POL) in soft tissues of patients
with cellulitis, metabolic disturbances of protein, lipid,
carbohydrate and water-mineral metabolism8,19. Search
of the newest and most effective drugs and methods for
treatment of patients with cellulitis at the early stage of
the disease has special value in modern surgical practice
of maxillofacial area. For solving this problem doctors use
different drugs and methods for comprehensive treatment:
surgical procedures, antibiotics, perftoran, poli-vitamin
therapy, etc2,10,12. Sometimes doctors use the complex
therapy, included the traditional therapy and additional
remedies with homeopathic, anti-oxidative, immunomodulating, hormonal and other properties.
The purpose of this investigation was to examine
glutathione
enzymatic
redox-system,
including
glutathione, glutathione-reductase, glutathione-peroxidase
and glutathione-S-transferase in plasma and leucocytes
of peripheral blood of patients with cellulitis in the
maxillofacial area treated with complex therapy: common
surgical procedures and anti-oxidative therapy.

Material and Methods
20 patients (18-45 years old) with cellulitis of
maxillofacial area and 15 healthy subjects (control group)
were examined. Complex therapy included the traditional
surgical procedures and the additional traditional
therapeutic course with “Aevitum” (35 mg retinol acetate,
100 mg α-tocopherol acetate) during 7 days.
Leucocytes were separated from blood using Boyum
method1. Leucocytes were prepared during incubation
with 0.1% Triton X-100 solution (final concentration)
during 30 min and centrifugation at 600g 10 min.
Content of glutathione and activity of enzymes have
been determined with spectro-photometry (Humalyzer
2000, DE). Glutathione-reductase (GR, EC 1.6.4.2)
and glutathione-peroxidase (GP, EC 1.11.1.9) activities
were determined with our own methods5. Glutathione-S-
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transferase (GST, EC 2.5.1.18) activity was determined
with Habig and Jacoby method7. Glutathione’s content
was determined with Sedlak, Lindsay method14, and
protein content with pyrogallol photometric test18.
The results were calculated with the help of statistical
Student’s method and Microstat: Microsoft Excel 2003
program. Spearman’s method of nonparametric correlation
was used for examination of interrelations between the
salivary parameters6.

Results
Our results of the activity of glutathione-dependent
enzymes and content of glutathione in blood plasma
of the patients with cellulitis during therapeutic course
are shown in figure 1. As it can be seen, glutathionereductase activity before treatment was 84.6%, which
was significantly different in comparison with the healthy
individuals (p>0.05). On the 7th day of the treatment
course of complex therapy with “Aevitum”, glutathionereductase activity decreased to 38.5% (p<0.05).
Plasma activity of glutathione-peroxidase in patients
with cellulitis before treatment was 72.4%, which was
significantly different in comparison with the healthy
individuals (p<0.05), and increased to 114.6% (p>0.05)
after the anti-oxidant treatment. Glutathione-S-transferase
activity in plasma of patients with cellulitis decreased
after the anti-oxidant course from 48.36% to 41.1%
(p<0.05). Glutathione content in blood plasma of patients
with cellulitis at the initial stage of the disease was
increased in comparison with healthy subjects (p<0.05),
and decreased after the anti-oxidant treatment (p>0.05).
Results of investigation of the glutathione-dependent
enzymes activities and content of glutathione in
leucocytes of the patients with cellulitis are presented in
figure 2. Activity of glutathione-reductase in leucocytes
of patients with cellulitis before treatment decreased after
the anti-oxidant treatment from 73.5% to 38.7% (p<0.05).
Glutathione-peroxidase activity was increased at the first
stage of cellulitis in patients’ leucocytes and significantly
decreased (p<0.05) after the anti-oxidant treatment.
Similarly, the activity of glutathione-S-transferase in
leucocytes of patients with cellulitis was increased
before the treatment and decreased significantly after the
treatment (p>0.05). Content of glutathione in leucocytes
of the patients with cellulitis was increased before the
treatment and decreased after the anti-oxidant treatment
(p<0.05).
Results of Spearman’s correlation analysis of the
results are shown in table 1. Spearman’s nonparametric
analysis indicated the strong positive interrelation between
activities of glutathione-reductase and glutathione-Stransferase in blood plasma and leucocytes of patients
with cellulitis before and after treatment.
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Figure 1. Activities of glutathione-dependent enzymes and content of
glutathione in blood plasma of patients with cellulitis during therapeutic
course 1 – GR; 2 – GP; 3 – GST; 4 – GSH. The first column - before
treatment; the second column – after treatment. Healthy – 100%.

Figure 2. Activities of glutathione-dependent enzymes and content of
glutathione in leucocytes of the patients with cellulitis during therapeutic
course 1 – GR; 2 – GP; 3 – GST; 4 – GSH. The first column - before
treatment; the second column – after treatment. Healthy – 100%.

Table 1. Interrelation between glutathione-dependent enzymes and glutathione in blood plasma and leucocytes of
patients with cellulitis

Enzymes

Healthy

Patients with cellulitis
Before AOT

r

p

After AOT

r
B

l

o

o

p
d

p

l

a

r
s

m

p

a

GR-GP

+0.830

<0.005

-0.277

>0.05

+0.697

<0.025

GR-GST

+0.714

<0.025

+0.503

<0.05

+0.818

<0.005

GR-GSH

+0.603

<0.05

+0.091

>0.05

+0.867

<0.001

L e u c o c y t e s
GR-GP

+0.685

<0.025

-0.313

>0.05

+0.927

<0.001

GR-GST

+0.728

<0.025

+0.446

<0.05

+0.816

<0.005

GR-GSH

+0.721

<0.025

+0.280

>0.05

+0.830

<0.005

Analysis between activities of glutathione-reductase
and glutathione-peroxidase in plasma and leucocytes of
patients before treatment didn’t show the interrelation
(p>0.05). In a week, complex therapy including the antioxidant treatment restored their functional interrelation
(p<0.001). Relative results of correlation analysis existed
between glutathione-reductase activity and content of its
coenzyme glutathione. Only after therapeutic course with
the anti-oxidant treatment, their interrelation was restored,
both in plasma (p<0.001) and leucocytes (p<0.005).

Discussion
Inflammation-destructive process, accompanying
cellulitis, leads to metabolic imbalance and disturbance

of enzymatic glutathione redox-system. The main
biological role of glutathione-reductase is based on the
reduction of oxidized glutathione (GSSG) to its reduced
form (GSH) with utilization of NADPH+. Hydrophilic
antioxidant glutathione is the main component of redoxbuffer of the intracellular medium. Glutathione-associated
metabolism is a major mechanism for cellular protection
against agents which generate oxidative stress and
peroxide oxidation of lipids (POL). Recent genetic and
biochemical evidence has demonstrated that glutathione
and glutathione-dependent enzymes play a central role
in the cellular defence against toxic agents. Glutathione
peroxidase protects our cells against lipid peroxides
and hydro-peroxides. Another enzyme, glutathioneS-transferase, catalyzes the conjugation of GSH with
different toxic and mutagenic compounds, which are
generated during lipid peroxidation processes.

98 Ludmila Gavriliuc et al.

Inflammation process leads to metabolic imbalance
of antioxidant enzymes and intoxication, which reflects
the increase of glutathione content and activities of
glutathione-peroxidase and glutathione-S-transferase
in plasma, and especially in leucocytes of patients with
cellulitis before treatment. Complex therapy, including the
anti-oxidant treatment decreased activities of glutathionedependent enzymes and content of glutathione, already
in a week. Leucocytes participate in the process of
phagocytosis, which takes place in blood of patients with
cellulitis. Our results of the state of enzymatic redoxsystem of glutathione reflect the activity of inflammation
process in tissues of patients with cellulitis.
In our early study, we treated patients with cellulitis
of maxillofacial area with complex therapy, including the
anti-oxidant treatment with “Aevitum”, and investigated
the dynamics of activities of the glutathione-reductase,
glutathione-peroxidase and content of glutathione
during the treatment in tissues around cellulitis, skin and
muscles4. In a week of the complex therapy, including the
anti-oxidant treatment, the imbalance of the glutathionereductase/glutathione-peroxidase system in the skin
and muscles has partially been corrected. This fact was
confirmed by the dynamics of activities of glutathionedependent enzymes, the more effective improvement of
the patient’s health status, and treatment course duration.
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Evaluation of Effectiveness of
Basic Life Support (BLS) Training and
Retention of BLS Knowledge and Skills 8 Months after
Training Undergraduate Dental Students
SUMMARY

Aim: The aim of this study was to evaluate the level of knowledge,
skills and learning outcomes of dental fourth-class students after basic life
support (BLS) course and to analyse the effectiveness and retention of BLS
training after 8 months.
Methods: 52 dental school fifth class students who had received BLS
training 1 hour per week and 1 hour practical course over a period of 4
weeks during their 4th year by a certified anaesthesiologist were included.
The students were assessed with a test during both at the fourth and fifth
years. Following the second test, a practical examination was performed
with the same testing scenario on a manikin.
Results: Students showed a significant improvement after 8 months
in defining the sequence of actions of BLS (p<0.001). However, when
compared in terms of providing air-way opening and applying the automated
external defibrillator, the difference was not significant. In the practical
exam, students achieved many parts of the algorithm correctly, such as
checking for response and opening the airway. The students were able to
perform opening the airway and giving chest compressions successfully.
However; there was a significant decrease in their abilities in defining the
sequences of actions of BLS.
Conclusion: These results emphasize the necessity of continuous
repetition of BLS training during dental education.

Keywords: Basic Life Support Training; Dental Students; Dentist; Emergency

Introduction
First aid and basic life support (BLS) are components
of chain of survival for a person experiencing a life
threatening emergency. In Turkey, the number of first
aiders is few in quantity and yet is required for many
settings, such as earthquake, traffic accidents and
cardiovascular diseases. In each of the above mentioned
situations, it takes time for emergency professionals to
arrive at the site of medical emergency1.
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BLS skills are key elements in the undergraduate
curriculum for medical, dental and other health-care
providers. There are currently no agreed international
standards for dental student training and there is a wide
variation in its duration, its content and in the years of
study in which BLS is taught7,10. Also, the methods of
teaching are not the same around the world6,12.
Formal resuscitation training begins in the fourth
class, with a 5 hour BLS course, at the Faculty of Dentistry,
University of Yeditepe, taught by anaesthesiologists with
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a certificate of advanced cardiopulmonary resuscitation
(CPR), given by Turkish Resuscitation Society known
by European Resuscitation Council (ERC). At the end of
the fourth year, the students are expected to be competent
in the recognition and initial management of medical
emergencies, including the BLS and the procedure of
defibrillation with the placement of Automated External
Defibrillators (AEDs).
The aim of this study was to evaluate the level of
knowledge, skills and learning outcomes of dental fourthclass students after a 5 hour BLS course, and to analyse
the effectiveness and retention of BLS training after 8
months.

Methods
The BLS is a theoretical and practical course, with
the aim of teaching students the essential knowledge and
practical skills required for treating the adult patient in
need of BLS and the version used was that proposed by
ERC in 2005.

Participants

52 dental school (fifth class) students were included
in the study. All participants were informed that their
performance would be evaluated and the results used
for scientific purposes. No personal data except age and
gender were collected and furthermore, no damage caused
to anybody’s health was expected because the training
AED uses no current. Therefore, we did not need to
obtain informed consent from each person. None of the
participants were prompted or prepared in any way prior
to the study.
The students had received BLS training and AED
course 1 hour per week over a period of 4 weeks and 1
hour practical course (classroom-based demonstration)
after the theoretical part during their fourth year by a
certified anaesthesiologist (ERC 2005 standards). The
learning outcome of the course was to be competent
in the recognition and initial management of medical
emergencies including, the BLS and the procedure
of defibrillation with the placement of AEDs. The
assessment stages of the learning outcome were as
follows: a) defining the sequence of actions of BLS;
b) listing the stages of BLS; c) checking for response;
d) providing air-way opening; e) performing chest
compression; f) applying the AED.

Study Protocol

After the theoretical and practical course, the
students were assessed with a test containing 5 multiplechoice questions which were based on the content of BLS
training. (Tab. 1)
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Table 1. Questions at the Theoretical Test
Correct sequence of actions for adult BLS
Listing stages of BLS
Provide air-way opening
Chest compression
AED application

4 months after the BLS training, handouts showing
the stages of BLS were given to students to remind them
the knowledge of BLS. 8 months after the initial testing,
when they were at the fifth class, the students were again
assessed with the same test theoretically. Following the
second test, an identical setting was established and a
practical examination was performed with the same testing
scenario on a manikin. After prompting, each subject was
given a standardised phrase “An earthquake was happened
and you were in the rescue team. You saw a person laying
on the street. This person is unconscious, not breathing and
has no signs of circulation. What will you do? Show how to
apply AED”. The answers were compared to the expected
management listed in the first aid manual of ERC. All
participants were tested individually without knowing other
participant’s performance.
Each of the students was asked to manage the
situation as instructed in the previous training without
any assistance, and using only the equipment provided.
The students were not prompted or encouraged to use
any equipment or undertake any first aid activities, and
the scenario lasted 10 minute. To provide a standardised
and reproducible setting the manikin was positioned
on a table. Manikin was suitable for providing airway,
performing chest compression (4-5 cm), ventilation
(400-500 ml) and rescue breaths. AED was monophasic,
giving 150 J. 1 physician (certified instructor of the
Turkish Resuscitation Society known by ERC), skilled
in providing and teaching BLS, was present during
the performance of each participant and recorded data.
Accurate listing of the stages of BLS, application of airway opening and chest compression were tested in the
practical exam. Correct placement of the electrode pads
was attested if the left pad covered at least 50% of an area
circumscribed by the nipple line superiorly, costal margin
inferiorly, mid-clavicular line medially and mid-axillary
line laterally. The right pad had to cover at least 50% of an
area circumscribed by the clavicle superiorly, nipple line
inferiorly, anterior axillary line laterally and right sternal
margin medially.

Statistical Analysis

The test for the significance of difference between 2
independent percentages was calculated.
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Results
52 dental fifth class students, 24 males (35.6%)
and 28 females, (64.4%), with a mean age of 23.6 ± 1.1
years, (range 22-27 years), were included in the study. A
p value of <0.01 was considered to indicate significance.
Figure 1 shows the results of the first, whereas figure 2
shows the results of the second theoretical exam. Students
showed a significant improvement after 8 months in
defining the sequence of actions of BLS (51.9% and
90%, respectively, p<0.001). However, when compared
in terms of providing air-way opening (84.6% and 90%)
and applying the AED (57.7% and 76.9%), the difference
was not significant. Positioning of the electrode pads was
performed correctly by 57.7% of the subjects in the initial
test without instructions, and increased to 76.92% in the
second evaluation. During initial testing, students scored
better in listing the stages of BLS (80.9% and 42.3%
respectively, p<0.001) and performing chest compression
(84.6% and 76.9%). However, in the latter, the difference
was not significant.

Figure 3 shows the practical exam results. In the
practical exam, students achieved many parts of the
algorithm correctly, such as checking for response and
opening the airway. All of the participants demonstrated
some components of initial assessment (airway opening
manoeuvres, breathing and circulation) before moving on
to CPR. However, 39 participants could not demonstrate
safety, responsiveness. Only 2 participants performed all
components in the correct sequence. Some participants
experienced difficulties delivering initial ventilations
and this delayed the start of chest compressions. Many
participants had difficulty in finding the correct hand
position for chest compressions, delivering compressions
at the midline of the lowest third of the sternum.
All participants placed the sternal AED electrode
in the correct location, but only 3 participants placed the
apical electrode on the left side of the upper abdomen. All
subjects responded appropriately to the pulseless electrical
activity (PEA) component of the scenario by following
the AED voice prompts, demonstrating an appropriate
assessment and commencing CPR.

Figure 1. Results of the first theoretical exam

Figure 2. Results of the second theoretical exam

Figure 3. Results of the practical exam
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Discussion
Although several reports deal with the resuscitation
performance of dental students, with variable results,
as to our knowledge, no specific evaluation of retention
of BLS has been performed15. This study was designed
to determine the effectiveness of our BLS educational
programme among the students of dentistry and retention
of BLS training after 8 months.
BLS with external cardiac compressions (ECC) and
rescue breaths is an important part of CPR. In the event
of a patient medical incident, there can be delays of more
than 20 minutes to several hours before expert assistance
is available. When a layperson initiates BLS before the
arrival of the emergency medical service (EMS), survival
increases two to threefold14.
Medical emergencies are not rare in the dental
office as described by Fast et al6 and Malamed et al16.
It is therefore important that dental students be trained
to an appropriate level of proficiency in the first aid and
resuscitation skills. The major skills required in the
CPR are chest compressions and rescue breaths. Chest
compressions are important for perfusion of vital organs
and priming the heart for successful defibrillation.
Delivery of adequate rescue breath volume is required
for ventilation and proper performance is vital to
minimise stomach inflation19. The evidence of the greater
importance of BLS procedures, especially of external chest
compressions, was recently reviewed by Fries and Tang9.
However, studies of healthcare and lay rescuers show
that resuscitation skills degrade quickly and knowledge
is retained longer than skills. Variables affecting skills
retention are many and difficult to isolate. Factors that
positively affect skills retention include: (1) handson practice; (2) instruction simplicity; (3) multi-media
presentations; and (4) feedback from instructors. Factors
that negatively affect retention are: (1) insufficient handson practice; (2) inconsistent teaching; (3) unrelated course
content; (4) complex instruction; (5) delays between
instruction and skills practice; (6) lack of supervision; (7)
low instructor feedback; and (8) instructor incompetence18.
Acquisition of BLS skills can be difficult. While the
ERC recommends a ratio of only 6 students per instructor,
we have only 1 qualified instructor for 52 students. One
study reported that lay rescuers performed only 1.7% of
rescue breaths and 3.5% of chest compressions correctly
immediately after instruction. Ventilation technique has
been documented to be poorly acquired with ventilation
flow rates, tending to be in excess of guidelines13.
Retention of BLS skills is also poor, particularly chest
compressions and rescue breaths2,19,20. The evidence of
the greater importance of BLS procedures, especially
of external chest compressions, was recently reviewed
by Fries and Tang19. The suggestions made are based on
several studies, indicating the increasing importance of
external chest compressions even in combination with
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early defibrillation. The unsatisfactory retention of skills
concerning CPR-skills, even of health care professionals,
makes it worthwhile to shorten the time devoted to
AED instruction, to allow the benefit of more intensive
training of BLS procedures3. A period of 8 months might
be not enough to represent a long term interval since the
likelihood of attending a real cardiac arrest within this
period for these subjects is very small.
Moser and Coleman reviewed the retention of the
skills and found that skill retention starts declining as
early as 2 weeks after the initial training and often reaches
pre-training levels after 1 or 2 years. The poor acquisition
and retention of skills are likely to contribute to the low
survival rates from cardiac arrest. A large-scale study has
shown that only 2% of patients suffering out-of-hospital
cardiac arrest survived to hospital discharge17.
Woollard et al24 measured lay subjects’ skills with
a mean age of 35 years (range 19-65 years) before,
immediately after, and 6 months after training and
found that although training did produce immediate
improvement in skills, the skills had deteriorated
significantly 6 months later. For example, 32% of subjects
assessed responsiveness adequately before initial training,
84% did so immediately after training, and 72% did so 6
months after training24. Braslow et al. showed that only
15% of subjects tested immediately after training in a
traditional CPR course met all ensured manikin criteria
for compressions and only 25% met all ensured manikin
criteria for ventilations. 2 months later, performance
declined to 13% and 17%, respectively. Subjects in the
same study who had trained using Video self-instruction
(VSI) performed better than traditionally trained subjects4.
Retention of BLS skills diminishes rapidly over time.
Training may improve BLS quality and there is evidence
that the instructor might be the weak link. The ideal
interval between 2 refresher courses is not established.
Further research of educational methods for resuscitation
training is needed23.
Resuscitation courses provide an environment in
which appropriate skills can be developed and experience
gained. More frequent refresher trainings and more time
for hands-on skills practices are essential to maintain
skills11,21,22. Therefore, dentists should be regularly
re-trained, although there is no clear guidance on the
frequency that this should occur. Clinical Negligence
Scheme for Trusts (CNST) guidelines recommends annual
BLS updates. Appropriate training should be required to
achieve good standing in BLS continuing professional
development programme5.
When the BLS training starts in the first year of
dentistry and repeats yearly until students graduate,
acquisition of BLS skills will be better and the students
will feel more self-confidence. Also each training activity
should be supervised by a sufficient number of certified
trainers. Although our students improved their acquisition
of skills over a training period of 5 weeks, the final results
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cannot be considered satisfactory. This fact is especially
disappointing among future professional health care
providers, such as dentists, who must be specially trained
and prepared to deal with patients who suffer collapse.
The use of real-time automated feedback devices as part
of BLS training and also in the dentistry schools could be
considered as a way of improving BLS performance.
The level of training delivered and the training
techniques employed are important factors in the retention
of BLS and AED skills, but this has not been examined in
this study.
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5.

6.

7.

8.

Conclusion
The present study provides evidence that 5 hour BLS
course during the 4th year of dentistry education is not
adequate. More frequent resuscitation refresher courses
could help dentists’ life-saving skills.

9.

10.

Limitations of the Study

The lack of real-time automated feedback devices as
part of BLS training is one of the major limitations that
affect the correct evaluation of students.
While the ERC recommends a ratio of only 6
students per instructor, we have only 1 qualified instructor
for 52 students.

11.

12.
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Radio-Opacities of the Cervical Region on Panoramic
Radiographs: Report of 3 Cases
SUMMARY

Dilhan Ilgüy, Mehmet Ilgüy,
Semanur Dölekoğlu, Erdoğan Fişekçioğlu

Objectives: The objective of this case report was to determine radioopacities of the cervical region on panoramic radiographs using doppler
ultrasound.
Methods: 3 patients with radio-opacities of the cervical region on
digital panoramic radiographs were referred to doppler ultrasound for
further diagnosis.
Results: In 2 cases carotid artery calcifications were identified as an
irregular radio-opaque mass on panoramic radiographs. The calcifications
in the third case were diagnosed as calcified lymph nodes due to a previous
cervical abscess.
Conclusions: Calcifications detected by panoramic radiographs
may be due to the carotid arteries and various anatomic structures like the
hyoid bone, cervical lymph nodes, epiglottis, stylohyoid ligament etc. In the
present report, calcifications in the carotid arteries should be distinguished
from other radio-opacities in this area as they may be an early sign of
cardiovascular diseases.

CASE REPORT (CR)

Keywords: Carotid Artery Calcifications; Panoramic Radiographs; Cardiovascular Disease
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Introduction

Case Reports

Radio-opacities of the cervical region detected on
panoramic radiographs may be due to either various
anatomical structures like hyoid bone, styloid process,
stylohyoid ligament, stylomandibular ligament, thyroid
cartilage, epiglottis, soft palate, tongue, auricle, atlas,
vertebrae, or different pathological lesions like carotid
arteries calcifications (CAC), calcified lymph nodes,
phlebolits, submandibular salivary gland sialoliths,
loose body, tonsilloliths, calcified acne. It appeared that
distinguishing carotid artery calcifications on panoramic
radiographs from other differential diagnoses could be
difficult and subject to subjective interpretation¹.
In the present report, 2 cases with calcifications in
the carotid arteries should be distinguished from other
radio-opacities in this area as they may be an early sign of
cardiovascular diseases.

Case 1

A 72-year-old male patient presented to our Oral
Diagnosis and Radiology clinic with a complaint
of dental caries. His medical history revealed
atherosclerosis and mild heart failure that was controlled
with oral medication. He had no history of stroke.
A digital panoramic radiograph (Promax, Planmeca,
Helsinki, Finland) was taken during his dental
examination (Fig. 1). Irregular, non-homogenous radioopacities were seen inferior to the angle of the mandible
and the region of C3 and C4 on the right. The patient was
referred to the doppler ultrasound for further diagnosis.
Ultrasound examination confirmed radiographic finding
of carotid calcifications on panoramic radiograph.
Echogenic calcified plaques were seen in carotid arteries
with 40-45% stenosis (Figs. 2-4).
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Figure 1: Panoramic radiograph of the patient.

Figure 4: Doppler ultrasound imaging of the left
carotid artery of the patient.

Case 2

Figure 2: Doppler ultrasound imaging of the right
carotid artery of the patient.

A 62-year-old female patient presented to our clinic
for a comprehensive dental care. She had atherosclerosis
and hypertension controlled with oral medication and she
had no history of stroke. On digital panoramic radiograph,
radio-opaque lesions were detected inferior to the angle
of the mandible and the region of C3 and C4 on the right
(Fig. 5). The radiographic findings of calcifications in the
cervical region were analysed by the doppler ultrasound.
Echogenic calcified plaques were seen in both the right
and the left carotid arteries.

Figure 5: Radiopaque lesions on panoramic radiograph.

Case 3
Figure 3: Doppler ultrasound imaging of the right carotid
artery of the patient

A 62-year-old female patient presented to our clinic
for routine control. Her medical history showed that
she had chronic renal failure due to polycystic kidney,
allergy and hypertension which was controlled with
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oral medication. On the digital panoramic radiograph
which was taken during her dental examination (Fig. 6),
multifocal radio-opaque masses of various dimensions
were observed inferior to the angle of the mandible and
the region of C3 and C4 on the right. The patient was
referred to the doppler ultrasound analysis for further
diagnosis. According to the doppler ultrasound report, no
pathological process was detected.

Figure 6: Radiopaque masses on panoramic radiograph.

Discussion
In recent years, a number of publications described
detection of calcifications in the region of the bulb on
panoramic radiographs1. Calcifications in the cervical
carotid arteries (CAC) were found on the panoramic
radiographs of 3% to 4% of patients older than 55 years
who were free of neurologic symptoms2-4. Avcu et al5
found CAC on 2.5% panoramic radiographs of 1160
patients. CAC appeared as an irregular, heterogeneous,
vertico-linear, or circular radio-opaque mass inferior
to the angle of mandible and adjacent to the cervical
vertebrae at the level of C3-C4 inter-vertebral junction6.
In these case series, all the radio-opaque lesions were
identified inferior to the angle of the mandible and the
C3-C4 cervical region.
All of the 3 presented cases had cardiovascular
disease or hypertension and no history of stroke. CAC
were detected during the routine dental examination,
without any complaints reported by the patients. In
the first 2 cases, CAC were identified as irregular
radio-opaque masses on panoramic radiographs. The
calcifications in the third case were diagnosed as calcified
lymph nodes due to a previous cervical abscess the patient
suffered according to the medical history.
Kansu et al7 reported that the incidence of CAC
was higher in haemodialysis patients and renal transplant
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recipients. Although the third case in this presentation
had chronic renal failure, the radio-opacities on the
panoramic radiograph were not diagnosed as CAC.
Nevertheless; it is only 1 patient who has been evaluated
in the present report, and a general statement cannot be
made based on only 1 particular patient. Studies focusing
on multiple patients with renal diseases, such as the one
by Kansu et al7, should be performed to make more valid
conclusions.
In the presence of suspicious CAC, differential
diagnosis include thyroid cartilage tip calcification,
aberrant soft-tissue calcifications, calcified lymph
nodes, phleboliths, calcified acne and calcification
associated with atherosclerosis within the carotid
arteries8. In this case presentation, the radio-opaque
lesions of the first and second cases were diagnosed
with thyroid cartilage tip calcification. The third case
was identified as calcified lymph nodes after the doppler
ultrasound examination, which showed the necessity
of further examination. In a previous study, digital
panoramic radiographies were found to be effective
in detecting carotid artery atheromas9. Also digital
panoramic radiography was used to identify carotid
artery calcifications in our cases.
In conclusion, dentists must be cautious about
the radio-opacities in the cervical region on panoramic
radiographs and keep in mind that these kinds of
calcifications may be an early sign of cardiovascular
disease. Further examinations, like doppler ultra
sonography, should be performed to validate the initial
diagnosis .
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Overdenture Prosthesis: Alternative to Orthodontic and
Orthognathic Surgery: A Case Report
SUMMARY

C. Yıldız, Y. Kulak Özkan

Overdenture prostheses are often used to overcome difficulty in using
complete dentures, poor prognosis of supporting teeth of removable partial
denture, the presence of severe attrition, congenital or acquired defects and
Class III malocclusion. In Class III malocclusions, function and aesthetics
are major overwhelming problems and can be solved within orthodontic
treatment or orthognathic surgery; however, these treatments are difficult,
expensive and long lasting. An alternative method, prosthetic treatment, can
be easy, reversible and economic.
In the present case report, a skeletal Class III malocclusion patient was
treated with prosthetic treatment.

Keywords: Class III malocclusion; Overdenture

Introduction
Solving of Class III malocclusion is still a big debate
in prosthodontics. Therapeutic alternatives for dento-skeletal
Class III malocclusions include orthodontic treatment
in young patients and surgery in adults1-2. For patients
who have been presented with surgical-orthodontic plan,
potential costs, risks and duration of treatment should
be undermined, thus a prosthodontics alternative can
provide welcome relief3-6. Prosthodontic therapy is used
as an alternative to other options, such as orthodontics and
combined orthodontics/orthognathic surgery procedures,
satisfying the aesthetic and functional requirements of the
patient within stable occlusion7. In addition, prosthodontic
therapy is less invasive and remains somewhat reversible
when compared with surgical options. When treatment
has been completed, the patient has an opportunity to fully
assess the prosthetic result and then, if dissatisfied, can
still decide to accept orthodontic and surgical treatment8-10.
However, potential disadvantages of prosthodontic therapy
include compromised aesthetics when the dentures are
removed, and caries and periodontal diseases as results of
poor hygiene.

A Case Report
This clinical report describes a patient with skeletal
Class III who was treated with maxillary overdenture
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prosthesis. The patient was a 37-year-old man referred
to our prosthodontic service for evaluation. His chief
complaint was aesthetic and function deficiency.
Cephalometric, panoramic and periapical radiographs
were taken and Rickett’s cephalometric analysis was
completed7. The patient showed a mixed dental, skeletal
malocclusion.
Intraoral examination revealed 8 permanent teeth in
the maxilla (right incisors and premolars, left incisors,
canine and second premolar), and 9 permanent teeth in
the mandible (right and left incisors and canines, right
first premolar and left premolars). On the basis of the
radiographic, cephalometric and oral examinations, the
patient was diagnosed with Class III skeletal malocclusion
and partially edentulous maxilla and the mandible (Fig. 1).
Treatment options were orthognathic surgery and implant
surgery for fixed partial restoration. Financial constraints,
fear of surgery and long term treatment restricted patient
from choosing the most desirable treatment. Therefore,
it was decided to make overdenture prosthesis that can
significantly improve function and aesthetics.
Careful evaluation of factors relative to the vertical
dimension of occlusion (VDO) is essential for appropriate
treatment planning. Interim removable dentures (Fig. 2)
for the maxilla and the mandible were fabricated with
heat polymerized acrylic resin to provide aesthetic results,
re-establish the occlusion and allow the patient to become
familiar with overdentures before delivery prosthesis. The
patient was instructed to wear prosthesis for 2 months.
During that time VDO, aesthetics, phonetics and function
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were evaluated. Because the patient responded favourably,
a decision was made to reproduce the VDO and tooth
positions in the definitive overdenture.
The prosthetic treatment consisted of metal copings
of teeth retained in the maxilla in order to provide stability
and retention for overdenture. Sound teeth beneath the
overdenture prosthesis may develop caries lesions if oral
hygiene was not good enough; so, it was decided to make
metal coping to prevent risk of caries development under
overdenture prosthesis. So the present teeth were prepared
with champer finish lines. In addition, intracoronal
attachment (Trietech, Chemiproducted & Vertrieb, GmbH
& CoKG, Germany) were placed between maxillary left
canine and second premolar and between right lateral
incisors and first premolar for extra retention (Fig. 3).
Metal copings were casted and adjusted for cementation at
the time delivery of the overdenture prosthesis.
For the mandible, we decided to make a conventional
partial denture. After adjustment metal copings, final
impression was taken for framework with custom trays.
The master casts were formed and surveyed to confirm
the path of insertion and the framework outline was
drawn. The unwanted undercuts were blocked. Then it
was duplicated in refractory material. The duplicated casts
were mounted in semi-adjustable articulator with a facebow and centric relation record. To record the desired
VDO, 2 reference points were drawn on the patient’s nose
and chin. The patient was asked to close into CR while
the maxillary immediate provisional prosthesis (IPP) was
in place. The distance between the 2 reference points
was measured to restore the appropriated VDO. IPP were
removed from the mouth, and the patient was guided to
close in CR until the distance between the 2 references
points on the patient’s nose and chin coincided with the
distance reinsured previously with IPOP. This record was
obtained with a silicone-based interocclusal recording
material (Regibite, Promidice, Neumunster Germany).
A metal framework for maxilla was finished to
a special master cast that accommodated the copings.
The framework was adjusted and relieved as need in its
adaptation to these parallel copings. Also the framework
was adjusted for the mandible. The artificial teeth were
arranged and tried-in to verify jaw relation records and
obtain the patients’ approval before final processing.
The prostheses were processed with heat polymerized
acrylic resin (Meliodent, Heraeous Kulzer, Newbury
Berkshire). The occlusion was adjusted and the prostheses
were finished and polished. In this stage, for the maxilla,
copings were cemented and dentures were adjusted and
equilibrated as needed (Fig. 4). Patient used to tolerate the
denture for the whole day; the denture was then controlled
and natural occlusion harmonized.
Regular recalls were scheduled for 6 months, 12
months and 5 years later. There was no bleeding, no soft
tissue inflammation beneath the overdenture prosthesis
between 6 months and 12 months. At the end of the 5
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years there was gingival inflammation under intracoronal
attachment between left canine and second premolar (Fig.
5). Gingival inflammation was treated by laser (Er-YAG
Cantac R12-Slowenia), and then overdenture prosthesis
was polished (Figs. 6 and 7). The patient was satisfied
with overdenture prosthesis during 5 year.

Figure 1. Pre-treatment diagnostic cast

Figure 2. Provisional removable dentures

Figure 3. Finish copings and intraoral attachments
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Figure 4. The finished overdenture in place
Figure 7. State of the patient after laser treatment

Discussion

Figure 5. Gingival inflammation after 5 year

The existing tooth position, the VDO established
during the prosthodontic evaluation phase, and the
uncertain prognosis and financial burden of combined
orthodontic/othognathic surgery, favour prosthodontic
rehabilitation with overdenture prosthesis3. Overdenture
prosthesis in our patient improved retention, allowing
aesthetic and functional rehabilitation4. After the
treatment, the patient can fully assess the prosthetic
result and then, if dissatisfied, might still decide to accept
orthodontic and surgical treatment.
Several disadvantages are associated with
overdenture prosthesis, such as the compromised
aesthetics when prosthesis is removed. Also, overdenture
treatment may be related to caries and periodontal disease
as a result of poor oral hygiene8. To make metal copings
on the sound teeth may prevent caries risks, although
surgical procedures can be performed in both cases,
overdenture prosthesis is usually the only viable treatment
alternative when expenses and morbidity of the surgical
procedures are taken into account6.

Conclusion
This clinical report demonstrated that overdenture
prosthesis is a relatively inexpensive method of treatment
for with Class II malocclusion patients. Our patient,
treated with overdenture prosthesis, described that the
treatment improved aesthetics and oral function.
Figure 6. Treatment with laser
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