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Fig. 3. 3D surface images of Filtek Z350 XT composite treated with CT (A
ExpT-A (B), ExpT-B (C), and ExpT-C (D), with the number of cycles: (i) 0, (i) 5000

and (iii) 10,000; red area represents high point, while blue area represents
low point

sﬂ;

Fig. 4. 3D surface images of GC Fuji Il LC composite treated with CT (A),
ExpT-A (B), ExpT-B (C), and ExpT-C (D), with the number of cycles: (i) 0,
(ii) 5,000 and (jii) 10,000; red area represents high point, while blue area
represents low point

Color stability measurement

In terms of color stability, all samples showed an insig-
nificant difference (p = 0.05) as compared to the control
and to the 3 experimental dentifrices for all the cycles —pre,
post-5,000 and post-10,000. The values are given in Fig. 5.

Fig. 5. Color stability measurements before and after the tooth brushing
treatment

Discussion

The influence of dentifrices on the surface of restora-
tions have been noticed and their effect has been linked
to dentifrice ingredients. Components such as bioactive
glass, calcium carbonate, ZnO, TiO,, and other, which
have the capability to influence the substratum surface,
subsequently influence the characteristics of esthetic re-
storative materials. The dentifrices exerted a significant
effect on the surface roughness when comparing the con-
trol and treated samples. The presence of active ingredi-
ents in the experimental dentifrices, i.e., F-BG, TiO, and
ZnO, showed a significant effect. The effect with regard
to the various concentrations of F-BG in the samples was
insignificant. The presence of abrasive particles in the
dentifrice is a factor that affects the surface roughness
of the esthetic restoration. The surface roughness of es-
thetic restorations have been further linked on a deeper
level to the size and type of the abrasive agent used.

In another aspect, different behavior has been ob-
served with respect to the composition of the restor-
ative materials. The nano-hybrid composite has been

Table 3. Mean surface roughness values (Ra) of all esthetic restorative materials after 0; 5,000; and 10,000 cycles

Ra values [nm] and SD with regard to the number of cycles

Groups Restorative materials
[ s ]
Filtek Bulk Fill 34.60 £11.01 49.86 +18.14 438519381
CT Filtek Z350 XT 39.60 +3.11 80.89 +10.31 82.63 +16.85
GC Fujill LC 104.50 +£36.06 174775 £13141 1,808.06 £129.95
Filtek Bulk Fill 30.40 £3.66 110.80 £13.22 23750 £16.20
ExpT-A Filtek Z350 XT 3190 +2.58 4350 £18.76 77.10 £22.24
GC Fujill LC 104.80 +26.2 175.68 £28.94 243,65 +65.34
Filtek Bulk Fill 30.40 £10.61 321.00 £21.21 399.00 £22.45
ExpT-B Filtek Z350 XT 32.40 £15.05 264.90 +83.49 351.40 +85.28
GCFujill LC 99.70 £12.54 383.35+52.94 1,094.70 £69.23
Filtek Bulk Fill 33.00 +£10.51 83.09 +17.55 12156 +18.76
ExpT-C Filtek Z350 XT 29.90 +3.88 66.88 +18.20 137.61 £13.75
GC Fujill LC 99.50 £18.71 47490 £77.31 473.00 £121.70

CT - control (commercial dentifrice); ExpT-A, ExpT-B, ExpT-C — experimental dentifrices; SD — standard deviation.
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noticed to present a smaller change in the surface rough-
ness than the bulk-fill one. This difference is claimed to
be due to the filler particles, which can be displaced,
causing more surface exposure of the weak parts of the
composite (the organic matrix). The distribution and
size of the filler have an impact on the surface rough-
ness.*® In this study, the resin-based composites showed
an insignificant change in the micro-hardness values
and less increase in the surface roughness as compared
to RMGIC. The results were justified by the fact that
composites have silane coupling agents, which bind the
filler particles chemically with the resin matrix, and the
same material accounts for their hydrolytic stability.!?
The presence of zirconia and silica particles resulted in
more resistance in terms of surface roughness; however,
it was increased. Compared with micro-particles, the
nano-particle-based composite showed relatively better
results. The resin-modified glass-ionomer cement con-
tained alumina-silicate particles, and their interaction
with dentifrices caused more surface roughness and
wear, and subsequently, the micro-hardness values
changed.

Prior to the treatment, all samples were polished, be-
cause delivering a restoration which has well-polished,
smooth surface gives the most favorable esthetic result,
with less plaque accumulation.®?* It is reported that
0.2 um of surface roughness is a critical value in the
retention of bacteria, while surface roughness of 0.3 um
can be detected by the tongue.®? In this study, the sur-
face roughness result for Filtek Bulk Fill after 5,000 cycles
of brushing with ExpT-A and ExpT-C was favorable, with
a value of <0.2 um. However, the Ra value after proceed-
ing to 10,000 cycles of brushing with the same experi-
mental toothpastes (ExpT-A and ExpT-C) increased to
>0.2 um, though not exceeding 0.3 um. The Ra values
for Filtek 2350 XT after 5,000 cycles with ExpT-A and
ExpT-C were <0.2 um. After completing 10,000 cycles
with ExpT-C, the Ra value remained below 0.2 pm,
whereas with ExpT-A, the Ra value increased to >0.2 um,
though not exceeding 0.3 um.

In assessing the effect of the dentifrice on the micro-
hardness of the restoration, one should take into con-
sideration the dentifrice pH. It is reported that den-
tifrices with natural or acidic pH values cause more
micro-hardness changes than alkaline ones.?® An analy-
sis of pH of the experimental dentifrices is beyond the
scope of the present study. However, it will be published
later. In our previous study, it was observed that pH
of F-BG (5 mol%) was 8.0 in deionized water and upon
aging it did not change significantly.?? It is anticipated
that the presence of alkaline contents (both F-BG and
ZnO nanoparticles) as active agents made these experi-
mental dentifrices alkaline. Therefore, an insignificant
difference was observed related to the micro-hardness
of RBCs. The presence of F-BG in an aqueous medium
can lead to the breakage of bonds within a bioactive glass
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network, as the network breakage reaction is highly sen-
sitive to the attack of molecular water. This breakage
can enhance the dissolution rate of bioactive glass, and
subsequently, the effect on the properties of restorative
materials. It may leave deposits on the surface of these
materials, and alter the physical and mechanical proper-
ties. It has been reported that the presence of fluoride
in bioactive glass results in slower dissolution as com-
pared to bioactive glass alone.?” However, the dissolu-
tion of bioactive glasses is a complex process and there
is still no complete consensus on the basic mechanism.

Limited studies have been conducted to evaluate the
color stability of esthetic materials after using dentifri-
ces. Previously, it was reported that along with the ap-
plication of whitening dentifrices, significant changes
in color stability were observed.!! However, this study
showed insignificant changes with regard to the applica-
tion of the commercial and experimental dentifrices. Re-
garding the effects of the commercial and experimental
dentifrices on the samples, no difference was observed
in color stability, surface roughness or micro-hardness.
However, more roughness and change in the micro-
hardness values were noticed along with the increase in
the concentration of the active ingredient in the experi-
mental dentifrices. On the basis of these evaluations in
the current study, it is suggested that among these tooth-
paste groups, the experimental dentifrices with 3.5%
F-BG and 3% ZnO as active ingredients showed better
performance in terms of micro-hardness and surface
roughness. It is also expected that these active ingredi-
ents have the potential to reduce demineralization and
hypersensitivity, and increase the antibacterial proper-
ties of the toothpaste. However, these characteristics are
beyond the scope of the present study and will be pre-
sented later.

Conclusions

It appears from this study that introducing experimen-
tal dentifrices containing fluoride-based bioactive glass
and ZnO oxide have a safe effect on esthetic restorations.
This study is considered to be a pioneer in evaluating the
effects of bioceramic and metal oxide-based experimen-
tal dentifrices on esthetic restorations. Future studies are
needed with patient involvement, for better simulation
of normal circumstances, to give a more precise assess-
ment of experimental dentifrices.
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Abstract

Background. Methyl methacrylate (MMA) is one of the widely used organic monomers in dentistry.
It may cause multiple aciverse reactions, ranging from allergic reaction to systemic toxicity. Dentistry students
are exposed to MMA in an acute manner; however, the concentration of its vapor cannot be estimated well.

Objectives. The aim of this study was to evaluate the effect of acute MMA vapor inhalation on the pulmo-
nary function of dental students, both smokers and non-smokers.

Material and methods. Thirty-eight male dental students were divided into 2 groups (group 1 — smokers
and group 2 — non-smokers). The lung function parameters of the students were tested with a spirometer
during their ordinary training work in a prosthodontics laboratory, before contact with MMA and immediately
after it. The lung function test was performed using a standard protocol. The students were asked not to use any
perfume or aromatic overlaps for a period of 24 h before starting the tests.

Results. The researchers noted a statistically significant decrease (p < 0.05) in forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV1), peak expiratory flow (PEF), forced expiratory flow at 25—75%
of the pulmonary volume (FEF25—75), and forced expiratory flow at 25% (FEF25) and 50% (FEF50) of the
pulmonary volume in smokers and non-smokers by comparing the pre- and post-work tests.

Conclusions. Acute inhalation of MMA vapor induced a moderate restriction of pulmonary function in
dental students, both smokers and non-smokers, during their routine prosthodontics laboratory training
work. No differences in the results of the pulmonary function tests between smokers and non-smokers
were observed.

Key words: spirometer, pulmonary function, smokers, methyl methacrylate

Stowa kluczowe: spirometr, funkcjonowanie phuc, osoby palgce, metakrylan metylu
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Introduction

Dental practitioners and dentists are frequently in con-
tact with multiple types of polymers, especially methyl
methacrylate (MMA).! Metyl methacrylate is a clear or-
ganic dissolvent, which is used in the preparation of com-
plete or partial dentures and other dental composite
restorations, as well as in the preparation of orthopedic
cement. The vapor of MMA has been known for its ef-
fect on health, especially when used chronically in poorly
ventilated areas.? The major documented health prob-
lems associated with the exposure to MMA include irrita-
tion of skin, eyes and the mucus membrane of both the
upper and lower respiratory tract.®* Multiple measures
have been taken to decrease contact with MMA, such as
gloves, masks and proper ventilation, but this is still not
enough to limit the exposure to the widely used MMA
and stop the inhalation.® For decades, many studies have
attempted to determine the degree of toxicity of MMA,
including animal and human studies. These studies clari-
fied the mechanism of MMA toxicity, which can be attri-
buted to a local interaction between MMA and the mucus
membrane of the respiratory system. The local interaction
consists in the neural stimulation, appearing in the form
of coughing, mucus secretion and accumulation, which
leads to the narrowing of the airways and bronchospasm,
in addition to lacrimation, resulting from the cholinergic
stimulation. Although it is reversible, upon continuous
exposure, cellular damage and necrosis may happen.®

Dentistry students are exposed to MMA in an acute
manner. As the concentration of its vapor cannot be esti-
mated well, they are secondary users with a great chance
of hypersensitivity development.”® Vaporization takes
place upon mixing a monomer with acrylic powder, lead-
ing to the irritation of lung and respiratory epithelia.
Since MMA is lipophilic, it has the ability to penetrate
the epithelial cell wall, causing lipid peroxidation, lactate
dehydrogenase leakage, generation of free radicals, and
accumulation of inflammatory cells, which leads to capil-
lary hyperemia, edema, loss of respiratory epithelial cilia,
and necrotic cell death, depending on the exposure con-
centration as explained by previous studies on an animal
model and the alveolar cell line.®1*

Smokers already have an irritated respiratory epithe-
lium as a result of the direct effect of cigarette smoke on
the endothelial integrity. The consequences are increased
vascular contraction of small blood vessels and decreased
pulmonary vascular lumen capacity due to the reduction
of endothelial nitric oxide-dependent vasodilation, which
leads to emphysema with pulmonary hypertension, caus-
ing deleterious changes similar to those typical of chronic
obstructive pulmonary disease.*?> Changes in lung func-
tion among smokers vary according to age, sex and the
number of cigarettes smoked per day.'?

The lung function tests represent a good and efficient
method to predict the risk of obstructive pulmonary

M.A. Al-Saadi, et al. Acute methyl methacrylate vapor inhalation

disease and cardiovascular problems due to the restricted
air flow, caused by cigarette smoke and other irritating
inhalants.*+15

The aim of this study was to evaluate the acute effect
of MMA on the lung function of dental students, includ-
ing male smokers and non-smokers.

Material and methods

The study was conducted in the Faculty of Dentistry,
University of Babylon, Hilla, Iraq (from September to De-
cember, 2017). This is a comparative, non-randomized
study that included student volunteers. The applied pro-
cedures were in accordance with the ethical standards
of the Dentistry College scientific committee and with the
Helsinki Declaration of 1975, as revised in 2000. Ethical
committee approval number; 109-2017.

Volunteers

A total of 38 male dentistry students aged 20—22 years
were divided into 2 groups (Fig. 1): group 1 included 19
smokers with a history of smoking about 20 cigarettes
a day for more than 2 years; group 2 included 19 non-
smokers, all of whom were healthy, with good general and
respiratory conditions, according to the survey performed
by the researchers.

19 smoker students
19 non-smoker students

|

— pre-work measurement
— immediately post-work
measurement

— pre-work measurement
— immediately post-work
measurement

)

Fig. 1. Study design

Exclusion criteria

Before starting the tests, the volunteers were inter-
viewed. Students with systemic respiratory disease or
diagnosed with respiratory allergic reaction to chemicals
were excluded from the study. The students were asked
not to use any perfume or aromatic overlaps for a period
of 24 h.

Pulmonary function test (procedures)

At the beginning, a complete history of the student,
especially in the case of smokers (duration of smoking),
was obtained. Then, a stadiometer was used to record
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height and weight without shoes, by means of standard
techniques (in the Frankfort horizontal plane, the patient
standing in the upright position).167 Information regard-
ing the students, such as age, race/ethnicity and other data
was entered into the software program of the spirometer
(Spirobank 11®; MIR, Rome, Italy).181® A spirometer is
an apparatus that measures the air which is breathed into
the lungs through inspiration and out of the lungs during
expiration (Fig. 2).1

Fig. 2. Spirometer handling and work (The photograph was taken with the
approval of the scienti ¢ committee of the Department of Prosthodontics,
Faculty of Dentistry, University of Babylon, Hilla, Irag, and with the consent
of the student))

Before the pre-work measurement, the method was
thoroughly explained to the study volunteers. Then,
a nose clip was applied to plug the nasal pathway. After
that, the participants were asked to take a deep breath and
put a mouthpiece in their mouth. The mouthpiece was
fixed inside the mouth by the teeth and lips to achieve
complete sealing, and also to make sure the air did not
excite during maximal forced expiration, which takes at
least 6 s.

The test measurements were repeated 3 times and the
greatest of the records were taken into consideration, ac-
cording to the spirometer protocol. The data was present-
ed as a percentage of the value predicted for age, height
and weight, based on the spirometer table.

The immediate post-work measurement was performed
using latex gloves, protective glasses, a mask, and a labo-
ratory coat. The cold-cured acrylic (Vertex®; Vertex-Den-
tal B.V,, Soesterberg, the Netherlands) (30 mL of powder
and 10 mL of monomer) was mixed by the participants to
construct a custom tray or record base in a well-ventilated
laboratory (9 x 6 m); the time of exposure to the mono-
mer was approx. 30 min. The test was taken immediately
after the students’ exposure to the monomer in the labo-
ratory, in the same way as previously described.

Parameters tested

The lung function test uses a standard protocol with
aspirometer to measure: forced vital capacity (FVC), forced
expiratory volume in 1 s (FEV1), the ratio of forced expira-
tory volume in 1 s/ forced vital capacity (FEV1/FVC), peak

7

expiratory flow (PEF), forced expiratory flow at 25—75%
of the pulmonary volume (FEF25—75), and forced expira-
tory flow at 25% (FEF25) and 50% (FEF50) of the pulmo-
nary volume, where 25%, 50% and 75% reflect the bronchial
diameter from bigger to smaller, respectively.1617

Statistics

Statistical data was presented as mean + standard de-
viation (SD) and percentage. The analysis of data was
performed with the IBM SPSS Statistics software, v. 21.0
(IBM, Armonk, USA), using the independent samples
t-test and one-way analysis of variance (ANOVA) with
a p-value <0.05 considered statistically significant.

Results

The current study found a statistically significant de-
crease in FVC and FEV1 (p < 0.05) in both smokers and
non-smokers, comparing the pre- and post-work tests
(Fig. 3,4), while the FEV1/FVC percentage showed a non-
significant change while comparing the pre- and post-
work tests in each group and the results of the groups
together.

spirometry and oximetry graphs A Trend
e e
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Fig. 3. lllustration of the results of one of the spirometer tests
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Fig. 4. Spirometer diagnostic diagram referring to the pre- and immediately
post-work tests
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On the other hand, PEF, FEF25—75 and FEF25 showed
a statistically significant reduction (p < 0.05) while com-
paring the pre- and post-results in group 1, and PEF,
FEF25—75, FEF25, and FEF50 in group 2 showed a sig-
nificant decrease (p < 0.05) (Table 1). No significant dif-
ferences were observed among the groups when all test
results were compared (p > 0.05) (Table 2).

Discussion

Normal respiratory function is of great value for
a normal healthy life without morbidity. The work en-
vironment is filled with different types of pollutants,

M.A. Al-Saadi, et al. Acute methyl methacrylate vapor inhalation

but the exact effect of these pollutants depends on
their concentration, the exposure time and the circum-
stances of exposure. Methyl methacrylate accounts for
the most widely known toxicant vapor, especially in the
dentistry field.1®

Dental students are exposed to MMA vapor during
their ordinary work when constructing special trays and
record bases of complete and partial dentures, as re-
quired in their studies. Previous research showed that
MMA vapor induced acute pulmonary obstruction, de-
pending on certain exposure time and concentration.?
In the current study, our aim was to evaluate its effect
on smoker and non-smoker students based on the spi-
rometer results.

Table 1. Di erences of mean + standard deviation (SD) between group 1 (smokers) and group 2 (non-smokers) in the pre- and immediately post-work tests

Variables Groups
pre-work —group 1
EVC immediately post-work — group 1
[L] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEV1 immediately post-work — group 1
[ pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEVL/FVC immediately post-work — group 1
[%] pre-work — group 2
immediately post-work — group 2
pre-work —group 1
PEF immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF25 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF50 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEE75 immediately post-work — group 1
[L/s] pre-work — group 2
immediately post-work — group 2
pre-work — group 1
FEF25-75 immediately post-work — group 1
[L/s] pre-work — group 2

immediately post-work — group 2

Level of significance

Mean £SD
(p-value)
5.2667 +0.99785
<0.05*
3.3556 +1.03020
6.1767 £1.47148
<0.05*
3.7522 +0.80585
4.3011 £1.32953
<0.05*
2.7822 +0.98089
4.0867 £1.28802
<0.05*
3.0656 +£0.60411
79.5556 +13.72344
=>0.05
80.8889 +17.78211
67.6444 +22.01426
=>0.05
79.7556 +15.12813
7.3722 +3.29167
<0.05*
3.4933 £2.15975
6.2911 +2.69870
<0.05*
41967 £1.93203
7.1422 +2.57513
<0.05*
4.3478 £2.73020
53722 +2.63617
<0.05*
2.9089 +£0.90625
4.6056 £1.97946
=>0.05
3.7622 +1.84475
41522 £1.43137
<0.05*
26944 +1.05081
3.0933 +1.35765
=>0.05
2.9956 +1.00397
36022 +1.12491
=>0.05
23711 +£1.49729
4.2333 £1.26824
<0.05*
2.3878 +1.38542
3.8867 +1.26912
<0.05*
3.0322 £0.80114

FVC —forced vital capacity; FEV1 —forced expiratory volume in 1 s; PEF — peak expiratory flow; FEF25, FEV50, FEV75 — forced expiratory flow at 25%, 50% and 75%
of the pulmonary volume, respectively; FEV25-75 — forced expiratory flow at 25-75% of the pulmonary volume; * statistical significance.
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Table 2. Results of the analysis of variance (ANOVA)

FvC group 1 and group 2 50,05
[L] pre- and immediately post-work tests -
FEV1 group 1 and group 2 5005
[L] pre- and immediately post-work tests _'
FEV1/FVC group 1 and group 2 5005
[%] pre- and immediately post-work tests -
PEF group 1 and group 2 50,05
[L/s] pre- and immediately post-work tests -
FEF25 group 1 and group 2 >0.05
[L/s] pre- and immediately post-work tests -
FEF50 group 1 and group 2 =005
[L/s] pre- and immediately post-work tests -
FEF75 group 1 and group 2 5005
[L/s] pre- and immediately post-work tests -
FEF25-75 group 1 and group 2 5005
[L/s] pre- and immediately post-work tests -

The choice of smoker volunteers was motivated by their
irritated respiratory airways due to chronic exposure to
nicotine, which was supposed to render them highly sus-
ceptible to MMA vapor.?!

The spirometer results revealed a significant reduction
of FVC and FVC1 as we compared the pre- and post-work
findings for smokers and non-smokers; this indicates re-
stricted pulmonary function, with or without obstruc-
tion. This could be explained by the effect of MMA on
the chemical receptors of respiratory epithelia, leading to
the stimulation of the respiratory center, and thus causing
bronchoconstriction.?? Our results coincide with those
presented by Marez et al., who observed an obstructive
effect of MMA vapor during inhalation, but related to
the duration of exposure.? Borak et al. also confirm that
MMA is a lung-irritating substance and affects the air-
ways causing obstruction and bronchial hyperactivity.?*

Upon the comparison of the results between smokers
and non-smokers, we found no statistically significant dif-
ferences, which may be due to the small sample size or
the number of cigarettes smoked per day. Apart from that,
students were young and physically active males. This ex-
planation is confirmed by Urrutia et al., who found that
the level of pulmonary problems depended on the num-
ber of cigarettes smoked and age.*®

Non-smokers showed respiratory reactivity in the post-
exposure results, especially at the level of FEV50 and
FEV25, while smokers were found to have a restriction at
the level of FEV25 only. This could be explained by the
thickening of lining epithelia and mucus secretion, which
could interrupt the diffusion of MMA vapor across the
small bronchioles of smokers, in addition to decreased
endothelial responsiveness. Although no statistical sig-
nificant difference was observed between the groups,
the recorded results of non-smokers showed more pul-
monary restriction. The reason for that may be the ab-
sorption of organic vapor through respiratory epithelia,
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causing a moderate restrictive response, as the vapor is
non-polar, molecularly small-sized organic substance
that easily passes to the lower respiratory tract, leading to
a delayed effect when exposure is extensive.? It requires
future evaluation of the students near the end of their
training course to provide enough information about that
delayed response.

Conclusions

Although the sample size was small, the findings of the
current study revealed that a moderate pulmonary re-
striction, with or without obstruction, was observed in
both smokers and non-smokers exposed to acute MMA
vapor, with more reactivity in non-smokers. No statisti-
cally significant differences in the results of the respira-
tory function tests were found between smokers and non-
smokers exposed to acute MMA vapor inhalation.
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Abstract

Background. Many factors influence decisions regarding gerodontological treatment. Apart from the clini-
cal condition of a patient, there is a complex of crucial socioeconomic factors, comorbidities, place of resi-
dence, and psychological aspects. Therefore, gerodontological treatment plans are significantly diversified.

Objectives. One of the goals of our cross-sectional epidemiological study of Lower Silesia seniors aged
65—74 was to identify all their needs related to gerodontological treatment.

Material and methods. From the randomly selected sample group of 1,600 people, 387 inhabitants
of Wroctaw and Otawa reported to take part in the study. The anamnestic study identified demographic
and socioeconomic determinants, coexistence of general diseases and behavioral variables related to oral
health behaviors. In the clinical study, the decayed-missing-filled (DMF) index, the community periodontal
index (CPI), oral hygiene indices, clinical pathological lesions in oral mucosa, and the index of prosthetic re-
construction of missing teeth according to the World Health Organization (WHO) were determined. Criteria
for the need for prosthetic treatment, dental caries treatment, periodontal disease treatment, improvement
of oral hygiene, and treatment of mucosal diseases, including potentially pre-cancerous and cancerous
disorders, were defined.

Results. As many as 95.6% of all respondents required at least 1 form of dental treatment. The most
common need (75%) was prosthetic treatment of missing teeth either in the maxilla or in the mandible.
Forty-nine percent of the respondents needed treatment of caries in the clinical crown or root of at least
1 tooth. Further, these needs were related to the following factors: treatment of oral mucosal diseases
(35.4%), professional periodontal treatment (35%), improvement of very bad oral hygiene (29.2%), and
oncological treatment of pre-cancerous and cancerous lesions in the oral cavity (9.6%).

Conclusions. The needs for gerodontological treatment found in the regional study of young Lower Sile-
sian seniors are very high and cannot be met by services provided and funded by the state.

Key words: the elderly, oral health, treatment needs, dental treatment

Stowa kluczowe: osoby starsze, zdrowie jamy ustnej, potrzeby lecznicze, leczenie stomatologiczne
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Introduction

The elderly form a very heterogeneous group in terms
of clinical dental status. There is an issue significant in
their case, which is the accumulation of consequences
of caries along with periodontopathies, which generates
dental treatment needs. These usually include conserva-
tive treatment of natural dentition (including, in particu-
lar, root caries treatment), treatment of periodontal and
oral mucosa diseases, as well as prosthetic treatment (most
often of severe tooth loss and edentulism). The general
schedule of gerodontological treatment should include:
emergency care, maintenance and monitoring (treatment
of carious lesions, non-surgical periodontal treatment,
improvement of oral health behaviors, protection of abut-
ment teeth, and reconstructive prosthetic treatment) and
rehabilitation phase (surgical pre-prosthetic treatment,
implantological treatment, prosthetic rehabilitation treat-
ment, including the improvement of esthetics).

The possibilities of gerodontological treatment, as
well as the expectations of these patients and their sense
of need for treatment, and — in consequence — the scope
of dental services, depend largely on the economic situa-
tion of the society. In developing countries, the treatment
of oral cavity pathologies focuses on the control of pain,
and the functional and esthetic rehabilitation of the mas-
ticatory system is not a priority. In societies with higher
health awareness, comprehensive dental treatment aims
to preserve or restore the function of the stomatognathic
system to the highest possible level. Therefore, patients
often expect an improvement of the esthetics of teeth, in
connection with integrated gerodontological treatment.

A plan for such integrated treatment should take into
account not only clinical indications, but also the expec-
tations, general health and financial status of a patient.
Many patients expect to undergo treatment solely re-
funded by the National Health Fund (NFZ).2 According
to the assessment of the size and structure of public and
non-public expenditure allocated to healthcare in Poland
in 2009—2015, NFZ'’s expenditure on healthcare services
in total increased by 17.7%, while its expenditure on den-
tal services decreased by 5.4%.2 As a result, the number
of dental consultations and procedures in NFZ-financed
facilities has dropped. According to the Statistics Poland,
70.9% of visits to a dentist are financed from patients’ own
funds.* In 2013, the lack of sufficient financial resources
was the reason for not using dental care services in the
case of 30.7% of people with an income up to PLN 400
per family member and 9.5% of people earning an income
above PLN 1,600 per family member.® In 2016, only 14.4%
of outpatient dental consultations financed from public
funds took the form of advice given to people over 65.5

In Polish conditions, under the NFZ contract, both the
conservative treatment of carious disease and its com-
plications, as well as the non-surgical periodontal and
prosthetic treatment with movable restorations are often

B. Glowacka, T. Konopka. Gerodontological treatment needs 65—74

the procedures of choice. However, this is not usually the most
effective process and does not take into account many ba-
sic possibilities of modern dentistry. The inability to carry
out many additional tests free of charge often makes it dif-
ficult to diagnose oral mucosa diseases and to choose the
most appropriate method of periodontal treatment. The
material status of a patient may be an obstacle to the com-
prehensive rehabilitation of the stomatognathic system.®

The needs of the elderly in the field of dental treatment
are considerable. The profile of these needs is chang-
ing along with the prolongation of professional activity
of older people, the increase in the importance of self-
presentation and their greater awareness of therapeutic
possibilities offered by modern dentistry. Adequate orien-
tation of the healthcare system in relation to oral health
issues should be based on current epidemiological data.

One of the goals of this cross-sectional epidemiological
study of the population of Lower Silesia inhabitants aged
65—74 was to identify the majority of needs regarding ger-
odontological treatment.

Material and methods

The methodology for selecting the study population
aged 65—74 for a cross-sectional epidemiological study
among the inhabitants of Wroctaw and its surrounding
area was presented in another paper.” The research was
conducted from June 25 to October 30, 2017, at the De-
partment of Periodontology, Faculty of Dentistry of Wro-
claw Medical University, and in a private specialist dental
practice in Otawa (Praktyka Prywatna, Dentysci Otawa),
Poland. The persons reporting to take part in the study
signed written consent approved by the Bioethics Com-
mission at Wroclaw Medical University (opinion No. KB-
712/2017). In total, 387 people were examined (136 men
and 149 women from Wroctaw, and 50 men and 52 women
from Otawa). The response rate for research was 24.2%
(28.5% for a large city and 17% for a small city).

The following information on variables was obtained in
the interview:

— place of residence (Wroctaw, Otawa);

— age (based on PESEL number);

— gender;

— education (primary, secondary, higher);

—income per capita in the household (PLN 800 and be-
low; PLN 801-2,500; PLN 2,500 and above);

— body weight and height, along with the body mass index
(BMI) based on these measurements (proper weight
— BMI < 25 kg/m?; overweight — 25 < BMI < 30 kg/m?;
obesity — BMI > 30 kg/m?);

—general diseases:; cardiovascular diseases (conditions
without incident, e.g., coronary heart disease, cardiac
arrhythmias or thrombotic diseases; and with a previ-
ousincident—myocardial infarction or stroke), diabetes,
hypertension, osteoporosis (with the pharmacological



Dent Med Probl. 2019;56(1):89—96

treatment of the declared disease taken as the diagnos-

tic criterion);

— nicotine addiction — in line with the WHO guidelines,?
the participants were classified as follows: non-smokers
(people who had never smoked or had smoked fewer
than 100 cigarettes throughout their lives); ex-smokers
(people who used to smoke regularly, but had been free
of addiction for at least a year at the time of the exami-
nation); and current smokers (people who had been
smoking a minimum of 1 cigarette a day during the
6 months preceding the examination);

— oral health behaviors: average number of visits in a den-
tal office during the previous 5 years (at least 2 visits per
year were considered regular); the frequency of brush-
ing natural teeth or prosthesis (brushing at least twice
daily was considered regular); daily additional cleaning
of the interdental spaces with dental floss or a special
brush (yes/no);

—forms of dental treatment funding: only in state-fi-
nanced facilities (NFZ); only in private facilities; or the
mixed way.

The clinical examination was performed in LED lighting,
with the use of a dental mirror and the PCPUNC 15 perio-
dontal probe (Hu-Firedy Mfg Co., LLC, Chicago, USA).

The following parameters were determined during the
examination:

— the number of preserved natural teeth, excluding third
molars;

— the occurrence of tooth caries and its consequences,
expressed numerically by the decayed-missing-filled
tooth (DMFT) index and its components;

— the occurrence of plaque on the vestibular and lingual
surfaces of the teeth, and the modified plaque control
record (PCR) according to O’Leary et al. ;

—the occurrence of plaque in the interproximal spaces,
and the approximal plaque index (API) according to
Lange et al.%?;

— the community periodontal index (CPI) codes,** calcu-
lated on the basis of a periodontal examination, includ-
ing the assessment of pocket depth, gingival bleeding
and the presence of calculus for each sextant (sextant I:
teeth 17—14, I1: teeth 13-23, I1I: teeth 2427, 1V: teeth
37-34, V: teeth 33—43, and VI teeth 44—47); moreover,
CPI was determined for the highest code value for each
participant;

— the occurrence of clinical oral mucosal lesions, exclud-
ing congenital abnormalities or lesions not requiring
treatment, e.g., dislocated sebaceous glands, linea alba
or varicose veins of the tongue;

— the type and number of fixed and/or removable pros-
thetic restorations used; the condition and suitability
of these prosthetic restorations were also assessed: the
quality of the fixed restorations in the gingival area was
evaluated, along with the reconstruction of occlusal
points/planes, absence of interference with central and
non-central occlusion, and absence of mechanical damage;
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with regard to the movable restorations, attention was
paid to their adhesion to the prosthetic base, their re-
tention and stabilization, as well as restored occlusion
height (inappropriate or worn out restorations were
counted as a prosthetic treatment need); a single miss-
ing tooth that would not cause a loss of occlusion point
contacts in the dental arch and premature occlusion ob-
stacles was not counted as an indication for prosthetic
reconstruction;

— the need for prosthetic reconstruction of missing teeth
according to the WHO classification'? was assessed
separately for the maxilla and the mandible, and the fol-
lowing codes were assigned:
< 0 — no prosthetic treatment needed,;
< 1 —the need for a single-unit prosthesis;

« 2 —the need for a multi-unit prosthesis;

« 3 — the need for a combination of a single- and/or

multi-unit prosthesis;

» 4 —the need for prosthetic treatment of edentulism.

The following criteria conditioning the needs of dental
treatment were adopted:

— cariological: visible clinical lesions, classified on the ba-
sis of the WHO clinical criterial?; caries lesions (with-
out classification as clinical crown and root caries) at
D3 irreversible stage (evident defect including the ex-
ternal part of dentin/cementum?*) were registered as
requiring treatment;

— periodontological: the criterion for the need for peri-
odontal treatment was the one adopted in 1992 by the
American Academy of Periodontology, namely the Peri-
odontal Screening and Recording (PSR) index — more
than 2 sextants with code 3 or 1 with code 4 in CPI*5,

— oral hygiene: the absolute necessity to improve the ef-
fectiveness of tooth brushing and cleaning interdental
spaces with the values of both periodontal index (PI)
and API above 70%;

— clinical oral mucosal pathology: the presence of at least
1 lesion requiring specialized treatment, e.g., prosthetic
stomatitis, candidiasis, herpetic lesions, or burning
mouth syndrome;

— pre-cancerous or cancerous: the presence of at least 1
potentially malignant disorder in the oral cavity (e.g.,
leukoplakia, lichen planus) or the presence of 1 benign/
malignant neoplastic lesion;

— prosthetic: the WHO value!? above 0 in the maxilla or
in the mandible.

The hypothesis of equality of average parameters in
2 groups was verified with the Mann—Whitney test. The
hypothesis of equality of average parameters in more than
2 groups was verified with the Kruskal-Wallis rank sum
test (the homogeneity of variance was checked by the
Levene test). For the parameters for which statistically
significant differences were shown in the comparison
of all 3 groups, multiple comparisons of mean ranks for
all trials were carried out. For discrete parameters, the
frequency of occurrences in the groups was analyzed by
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the x2 df test (sometimes the 2 test with the Yates
correction). For each test, p < 0.05 was considered sta-
tistically significant. Statistical analysis was carried out
using the Statistica software v.13.1 (StatSoft Polska,
Krakdw, Poland).

Results

In the entire study group with as many as 370 people,
which constituted 95.6% of all the participants, required
at least 1 form of dental treatment. The demand for
the identified 6 main needs regarding gerodontological
treatment, as well as the accepted criteria for needs are
summarized in Table 1. The most common need con-
cerned 75.5% indications for the prosthetic treatment
of missing teeth defined on the basis of the WHO in-
dex for people with a code greater than 0 in the maxilla
or in the mandible. The second need concerned 49.1%
of the participants, requiring treatment of dental car-
ies in the crown or root of at least 1 tooth. The aver-
age DMFT index for the entire study group was 17.8 and
its components were as follows: decayed teeth (DT) —
1.05; missing teeth (MT) (due to caries only) — 12.28;
and filled teeth (FT) — 4.48. The third most frequently
defined need was related to the indication for special-
ist periodontal treatment in 35% of the participants. The
percentage of indications regarding the treatment of oral
mucosa diseases (35.4%) was quite similar. It included
the need for treatment of such diseases as prosthetic
stomatitis, angular cheilitis, leukokeratosis, candidiasis,

Table 1. Dental treatment needs
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herpes simplex, geographic tongue, burning mouth syn-
drome, xerostomia vera, recurrent aphthous stomatitis,
and smoker’s palate, and potentially malignant and neo-
plastic disorders. The latter group concerned as much
as 9.6% of the subjects and included such diagnoses as:
leukoplakia, lichen planus, pigmented lesions, as well
as benign tumors (hemangiomas, fibromas, papillomas,
and epulises) and 1 case of tongue cancer. The neces-
sity to improve very bad oral hygiene was found in 29.2%
of the respondents.

The need for prosthetic treatment in the maxilla
occurred in 61% of the subjects, in the mandible — in
66.9%. Regarding the maxilla, there was a significantly
more frequent need for a multi-unit prosthesis (WHO
code 2) (p = 0.023) and to restore prosthetically edentu-
lism (WHO code 4) (p = 0.0046); regarding the mandi-
ble, there was a need to restore a combination of a single
missing tooth and/or a multi-unit case (WHO code 3)
(p = 0.0001) (Table 2). With regard to the maxilla,

Table 2. The need for prosthetic reconstruction of missing teeth according
to the WHO classi cation in the whole group

Maxilla Mandible
WHO

classification | Number | percentage | number | percentage

of people [%] of people [%]
0 151 39 128 331 0.085
1 33 85 34 88 097 |
2 18 47 6 14 0023 |
3 119 307 180 465 00001 |
4 66 171 39 101 00046* |

* statistically significant.

Treatment need Criterion
WHO code >0
Prosthetic treatment in the maxilla
or in the mandible
Dental caries treatment** DT=1

>2 sextants with code 3
or 1 sextant with code 4
in CPI

Specialist periodontal
treatment**

Pl > 70%
and APl > 70%

Necessity to improve
very bad oral hygiene**

Treatment of oral mucosa
diseases

presence of at least
1 disease requiring treatment

Treatment of oral pre-cancerous
and cancerous lesions

presence of at least
1 lesion

Percentage Three subgroups*
in the whole group with the highest treatment needs
[%] [%]
irregular brushing — 83.3
755 male sex—82.3

active smoking — 815

lowest income - 77.7
491 primary education — 69.2
active smoking — 69.2

active smoking — 57.7
35 cardiovascular disease with incidence — 57.1
male sex — 40.9

irregular brushing — 50.6
292 active smoking —46.1
lowest income — 44.7

active smoking —47.7
354 lowest income — 47.4
treatment funded by NFZ - 43.6

active smoking — 15.4
9.6 female sex—12.9
cardiovascular disease — 11.9

API — approximal plague index; CPl — community periodontal index; DT — decayed teeth; Pl — periodontal index; WHO —World Health Organization;
* 14 subgroups were tested: place of residence, sex, education, income per capita, smoking status (current or former), obesity, diabetes, presence of
cardiovascular disease or a previous incident — myocardial infarction or stroke, hypertension, osteoporosis, irregularity of visits to the dental office,
irregularity of tooth brushing, no flossing, and treatment only in state-funded facilities (NFZ); ** Edentulous people were excluded.
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the need for prosthetic treatment of more extensive tooth
loss was found in people with primary education — as
compared to persons with higher education (p < 0.0001),
people treated in NFZ facilities — as compared to per-
sons self-financing their dental treatment or only some-
times involving their own means (p < 0.0001), irregularly
brushing teeth (p < 0.0001), ineffectively brushing teeth
(p = 0.0002), having irregular dental visits (p = 0.0005),
declaring tobacco addiction in the past —as compared to
persons completely abstaining from smoking (p = 0.015),
and living in a small town (p = 0.0298) (Table 3). For the
mandible, the need for prosthetic treatment of more ex-
tensive tooth loss depended significantly on a smaller
number of conditions: inefficient tooth brushing
(p < 0.0001), dental treatment funded by the state — as
compared to self-financed treatment (p < 0.0001), irregu-
lar tooth brushing (p = 0.0002), primary education — as
compared to higher education (p = 0.0009), and irregu-
lar dental visits (p = 0.0031) (Table 4).
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Discussion

In our study, according to the WHO classification, it was
observed that 39% of the participants did not need any
prosthetic restoration in the maxilla, and 33.1% — in the
mandible. These findings were almost identical to those
made in the analogous West Pomeranian study: 39.1% in
the maxilla and 32.3% in the mandible.'®* However, this
data was significantly worse than other European ones;
for instance, the national Spanish study in 2005 showed
that the absence of the said necessity for prosthetic treat-
ment was determined in 76.3% of participants in the max-
illaand 71.5% in the mandible, in people of the same age.”

In young Lower Silesian seniors, the need for prosthetic
restoration of a single missing tooth or restorative pros-
thetic treatment in multi-unit or combined (single- and/or
multi-unit) cases was found in 43.9% in the maxilla and
56.7% in the mandible; in the West Pomeranian group,
these were 50.3% and 58.8%, respectively.'6

Table 3. The need for prosthetic treatment in the maxilla according to the WHO classi cation, depending on chosen variables

Variable AEGIEMETE -value
of WHO codes P

Wroctaw

Place of residence
Otawa

female

Sex
male

elementary*
secondary?
higher?

Education

lowest
average
highest

Income

current
formert
non-smoker?

Smoking status

normal weight

BMI overweight
obesity
Diabetes yes
no
Cardiovascular disease yes
no
Osteoporosis yes
no
. . Pl < 30%
Effectiveness of tooth brushing Pl > 70%
Effectiveness of hygienic procedures API < 25%
in interdental spaces API>70%
Dental appointments .regularly
irregularly
Brushing teeth ‘regularly
irregularly
NFz*
Form of dental treatment funding mixed
private

1(0-4) "
3(04) 0.0298
1(0-4)
3(04) 00723
0.0001*
3(0-4) between tand ®
2(0-4) <0.0001
1(0-4) between 2 and 3
0.02

3(0-4)
1(0-4) 0.094
2 (0-4)
3(0-4) 0.0062*
3(0-4) between ! and 2
1(0-4) 0015
1(0-4)
3(0-4) 049
1(0-4)

3(0-4)

2 (0-4) 041
2(0-4)

2 (0-4) 0.0913

0 (0-4)

2(04) 0.0684

05 (0-4) .
3(0-4) 0.0002

25 (0-4)

3(0-4) 051
1(0-4) .
3(04) 0.0005
1(0-4) *
3(04) 0.0001
3(0-4) 0.0001*

15 (0-4) between 1 and the rest
1(0-4) <0.0001

BMI — body mass index; * statistically significant.
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Table 4. The need for prosthetic treatment in the mandible according to the WHO classi cation, depending on chosen variables

Variable DIl -value
of WHO codes P

Wroctaw

Place of residence Olawa

female

Sex
male

elementary!
secondary
higher?

lowest
average
highest

Education

Income

current
formert
non-smoker?

Smoking status

normal weight

BMI overweight
obesity
Diabetes yes
no
Cardiovascular disease ¥1ec?
Osteoporosis yes
no
. . Pl < 30%
Effectiveness of tooth brushing Pl > 70%
Effectiveness of hygienic procedures API < 25%
in interdental spaces APl > 70%
Dental appointments _regularly
irregularly
Brushing teeth .regularly
irregularly
NFz!
Form of dental treatment funding mixed?
private3

3(

=

013

w
=

0.16

0.0005*
between ! and 2
<0.0009

0.053

011

0.85

02

0.29

0.0783

0.0001*

fTrrITRITITITITIRTZIETITITIRIC

0.18

[N
(3]
OO0 O OO0 OO0 OO0 OO0 OO0 O00 000 OO0 OO0 OO

|
w
=

0.0031*

L& L

0.0002*

ww w;
—_—— =

0.0001*
between ! and @
<0.0001
between 2 and @
0.0019

w
—
=

TIT

=
—

o
=

* statistically significant.

However, in our study the need for prosthetic treat-
ment of edentulism occurred more often in the maxilla
(17.1% vs 10.1%), and this number was higher in com-
parison with the needs reported in the West Pomera-
nian study — 10.5% and 8.8%, respectively.’® In the 2005
Spanish study, such a need occurred in 4.4% of people
in the maxilla and 5% in the mandible.t” This compila-
tion shows considerable needs regarding the prosthetic
treatment of young seniors in Poland, significantly higher
than those in the richest European countries. Our own
analysis showed the same variables related to the smaller
needs for prosthetic treatment in the maxilla and the
mandible, in line with the WHO classification, and these
were as follows: higher education, self-financed dental
treatment, effective tooth brushing, regular visits to the
dental office, and the correct pattern of daily tooth brush-
ing. In relation to the maxilla, 2 more factors displayed
a significant impact on reducing the extent of prosthetic
treatment, namely living in a big city and never smoking

cigarettes. In the analogous assessment of the inhabitants
of the West Pomeranian province, Wilczynski also noted
the influence of behavioral factors (correct pattern of dai-
ly tooth brushing and regular visits to the dental office)
and self-financed dental treatment upon the reduction
of prosthetic treatment needs related to the maxilla and
mandible, as classified by the WHO; factors such as the
highest income, higher education and living in a big city
reduced these needs only for the maxilla.1®

In the assessed population of young Lower Silesian se-
niors, in relation to European reference points, the needs
for dental caries treatment were similarly higher. In a cur-
rent German national study there were only 21% of peo-
ple at the same age with at least 1 carious defect,®® or in
a Kosovar study, at least 1 carious defect was found in 42.6%
of respondents.’® An optimistic aspect of our own study is
the high caries treatment index — 81.1%, just slightly lower
than the German one — 90.6%.'® The DMFT index for the
whole group of young seniors in the Lower Silesian region
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was 17.8 and the main component determining its level
were extractions due to caries — more than 12 teeth per
person on average. The average DT number was 1.05 and
was significantly higher in men (1.4 vs 0.72), while the av-
erage FT number was 4.48. In the 1987 study of Wroctaw
residents aged 60—80, the DMFT index was 26.5, and its
individual components were higher in relation to the cur-
rent state: DT = 0.55 and MT = 9.9, while the FT was lower
by 0.8.2° The differences in men were even more marked
(DMFT: 26.2vs 17.2, DT: 1.9 vs 1.4, MT: 22.0 vs 11.4, and
FT: 2.2 vs 4 4).2° These compilations prove that the num-
ber of teeth removed due to caries and the average num-
ber of dental fillings declined significantly over 30 years,
which should be evaluated as positive. In the available
contemporary Polish literature, only 2 regional references
were found. The first is the DMFT index 16.31 (DT = 2.95,
MT = 10.91 and FT = 2.45) in the study of 106 men aged
65—74 from Biatystok.?* A comparison of the caries indices
in both studies shows a similar frequency of teeth removal
due to this reason, as well as a lower number of teeth with
active caries and almost 2 filled teeth more in the study for
Wroctaw. The other reference point concerns people aged
65—74 from the West Pomeranian province, where the
DMFT index was calculated depending on the type of den-
tal treatment financing, and for those treated only in NFZ
facilities and those treated in private facilities, the variables
were, respectively, as follows: DT: 0.99 and 0.9 (in our own
research: 1.41 and 0.87); MT: 18.14 and 9.73 (in our own
research: 15.59 and 9.36); and FT: 3.74 and 9.43 (in our
own research: 2.31 and 6.26).® This comparison reveals
large differences between the two provinces, especially in
the number of teeth removed for cariological reasons, the
number of dental fillings and better care within NFZ facili-
ties in this regard in the West Pomeranian province.

The periodontal care need index that amounts up to
35% in the examined population of young Lower Sile-
sian seniors should be assessed as high. No such crite-
rion of qualification for specialist periodontal treatment
had been found in the available literature. However, this
choice was driven by the desire to avoid measuring the
position of the attachment in such a qualification, which
at this age, regardless of periodontopathies, is moving
apically,?2 which obviously may lead to an overestimation
of therapeutic needs. In the 5-year cohort study, the most
important risk factors for the progression of periodontitis
in the 60—81 age group were identified — current nico-
tinism, elementary or secondary education, being single
or divorced, and diabetes.? Periodontological treatment
of the elderly has its own limitations, which include gen-
eral health conditions, physical handicaps, as well as
lower predictability of the healing process after surgical
procedures.

The percentage of indications regarding the treat-
ment of oral mucosal diseases (35.4%) was quite simi-
lar to the periodontal needs. A foreign regional study,

9%

in which the prevalence of oral mucosal lesions requir-
ing treatment in subjects at the corresponding age was
the closest to our observations, i.e., 36%, was carried
out in a group of 537 Hong Kong residents.?* Also in
this group, the most frequently diagnosed diseases
were prosthetic stomatitis, leukokeratosis, recurrent
aphthous stomatitis, and angular cheilitis.?* However,
the frequency of occurrence of pathological oral mu-
cosal lesions requiring treatment in the elderly is more
diverse. In more recent observations, this percentage
was 59.5% in the regional study in Valparaiso in Chile
(the most common changes were prosthetic stomatitis,
traumatic ulcer, fibroma, and atrophic inflammation
of the tongue),® and 11.8% in the last national German
study (the two most common clinical diagnoses were
prosthetic stomatitis and leukoplakia).?® In our own
study, as high as 9.6% percentage of people with oral
pre-cancerous and cancerous lesions is also noticeable,
which reinforces the message concerning the require-
ment of oncological vigilance.

In 29.2% of the surveyed young Lower Silesian se-
niors, extremely poor oral hygiene was demonstrated in
the form of over 70% average value of the index of teeth
brushing effectiveness and interdental space cleaning.
The adopted threshold is not very high; not reaching it
indicates a practical absence of hygienic procedures in the
oral cavity or their total ineffectiveness. Changing long-
term habits regarding pro-health behaviors has a fairly
bad prognosis — it is very difficult and requires constant
re-education.

In Table 1, for each gerodontological treatment need
there were given 3 subgroups of persons for whom they
were the highest. In the case of the tobacco addiction
syndrome, the distinguished subgroup of people placed
itself among those 3 with the highest needs for each type
of gerodontological treatment, and for periodontal treat-
ment and oral mucosal diseases, this was the top sub-
group with the highest needs. This shows very clearly
the impact of nicotinism on the holistically perceived
dentistry. Fortunately, it is a modifiable risk factor, which
makes it possible to significantly reduce the need for ger-
odontological treatment once this addiction is dropped.
It is absolutely necessary to conduct minimal anti-
smoking interventions during every patient’s visit to the
dental office. The second modifiable risk factor forming
subgroups with the highests need for gerodontological
treatment is the incorrect pattern of daily tooth brush-
ing. While nicotinism is an addiction, irregular brushing
is only a bad habit and as such it does not involve any
special financial consequences while being eradicated,
but still it requires cooperation on the part of the patient.
Focusing on preventive programs addressed to younger
groups of Poles only in the area of these 2 risk factors
should significantly reduce the needs for gerodontologi-
cal treatment of young seniors in the future.
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Our own research had a number of limitations. First
of all, it is the low response rate of the elderly, which de-
termines its low representativeness. The reported 24.2%
response rate was higher than the response rates in oth-
er Polish regional dental examinations of young seniors
— 7.2% in Biatystok?” and 11.8% in the West Pomeranian
province.!® However, these values are low compared to
foreign ones; for example, in the last regional German co-
hort study, Study of Health in Pomerania (SHIP), carried
out in the years 2008—2012, the response rate was 50.1%,%
and in the Italian regional survey among the inhabitants
of Turin conducted in 2009—2010, it was 50.12%.? It is
not known if people participating in epidemiological re-
search in Poland represent larger or smaller needs in the
area of gerodontological treatment. Secondly, it is advis-
able to conduct separate observations for root caries. Due
to the inability to obtain a review radiographic image, the
needs of endodontic and surgical treatment were not de-
termined.

Conclusions

This is the first attempt in Poland to assess the major-
ity of gerodontological treatment needs in a randomized
regional cross-sectional study. It demonstrates high needs
for the prosthetic, cariological and periodontal treatment.
Such national studies are necessary, because on their bases
we can more pragmatically create the scope of dental
procedures financed by the public healthcare service and
develop adequately focused preventive campaigns for
younger groups.
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Abstract

Basal cell carcinoma (BCC) is the most common skin cancer. It accounts for approx. 80% of human skin
cancers and belongs to the group of non-melanoma skin cancers (NMSC). The highest incidence of this
cancer is visible in older people, over 65 years of age. Photodynamic therapy (PDT) is a clinically approved
method with a selective cytotoxic activity. It is used in the treatment of superficial forms of BCC, precancer-
ous conditions (hyperkeratosis, actinic keratosis) and non-cancerous diseases (acne vulgaris, infection with
herpes simplex virus — HSV, leukoplakia, lichen planus).

The aim of the study was to apply PDT to a patient with a clinical diagnosis and histopathologically con-
firmed BCC.

The patient, male, aged 82, reported to the Department of Oral Surgery at Wroclaw Medical University with
BCC of dimensions 0.5 x 1.5 cm, present for 13 years in the area of the right mandibular angle, after previ-
ous surgical treatment. Photodynamic diagnosis (PDD) and POT were employed using a semiconductor laser.
5-aminolevulinic acid (5-ALA) was used as a photosensitizer. The PDD and PDT procedures were applied at
2-week intervals for 3 months. Control visits after 3, 6 and 12 months did not show local recurrence. Photody-
namic therapy is a highly useful, independent method of treating superficial forms of BCC.

Key words: basal cell carcinoma, photodynamic therapy, photodynamic diagnosis, aminolevulinic acid

Stowa kluczowe: rak podstawnokomorkowy, terapia fotodynamiczna, diagnostyka fotodynamiczna,
kwas aminolewulinowy
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Introduction

Basal cell carcinoma (BCC) is the most common skin
cancer. It accounts for approx. 80% of human skin can-
cers and belongs to the group of non-melanoma skin
cancers (NMSC). The highest incidence of this can-
cer is visible in older people, over 65 years of age, but
in recent years, a significant increase in the incidence
of BCC among young people has been observed.! The
most common BCC locations include exposed parts
of the body, such as the nose, forehead, upper lip, na-
solabial fold, eyelids, and 90% of lesions are placed be-
tween the hairline and the upper lip. Furthermore, BCC
may also appear in other areas (the back, shoulders,
dorsal parts of the hands).?? In relation to sex, men are
slightly more likely to get ill. The main factor trigger-
ing this disorder is ultraviolet radiation, especially UVB
(280—320 nm). This correlates with the highest number
of cases in areas with high insolation. Additional fea-
tures that predispose to carcinogenesis include skin
contact with hydrocarbon or arsenic, ionizing radia-
tion, human papilloma virus (HPV), as well as Gorlin
and Goltz’s syndrome. In the area of the head, BCC
grows in the form of a nodule with heaped-up edges,
often with central ulceration or as a red spot with minor
ulcers, often with a central cavity and centers of more
intense pigmentation (partially covered with a scab).
On the other hand, in the area of the trunk, the mac-
roscopic image is different. The cancer is presented as
flat and brown lesions with delicate exfoliation on the
surface, with elevated borders. The tumor shows slow
growth and low local malignancy rates, rarely leading
to distant metastases.* Long-term growth of untreated
tumor causes extensive destruction of the skin, as well
as destruction of the neighboring tissues, posing a sig-
nificant threat to important anatomical structures, in
particular in the area of the head and neck.

Basal cell carcinoma is derived from cells found in the
basal layer of the epidermis. Histologically, the following
forms of BCC have been distinguished: solidum, cysti-
cum, adenoides, keratoticum, pigmentosum, superficiale
multicentricum (located mainly on the trunk and limbs),
cicatricans, and styloides — it is characterized by the least
favorable prognosis; it grows deeper in the form of a sepa-
rating strand that penetrates tissues.® Diagnostics of BCC
usually does not cause any problems during an interview
and physical examination of the patient. However, the
final verification and diagnosis is based on a histopatho-
logical examination of the lesions — entirely cut out or
their fragments.

In the treatment of BCC, surgical treatment remains
the golden standard, but due to the limitations of this
method in the particularly sensitive or esthetically im-
portant areas, behavioral methods play an important
role and they include the following: photodynamic the-
rapy (PDT), radiotherapy and local pharmacotherapy.
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In contrast, invasive methods include methods involving
the excision of the lesion and ablative methods, based on
destruction of pathological tissue, such as freezing, laser
therapy and curettage, supplemented by electrodesic-
cation of tissues. For esthetic reasons, the tumor often
cannot be cut out with the right margin, which results
in later local recurrence. In these cases, an invaluable
advantage is given by non-invasive methods, which in-
clude, among others, PDT.

Photodynamic therapy is a clinically approved method
with a selective cytotoxic activity. It is used for the treat-
ment of superficial forms of BCC, precancerous condi-
tions (hyperkeratosis, actinic keratosis) and non-cancer-
ous diseases (acne vulgaris, infection with herpes simplex
virus—HSV, leukoplakia, lichen planus).6=° However, PDT
is used for small and superficial lesions located on the skin
and mucosa. The effectiveness of PDT is limited mainly
by the ability of light to penetrate into tissues (approx.
3 mm). It is particularly recommended in the treatment
of superficial BCC (sBCC).1°

The main components of PDT are acompound called
a photosensitizer and light. As a result of the absorp-
tion of energy coming from an incident light wave, the
photosensitizer goes into an excited state. Excitation
of the photosensitizer and transfer of the excess energy
around the intracellular structures and tissues lead to
a series of cytotoxic reactions, resulting in necrosis or
induction of apoptosis. One of the widely used com-
pounds which act as photosensitizers are porphyrin
derivatives. These compounds have a maximum ab-
sorption around 405 nm. Therefore, it would seem that
the best source of light to excite this group of photo-
sensitizers is a light-emitting source in this range. Due
to the presence of melanocytes, the skin and mucous
membranes strongly attenuate ultraviolet radiation,
which is why light in the range from blue to near in-
frared is used in PDT. Transmission of light in the skin
and mucosa is increased along with the wavelength. In
order to achieve greater effectiveness of PDT in deeper
layers of the treated lesions, photosensitizers whose
absorption window falls within the range from 600 nm
to near infrared are used. Due to the fact that porphy-
rin-based photosensitizers have a high affinity for cells
with increased metabolism, it is possible to preserve
PDT selectivity only for the treated lesions. In addi-
tion to photosensitizers, their precursors are also used
in PDT. One of the most frequently used precursors
of protoporphyrin IX is 5-aminolevulinic acid (5-ALA)
and its methyl derivative (MAL).

Case report

The patient, R.R. (man), aged 82, suffering from arterial
hypertension, reported to the Department of Oral Surgery
at Wroclaw Medical University concerned about a lesion
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of dimensions 0.5 x 1.5 cm, which had been recurring for
13 years in the area of the right mandibular angle (Fig. 1)
after surgical treatment. Figure 2 shows the lesion during
PDD - red fluorescence of the photosensitizer indicates
neoplasm cells. Before the implementation of the treat-
ment, a clinical diagnosis was confirmed by a histopatho-
logical examination. For 3 months, the patient had PDD at
2-week intervals and he was treated with PDT.

Fig. 1. Local state of patient before treatment

Fig. 2. Lesion during photodynamic diagnosis (PDD) —red uorescence
of photosensitizer indicates neoplasm cells

The treatment algorithm for PDT and PDD was as fol-
lows: clinical examination; collection of photographic
documentation; local application of the photosensitizer
on the BCC site — 20% 5-ALA ointment on eucerin base
(Sigma-Aldrich, St. Louis, USA); after 2 h, PDD carried
out with the following exposure parameters: wavelength
— 405 nm, 50 mW/cm?, source of radiation — a semicon-
ductor laser (developedby professor Witold Trzeciakowski,
Polish Academy of Science, Warszawa, Poland, patent
No. 9223123 B2); photographic documentation dur-
ing the PDD procedure; after PDD, another application
of the photosensitizer —20% 5-ALA covered with dress-
ing — for another 2 h; PDT carried out with the follow-
ing parameters: wavelength — 630 nm, 250 mW/cm?, total
energy — 120 J, source of radiation — the above-mentioned
semiconductor laser. After 3 months, the BCC outbreak
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partially regressed. Figure 3 presents the local condition.
After another 3 months, the patient reported to the control
visit — no recurrence was found (Fig. 4). The next control
was performed 9 months after the procedure. There was
no local recurrence in the postoperative area. The state
after a period of 12 months is shown in Fig. 5. Photody-
namic diagnosis after 12 months is shown in Fig. 6 — there
is no red fluorescence of the photosensitizer, which indi-
cates there are no more neoplasm cells. Figure 7 shows
a standard histological pattern of BCC before treatment
(magnification x100, hematoxylin-eosin (H&E) stain).

Fig. 5. Local state after 12 months



108

Fig. 6. Photodynamic diagnosis (PDD) procedure after 12 months — there is
nored uorescence of photosensitizer

Fig. 7. Standard histological pattern of basic cell carcinoma (BCC) before
treatment (magni cation x100, hematoxylin-eosin (H&E) stain

Discussion

Factors that should be taken into account before the
selection of a treatment strategy for BCC include, among
others, the following: degree of advancement and size
of the tumor, infiltration of the tumor into the adjacent
tissues, location of the tumor, general condition of the
patient, and any previous treatment of the lesion. Among
the many possible therapies, surgical treatment of BCC
remains the golden standard. It ranks first among the
methods with the lowest numbers of relapses in the 5-year
period after the end of treatment — 98.6% effectiveness in
primary BCC and 96% efficiency in secondary BCC.!! In
comparison with conservative therapies, surgical treat-
ment gives the opportunity to evaluate the radicality of the
resection of the tumor by performing intraoperative ex-
aminations with the use of the Mohs micrographic surgery
(MMS). Moreover, it provides the final histopathological
verification of the tumor, which is impossible with the use
of conservative methods. The Mohs micrographic surgery
is based on precise excision of lesions due to a histopatho-
logical examination of the edges in the removed tissues.
This technique gives the maximum possibility of saving
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healthy tissues and it is recommended especially in ar-
eas requiring high esthetics after treatment, such as the
face. Furthermore, it is preferred in the cases of recurrent
BCC lesions with poorly marked borderlines and tumors
exceeding 2 cm in diameter. The Mohs micrographic sur-
gery gives less recurrence over a 5-year period compared
to classical tumor excision.!1®* When determining the ex-
tent of the surgical margin for BCC, the doctor should be
guided mainly by the diameter of the tumor. Therefore, it
is assumed that for lesions not exceeding 2 cm in diam-
eter, a margin of 3 mm ensures effective resections in 85%
of the cases and a 5-millimeter margin guarantees success-
ful resections in 95% of the cases.® This significantly affects
the post-operative esthetic effect in a given anatomical
area, which is very important for the head and neck re-
gion. Scars after surgical treatment depend mainly on the
extent of the tumor and the method of closing the defect
in the resected tissues. Apart from the excised lesions in
the treatment area, healthy tissues are often also excised in
order to collect skin patches used to close the primary cav-
ity. This procedure significantly increases the surgical area
above the correct surgical margin of the resected tumor.
However, there are situations, especially in the head
area, where the determination of a sufficient margin is
limited by the presence of important anatomical struc-
tures, such as the eyeballs, eyelids and earlobes. In these
cases, there are methods that work outstandingly selec-
tively against cancer cells. They include PDT, local the-
rapy with 5% imiquimod and 5-fluorouracil (5-FU), and
targeted molecular therapy with vismodegib, all of which
specifically save the healthy tissues adjacent to the tumor.
Comparing the response to treatment in the case
of a surgical method and PDT with MAL as a photosensi-
tizer (MAL-PDT), a complete response at the level of 96%
for the surgical method and 73% for PDT (in the observa-
tion period of 5 years) has been shown.** However, when
analyzing the esthetic effect of both methods obtained af-
ter the treatment, PDT significantly exceeds the surgical
treatment.4-1¢ Therefore, PDT has become an alternative
method for patients excluded from the surgical treatment
due to general health reasons and for patients in whom,
because of the location of the lesion, scarring after the
surgical treatment would disrupt the esthetic effect.
Methods including topical pharmacological therapy
are mainly used for the treatment of small-size tumors.
In these cases, imiquimod can be used. This is a modula-
tor of the immune response, especially in the field of den-
dritic cells and monocytes. It has been approved by the
Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) for the treatment of BCC with
a diameter not exceeding 2 cm. In addition to anticancer
activity, it is used in the treatment of viral diseases, espe-
cially related to HPV. It is used in the form of 5% cream in
occlusive dressings, depending on the form of BCC, from
6 to 12 weeks, 5—6 times a week. A comparison of lo-
cal treatment with the use of 5% imiquimod for 6 weeks
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in sBCC and for 12 weeks in the nodular form of BCC with
the classical surgical excision showed a 5-year cure rate at
the level of 82.5% for the group treated with imiquimod
and 97.7% for the group where the lesion was excised.'”
Imiquimod is generally well-tolerated by patients, and the
most common side effects observed during therapy are
erythema, scabs, erosions, or dermatitis. The conducted
research comparing the topical therapy with imiquimod
and MAL-PDT showed a slightly higher effectiveness
of the imiquimod treatment in the period of 3 months
and 12 months — 83.4% of patients fully responding to the
treatment in relation to 72.8% in the case of MAL-PDT.®

Another topical treatment of BCC, approved by FDA, is
the 5-FU therapy. 5-fluorouracil is a locally used pyrimi-
dine analog in the form of a cream which acts as an antime-
tabolite disturbing the local DNA synthesis. Pilot studies
on the efficiency of this monotherapy demonstrated 90%
of responses to the treatment with 5% cream with 5-FU on
the phosphatidylcholine substrate. Among patients treated
with 5-FU on the petrolatum substrate, a positive response
was received in 57% of the lesions.’® Other studies exam-
ined the effectiveness of MAL-PDT compared to the 5-FU
therapy. These examinations showed that the percentage
of patients fully responding to the treatment in the period
of 3 months and 12 months was 72.8% for MAL-PDT and
80.1% for the 5-FU therapy. Patients after local pharmaco-
therapy more often reported moderate or severe swellings,
erosions, scab formation, and itchy skin compared to pa-
tients treated with MAL-PDT. On the other hand, during
MAL-PDT, moderate or severe pain, burning sensation
and redness of the skin were most commonly reported.'®

Non-invasive BCC treatment methods include molecular
therapy with the use of vismodegib. It works by interrupting
the Hedgehog signaling pathway, which becomes excessively
active in BCC. Vismodegib is an inhibitor of Smoothened
transmembrane protein (SMO), involved in the activation
of the Hedgehog pathway. By blocking this pathway, vis-
modegib inhibits the development of the tumor and slows
down its growth. In 2012, it was approved by FDA for the
treatment of BCC metastases, recurrence after the resection
of the tumor, and for the treatment of patients excluded from
surgery and radiotherapy. The Safety Events in VIsmodEgib
study (STEVIE) is one of the largest examinations involving
the use of vismodegib. It showed 66.7% of responses in pa-
tients with locally advanced BCC and 37.9% of responses in
patients with a metastatic form of BCC. Patients took orally
150 mg of vismodegib in 28-day cycles. The median of re-
sponse time was 22.7 months, with an average treatment
time of 36.4 weeks. Side effects during the treatment were
reported in 98% of patients. The most common side effects
are the following: muscle spasms (64%,) baldness (62%), taste
disorders (54%), weight loss (33%), fatigue (28%,) decreased
appetite (25%), and diarrhea (18%).2°

Furthermore, there are reports on the possibility
of combining PDT with vismodegib. The research conduc-
ted in this direction showed that the combined therapy
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was well-tolerated by patients. The percentage of re-
sponses to the treatment was 90% (total) and 10% (partial)
responses within 30 days since the end of the therapy. The
combination of vismodegib and PDT is a potentially safe
and effective therapy in the treatment of BCC. It increases
the effectiveness of individual therapies, while maintain-
ing a perfect cosmetic effect.?

Among the invasive methods of BCC treatment, cryo-
therapy (i.e., local freezing) deserves special attention.
It involves the application of a freezing agent in the form
of liquid nitrogen at a temperature of approx. —196°C to
the pathological lesion, thus causing local tissue necro-
sis. In order to destroy BCC tumor cells, it is necessary to
achieve a temperature in the tissue at the level of -50°C
with 2 freezing and thawing cycles.?? Cryotherapy, just
like PDT, is applicable to the treatment of small and su-
perficial forms of BCC. Conducted research concerning
the comparison of cryotherapy and MAL-PDT in the
treatment of sSBCC has shown the response to treatment
at a similar level. During a 5-year period, recurrence
of the diseases at the level of 22% for MAL-PDT and 20%
for cryotherapy was observed. However, the cosmetic
effect obtained with the use of PDT significantly exceed-
ed the results received after the use of cryotherapy, since
healing after freezing very often leaves scars and discol-
oration on the skin.?® August believes that this method
should be avoided in the treatment of BCC on the scalp
and in the nasolabial folds due to the large number of re-
currences after the treatment.?* Ceilley and Del Rosso
also mentioned that cryotherapy can cause recurrence
due to the survival of the tumor in the fibrous stroma
of the scar.?® Moreover, there was also an attempt to
combine PDT with CO, laser ablation and modified
cryotherapy. This attempt demonstrated high efficiency
and a good cosmetic effect in the treatment of BCC in
the nodular form.?®

Conclusions

In the light of the above-mentioned factors, PDT is
a highly useful, independent method of treating superfi-
cial forms of BCC. Furthermore, it provides a satisfactory
effect in combination with other therapeutic options. Due
to its advantage over other therapies in the form of highly
selective action toward cancer cells and very good cos-
metic results after the treatment, it has become an impor-
tant alternative to other approaches, especially in estheti-
cally sensitive areas, such as the head and neck. Studies on
PDT with regard to SBCC show satisfactory treatment re-
sponse rates. The surgery procedures are recommended
for the treatment of BCC, but in special cases, PDT could
be applied. Therefore, it can be considered as a reason-
able therapeutic option, especially for patients who do not
accept possible surgical complications or for patients ex-
cluded from the surgical treatment.
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Er:YAG and diode laser application in implant bed preparation
and implant uncovering: A case report
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Abstract

The use of lasers in the field of dentistry has increased recently. Their numerous advantages and applica-
tions in soft and hard tissue surgeries make them a great alternative to conservative methods in dental
implantology. The most commonly used lasers are diode and erbium-doped yttrium aluminium garnet
(Er:YAG) lasers. The Er:YAG laser can be used in implant bed preparation, as it brings no thermal injury to
the bone. The laser does not cause bone necrosis and positively affects osseointegration and the healing
process. The use of the diode laser in soft tissue surgeries helps to obtain optimal hemostasis. Therefore, it
can be used in implant exposure, since it allows performing immediate impressions.

The present case report describes the implementation of the Er:YAG laser in the implant bed preparation
of asingle-tooth dental implant in position 35 (according to the World Dental Federation (Fédération Den-
taire Internationale — FDI) notation) for better bone regeneration. The implant exposure was performed
with the diode 980-nm laser for hemostasis and immediate impressions. The results of laser employment
were compared to traditional drilling and scalpel techniques. The advantages and disadvantages of the
application of the above lasers were featured.

Key words: erbium-doped yttrium aluminum garnet lasers, diode lasers, blade implantation, single-
tooth dental implant

Stowa kluczowe: lasery erbowo-jagowe, lasery diodowe, implantacja Zyletkowa, pojedynczy implant
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Introduction

The implementation of lasers has expanded recently in
the field of dentistry, as they are innovative alternatives to
traditional dental procedures and helpful supplementary
treatment methods.~3 The wide range of laser applications
includes soft and hard tissue surgery,**® peri-implantitis
treatment,® disinfecting implant surfaces,®’ implant expo-
sure,®® and assistance in orthodontic and prosthodontic
procedures.>!® Their employment has increased notably
in dental implantology.}*® The most prevalently used
lasers in dental clinical practices are diode and erbium-
doped yttrium aluminum garnet (Er:YAG ) lasers.56911

Generally, besides the bone quantity and quality, the
surgical implantation technigue is one of the most impor-
tant factors responsible for the clinical success.*510.12-15
The surgical application of lasers in implant dentistry in-
creases osseointegration and the healing process®1314.16.17
as well as shortens the treatment procedures time,57810.17
Traditional protocols using drills can cause an interrup-
tion in the Haversian canals and Volkmann’s canals, lead-
ing to the necrosis of the osteocytes, and thus to bone
devitalization.*?® However, the necrosis of the osteocytes
can result not only from wrong surgical techniques.t21315
Bone devitalization can also happen during bone over-
heating at a temperature above 47°C* and may result in
complete osseointegration failure.'> Nonetheless, the cor-
rect application of the Er:YAG laser during implant bed
preparation lowers the temperature of the bone compared
to standard drilling methods.*18-22 Additionally, the use
of the diode or Er:YAG laser while exposing the implant
allows dentists to implement immediate impressions, due
to the obtained hemostasis.>"'” Moreover, laser irradia-
tion of the surfaces of the implants decreases the number
of bacteria living on implants and reduces the probability
of infections in the peri-implant zone.57

As it has been described above, the use of lasers in im-
plant dentistry has many advantages. The following case
report describes a combined application of diode and
Er:-YAG lasers during an implantology procedure. The
Er:YAG laser was employed in the implant bed prepara-
tion and the diode laser in the exposure of the implant.

Case report

A 34-year-old female patient was referred to our Private
Dental Healthcare (NZOZ, Ka-Dent, Wschowa, Poland)
for the extraction of tooth 35 (the World Dental Federa-
tion (Fédération Dentaire Internationale — FDI) notation
used) and a single-tooth implant treatment after the bone
healing period. A lateral panoramic radiograph (CS 9000
3D; Carestream Health, Inc., Rochester, USA) showed
failed root canal treatment (RCT) of tooth 35 (Fig. 1). Due
to the small percentage of successful conservative ap-
proaches, the decision to extract was made and the proce-
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Fig. 1. Panoramic radiograph before the extraction of tooth 35

dure was performed. After a 4-month healing period, the
patient returned to continue the treatment. Her medical
history revealed no drug allergies, current medications,
smoking, or diseases relevant to dental implantation. An
intraoral examination showed good oral hygiene. Before
the surgical procedure, a cone beam computed tomo-
graphy (CBCT) scan was taken (CS 9000 3D; Carestream
Health, Inc.) (Fig. 2). The obtained sufficient bone quan-
tity and quality confirmed for titanium implant insertion.

The treatment plan was a single-tooth dental implant in
position 35. The implant bed preparation was planned with
the application of the Er:YAG laser for better bone regen-
eration, and implant exposure with the diode laser for im-
mediate impressions. The patient was informed about the
treatment procedures, and consent was obtained. The sur-
gery was performed under local anesthesia (articaine hy-
drochloride 4% with epinephrine 1:100k, Citocartin® 100;
Molteni Dental, Krakéw, Poland). The mucoperiosteal flap
was elevated to gain access to the bone. The location of the
implant bed was determined on the basis of CBCT, and
then prepared using the Er:-YAG laser (Lite Touch®, Syner-
on Dental, Yokneam, Israel) at the following parameters
set: operation mode for soft tissues (ST); energy: 300 mJ;
frequency: 35 Hz; pulse duration: 300 us; energy density
per pulse: 39.79—59.68 J/cm?; distilled water spray cooling:
30 mL/min; tip angle set at 10°; tip size: 0.8—1.3 x 17 mm;

Fig. 2. Cone beam computed tomography before implant treatment,
4 montbhs after the extraction of tooth 35
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distance: 0—2 mm (Fig. 3). The implant bed preparation
was adjusted to the shape of the implant (SuperLine®; Den-
tium Co., Ltd., Seoul, South Korea; titanium grade 4 im-
plant, with a diameter of 4.0 mm and a length of 12 mm)
(Fig. 4). The implant bed length was evaluated with a peri-
odontal probe. The width of the prepared implant bed was
controlled by placing drills from a surgical cassette of the
system utilized in this case. The final dimension of the im-
plant bed allowed us to manually apply a drill with a dia-
meter of 3.6 mm and a length of 12 mm.

Due to photoacoustic phenomena (the cavitation effect)
induced while using the Er:-YAG system, the implantation
site showed decreased bleeding compared to the proce-
dure with bur cutting. The implant was inserted (Fig. 5)
and non-absorbable sutures (Dafilon® 4.0; B. Braun Mel-
sungen AG, Melsungen, Germany) were used to stabilize
the wound edges. Directly after the implantation, the
second panoramic radiograph (Fig. 6) was taken, which
confirmed the proper implant position in relation to the
adjacent teeth. The primary stability measured by means

Ky

Fig. 3. Implant bed preparation using the Er.YAG laser

Fig. 4. Surgical site before implant placement

Fig. 5. Surgical site after implant placement

Fig. 6. Panoramic radiograph after implant placement

of the Periotest® device (Medizintechnik Gulden e. K.,
Modautal, Germany) was —3.6 PTV (Periotest value). The
sutures were removed after 2 weeks.

After 4 months of healing, the patient reported back
to continue the treatment (Fig. 7). Using local anesthe-
sia (articaine hydrochloride 4% with epinephrine 1:100k,
Citocartin 100; Molteni Dental), the implant was uncov-
ered with the diode laser (GENTLEray® 980; KaVo Dental
GmbH, Berlin, Germany) (Fig. 8,9). The laser operated at
the following parameters set: wavelength: 980 nm; power:
1.5 W in contact mode, continuous wave (CW); distance:
0 mm; power density: 9550 W/cm?, tip angle set at 90°;
fiber: 200 um; without cooling. To gain a greater volume
of the high keratinized tissue, a crescent-shaped cut in
the attached gingiva (AG) around the uncovered implant
was performed with the diode 980-nm laser and the flap
was buccally displaced using a soft tissue elevator, which
caused only minimal bleeding (Fig. 9).
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A prosthetic impression with a connected impression trans-
fer using an open tray method was taken 2 weeks later, and

then after 3 days, a coupling was mounted onto the implant
and the final prosthetic crown was cemented (Fig. 10,11).

Fig. 7. Healed surgery site 4 months after implantation

Fig. 10. Coupling mounted on the exposed implant

Fig. 8. Marked cutting line on the attached gingiva for implant uncovering
using the diode laser

Fig. 9. Buccally displaced attached gingiva around the uncovered implant

Fig. 11. Cemented nal prosthetic crown

Discussion

The implementation of the Er;YAG laser in implant
dentistry has many advantages. A study by Zeitouni et al.
has proven that the Er:-YAG laser causes less thermal
tissue damage, trabecular compaction and carboniza-
tion than conventional drilling techniques.?® Although
different studies reported that piezosurgery and drilling
methods, when implemented correctly, did not cause
thermal injury above the critical temperature,!81921.23
their studies show that the Er:YAG laser causes a lower
increase in the bone temperature!®%23 as well as in the
soft tissue temperature.?! Similar findings were reported
by other researchers.*?° Therefore, no bone devitalization
and necrosis occurs after the surgery.!21315 The Er.YAG
laser generates light at an energy level that is readily
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absorbed by water, and thus minimizes carbonization
and the necrosis of the adjacent tissue.?’ Additionally, the
small-diameter decortication performed by means of the
Er:YAG laser appears to provide better primary stability
as compared to drill and piezosurgery.® The use of the
laser results also in minimized deformation of bone tis-
sue, precision in osseous preparation and accelerated
healing.181°21-23 Furthermore, Baek et al. reported that
the Er:YAG laser could partially diminish bleeding, which
in turn could contribute to healing and therefore better
osseointegration.?* The application of the Er:-YAG laser
has also been confirmed useful in implantations near the
maxillary sinus, since it reduces the risk of the iatrogenic
perforation of the Schneiderian membrane.*®

Although there are many studies demonstrating the
application of lasers in bone and soft tissue surgery dur-
ing dental implantation,’-51"-?* only few evaluate their
advantages in implant bed preparation.?>-?° The research
by Seymen et al. compared the differences between the
planned and prepared implant beds for the erbium,
chromium-doped yttrium scandium gallium garnet
(Er,Cr:-YSGG) laser group and the conventional drilling
group in coronal and apical deviations.?® The differences
in the mean angular, coronal and apical deviations were
reported to be marginally in favor of traditional drilling
methods. However, the researchers considered the devia-
tions clinically insignificant and described laser employ-
ment as a feasible method for implant bed preparation
with desired depth, angle and diameter.?®> However, im-
plant bed preparation using lasers entails some disad-
vantages.?>~%" The biggest drawback in laser osteotomy
are wider peri-implant gaps, especially in the apical ar-
eas of the cavities, compared to conventional drilling.2%2
Stubinger et al. reported that even a slight angulation
of the laser beam direction can lead to a severe bone
loss in the implant bed. To eliminate the peri-implant
gaps, an individual template can be used.?® Neverthe-
less, this method still excludes depth control. To elimi-
nate both of the drawbacks mentioned above, Seymen
et al. presented the employment of a stereolithographic
(SLA) surgical guide for guiding the laser handpiece.®
The described technique allowed not only for a desired
angle of the implant bed preparation, but also for depth
control. Additionally, Ingenegeren listed several factors
needed for proper implant bed preparation using lasers:
the laser tip needs to be longer than the implant, there
must exist congruence between bone preparation and
the shape of the implant (less critical with the utilized
conical and self-tapping implants than with the cylindri-
cal types), and the bone must be properly cooled with the
water spray system of the laser.?° Following the above in-
structions helps to achieve clinical success.?® However, it
should be also underlined that in our presented case, the
main difficulty during implant bed preparation was the
lack of precision regarding the assessment of the width
and length of the prepared bed.
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A crucial factor in the success of implant-prosthetic
treatment, among others, isimplant osseointegration. Fac-
tors influencing osseointegration are, e.g., dental implant
composition, implant design, bone heat, bone contamina-
tion, primary stability, bone quality, soft tissue status, and
loading time.* A modern high-power laser working in the
wavelength of 3000 nm allows cutting both soft and hard
tissues without visible thermal damage, due to the vapor-
ization effect. It should be underlined that clinicians can
use the Er:YAG laser not only for superficial vaporization
of different tissues, but also for cutting, especially soft tis-
sue, similar to cutting with a scalpel when using special
chisel-type tips, without visible necrosis along the cutting
line.3° Implant bed preparation with low thermal damage
at the bone level as well as other abovementioned factors
are essential for short and long-term success of the treat-
ment described in our present paper.

Additionally, the quantity and quality of AG around the
prosthetic restoration supported on implants are impor-
tant factors in maintaining the restoration.®® The suffi-
ciency of AG around fixed restorations is the key factor in
choosing a technique for uncovering implants. The mini-
mum of 2 mm in thickness of the keratinized tissue (TKT)
and in height of the keratinized tissue (HKT) is required
for implant uncovering without subepithelial connective
tissue grafts (SCTG) or free gingival grafts (FGG).2 The
precision of lasers (small cut width) during implant un-
covering allows minimal interference in AG.

Lasers in dentistry have many advantages, not only
from the dentist’s viewpoint but also the patient’s. The
combined use of Er:YAG and diode lasers will undoubt-
edly increase in the future. Within the limitations of the
present study, it was concluded that Er:YAG laser applica-
tion in implant bed preparation and diode laser employ-
ment in implant uncovering may represent a promising
alternative to conventional surgical protocols. However,
the authors unambiguously agree that the use of lasers is
not flawless. Therefore, further clinical studies on a larger
group of patients are required to evaluate their clinical
limitations and long-term results.
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