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Abstract: The aim of this study, is to research an answer to the question of have mobile phones effects on
periodontal tissues and teeth. Twenty eight Wistar Albino adult male rats (4 months) with initial average weight
of 267415 g were obtained from the Medical Science Application and Research Center, caged individually and
fed with standard pelletted food (TAVAS Inc. Adana, TR). They were separated mto three groups such as cage
control (n = 7), sham exposed (n = 7) and experimental (n = 14) and kept on a 14/10 h light/dark schedule. The
rats were confined in a Plexiglas carousel and rat heads n the carousel exposed to 900 MHz microwave exposure
emitted from generator. For the study group, rats exposed to the radiation 2 h per day (7 days in a week) for
10 months. Although, there was no statistical difference determined among the groups of experimental and sham
groups (p=0.05), there were numerically more mdividuals effected of RF radiation in the experimental group. In
our study is the statistically significant difference among the groups of experimental, sham and control groups
i the case of vasodilatation in periodental ligament and alveolar bone (p<0.05). By the histopathologic
evaluation abnormal changes like vasodilatation and focal bleeding areas were determined in periodontal
ligament, alveolar bone, gingiva and pulpa among some individuals. These degenerations were mn different
levels. These findings of our study indicates that there 1s need to more ammal, human being and epidemiologic
studies meluding much more individuals.
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INTRODUCTION

Radiofrequency (RF) fields are part of the
electromagnetic  spectrum. For the purpose of
mternational electromagnetic fields (EMF) project, such
fields are defined as those within the frequency range
10 MHz and 300 GHz. Natural and human-made sources
generate RF fields of different frequency. Common
sources of RF fields include: FM radio mobile telephones,
television broadcast, microwave ovens, medical
satellite  links

communications and sun (Fact Sheet, 1998).

diathermy, radar, microwave

)

Mobile telephones, some times called cellular phones
(GSM, Global System for Mobile Communication) or
handies, are mtegral part of modem
telecommunications. In some parts of the world, they are

1now  an

the most reliable or only phones avaliable. In others,
mobile phones are very popular because they allow
people to maintain continuous comminication without
hampering freedom of movement (Fact Sheet, 2000).

The widespread use of mobile phones in recent years
has raised many questions about whether their use 1s
safe, because the operator is exposed to Electromagnetic
Waves (EMW) in Ultra High-Frequency (UHF) range
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(i.e,300-3000MWHz). The expose to hd gl irdensity EWW
in the UHF range produces heat and can cause therma
damage to the brain However, the effects of exposze to
ELTW of sufficiently low-intensity not to casse elevation
of brain tem peratuee are et to be clarified (T auita of o,
2000, The use of mobile photes operating inthe 200 MH=
frequency band is very widespread and ever increasing
(Mdaes, 2001y, Conflicting effects of EMF have been
reported in Electroencephalogram (EEG). While, some
studies have reported that exposwe to EMF around
200 IMHz hawve had effects on the EEG (Marm and
Foschke, 1296, Euite ef @i, 1998, Freude o al, 15998,
Erause ef al, 20000 not 41 stadies hawve been able to
demonstrate such effects (Roschke and Mamn, 1997,
Wagrer ef al., 190E).

Concern hias been expressed for mamber of years that
exposire to BF fields emanating from mobile phones and
radar  and television transmitters may increase the
incidence of cancer it hnan ans. Epidemiologieal studies
have not indicated an increased cancer risk, bt the
methodology and exposure assessments are generally
cotisidered to hawve been subpotimal (WEFPE, 1992
UNEFARPASVHO, 1993; Repachol, 19967,

Experimerts rewieved for the World Hedth
Organization (UNEPARPAMSHO, 1993 and for the
Mational FRadiological Protection Board of the Uk
(MEPE, 1992 did not demonagrate corveineingy arry divect
damage to DHNA after acute or chronic exposwe of
biologica sytems to RF flelds. In particdar, when
tethperatares wer e maintained within norw al phersiologieal
limits, fio0 evidence for incducton of DMNA hreaks or
cht othosotne abertations was found On the other hatds,
two tecent shidies have suggested that RF fields can
affect DHNA (Sarkaref al, 1994; Lai and 3ingh 1982,

The periodortiten cotsists of the imvesting and
supportitg tissues of the tooth (gingiva, Periodonta
Liganent (PL), cethentun, Alweolar Bone (AE). The
gitngva is the part of the oral mucosa that cowvers the
alveolatr processes of jaws and srrounds the necks of the
teethy The periodortal ligamernt is the connective tissue
that suwrrouns the root and cormects it with the bone. It is
cortitnaoas with the cotre ctive tissue of the gitgiva and
commtadcates with the marrow spaces through vasoudar
chatmels in the bone. Cementum is the calecified
mesenchymal tissue that forms the outer covering of the
anatomic root. There are two mian fypes of root
cemerthim: acellillar (primary) and cellular (secondad.
The alwveolar process is the portion of the macilla and
matidible that forms and supports the tooth sockets
(alweoli). It forms when the tooth etapts to provide the
osseous  attackmment to the forming periodorta
ligam ert, it disappess gradually after the tooth is lost
(Catranza and Hewmar, 1996,

We have examined all the sudies in which the mobile
phones effects on health were invesigated. However,
there were a lot of studies in that the effects of mohile
phones on head were investigated, we didn’t encounter
ahy histopathologic study focused on the effects on
periodontal tissues o teeth Becanse of thiz we plarned
this study to itvvestigate the effects of mobile phones on
periodortal tissues and teeth histopathologically. The aim
of thiz study, iz to research an answer to the question of
hawve mobile phones effects on periodontal tissues and
teeth,

MATERIALS AND METHOD 5

Subjects and animal care: Twenty eight Wistar Alhino
adult male rats (4 months) with indtial average weight of
267+15 g were obtained from the Medical Seience
Application and Fesearch Certer of Dicle University
(Diyathaldy, TH), cagedindividudly and fedwith standard
pelletted food (TAV AS Ine. Adana TE). Fina average
weight of the arimals was363+12 g They were separated
into three groups such as experimental (n = 14), sham
exposed (1= 7) and cage cortrol (h=7) and kept on a
1410 hlight/dark schedude. Daing the stady, the ambient
temperature (22°07 and reldive homidity (43%) were
mairtained in the nommal range for these animals All
atit d procecures were it agreement with the Principles
of Laboratory Arimal Care and the ndes of Scientific and
Ethics Committes of Dicle University Hedth Fesearch
 exiter,

Exposure and measurement of radiation: & generator
(Fah Sirodator 200 PO type Evered © amp., Adapazard,
Tutkey), which is produce 200 MHz radicfrecuency
radiation used in this study to represent exposwe of
global systems for mobdle commud cation (R3RD) celld ar.
Emitted power (circular space distribation) of the
geterator was fixed o 2 W daring exposure. Antenma of
the generator was equivalent to atterma of mokile
photes.

Fig 1: Exposxe system
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The rats were confined in a Plexiglas carousel and
rat heads in the carousel exposed to 900 MHz micro-
wave exposure emitted from generator (Fig. 1). For the
study group, rats exposed to the radiation 2 h per day
(7 days 1n a week) for 10 months. For the sham group,
rats were placed mto the carousel and same procedure
were applied to the rats (2 h/day, 7 days/week, 10
months), except that the generator was turned off.
Antenna of the generator was placed at the center of
Plexiglas carousel to provide ideal exposure (Fig. 1).
Distance of antenna to head of the rats was 1.5 cm. Power
Density inside Plexiglas carousel cages was measured
by EMR 300 (NARDA, Pfullingen, Germany). Average
power density at the center of the
was measured as 0.0252 mW cm . However, average
power density at the area of rat tails was as measured
0.0045 mW cm .

For the cage control, nothing applied to rats
thus  group and they completed thewr life cycle in
the cage during the study period On the last day of
the study, immediately after the last exposure, the
rats were euthamzed with a lethal dose of mtra-
peritoneal pentobarbital and maxillary posterior teeth
with the surrounding soft and hard tissues were
extripated completely. Tissues was fixed in 10% buffered
formalin.

carousel cages

Histo-pathological procedure: Histopathologic evaluation
was performed in Dicle Unmiversity Pathology Department.
Tissues was fixed m 10% buffered formalin and fixed in
Boumn’s fixative. All tissues were processed in paraffin.

Consecutive 4 mm thick sections were stained with
haematoxylin and eosin and examined microscopically.
Histological and pathological assessments were done
with a light microscope.

Statiscal methods: Exact test, Pearson Chi-Square (A%)
Test and Comporision of Proportion Tests were used in
analyses. SPSS-15.0 for Windows ve med cale version
9.4.2.0 stathistic software programs were used to make
calculations and evaluations.

RESULTS

By the histopathologic evaluation abnormal changes
like vasodilatation and focal bleeding areas were
determined in periodontal ligament, alveolar bone, gingiva
and pulpa among some mdividuals. These degenerations
were in different levels. Because of this, the vasodilatation
scores were recorded as no, mild and severe. The
abnormal change rates were shown as percentages in
tables and the differences among the groups were
evaluated statistically.

The vasodilatation rates and comparisions were
shown m Table 1, focal bleeding areas comparision in
Table 2. There were no changes in cement, dentin and
enamel tissues among all the groups, because of this
these tissues are not shown in tables.

In Table 1 the tissues vasodilatation percentages
were shown. Although, there was no statistical difference
between the control and sham groups among all tissues

Table 1: The comparision of the groups in the aspect of vasodilatation among the evaluated tissues

Periodontal ligament. Alveaolar bone Gingiva Tulp
Groups No Mild Severe No Mild Severe No Mild Severe  No Mild Severe
Group 35.7% 57.1% 7.1% 64.3% 28.6% 7.1% 85.7% 14.3% %% 85.7% 14.3% %
n=14 n=35) n=29) n=1 n=9 n=4 n=1) n=12) n=2) n=12) n=2)
Group 42.9% 57.1% [0 57.1% 42.%% ®o 1000 [0 [0 1000 ®o [0
n=7 n=3) m=4 m=4 m=3) =7 =7
Group 85.7% 14.3% 0 85.7% 14.3% (10 85.7% 14.3% %% 10006 o %%
n=7 n=06) n=1) n=06) n=1) n=06) n=1) n=7

X?=13.652 X?=9.563 X?=3.893 X2 =1.400

p=10.003* p =0.049% p=10.420 p=10.481
p<0.05
Table 2: The comparision of the groups in the aspect of focal bleedings in the evaluated tissues

Periodontal ligament Alveaolar bone Gingiva Pulp
Groups No Mild Severe No Mild Severe No Mild Severe  No Mild Severe
Group 57.1% 35.7% 7.1% 85.7% 14.3% (10 10006 %% %% 76.8% 7.1% 14.3%
n=14 mn=28) n=2=5) m=1) n=12) mn=2) m=14 m=11) m=1) m=2)
Group 1000 [0 [0 100% ®o ®o 1000 [0 [0 42.9% 0% 57.1%
n=7 n="7 n="7 [0 [0 n=3) m=4)
Group 1000 [0 [0 85.7% ®o 14.3% 1000 [0 [0 1000 0% 0%
n=7 n=7 n=06) n=1) n=7

X?=6.507 X?=1.400 X?=17.330

p=0.074 p=0.481 No statstics p=0.012
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Fig. 2: An example of alveolar bone in exposire group
(HE=20d0

Fig. 3: An example of alwveolar bone in sham group
(HE=10d7

Fig 4: An example of pulp and periodontal ligament in
conitrol group (HE=200)

(p>0.05), in the case of periodontal ligament and alveolar
bone there were statistically significant differences among
the groups of control and sham, control and experimental
(p=0.05).

Inthe case of periodontal ligament: In the expenmental
group in & individual mild, in 1 individual severe and in 5
individual no vasodilatation was detenmined.

In the sham group in 4 individual mild and 3
individual no changes were determined.

In the control group in 1 individual mild and in 6
individual no vasodilatati on was detenmined.

In the case of alveolar bone: In the expenimental group in
4 individual mild (Fig. 2), in 1 individual severe and in 9
individual no vasodilatation was detenmined.

In sham groups in 3 individoaly severe(Fig 3 andin
4 individuals no vasodilatation was deternmined.

In the control group in 1 individual mild and in 6
individual no vasodilatation (Fig 47 was established.

In the aspect of focal bleedings, although there were
differences in the munber of positive individoal munbers
there was no statistical differences among the groups
(p=0.05).

DISCUSSION

The interaction of BF emitted from moebile phones is
still a popular topic, which has been contining, However,
data related to this interaction from scientific articles are
conttroversial. We petformed this preliminary observation,
wiich is to investigate periodontal tissues and teeth in
rats after exposure emitted from mobile phone.

This regearch iz performed on rats because our aim
was to investigate the teeth and surrounding soft and
hard tizsues histopathologically. By this way wee would be
gble to evaluate the stractural and cellular changes in
teeth and periodontivm. All animal procedures were in
agreement with the Principles of Laboratory Animal Care
arid the niles of Soientific and Ethics Committee of Dicle
Universty Health Research Center.

Longtenm animal exposure studies are difficult to
accotrplish  and  expensive Ideally,  constant
etrvirotnettal conditions should be maintained throught
the expenmental period, the handling of test animals
showld be rigidly comtrolled and standart operating
procedures should be developed and followed. In our
study the same standart were maintained.

Most studies of exposure to BF radiation have been
of <1 year’'s duration ( Jpalding ef ol 1971, Toler et ol
1988, Vilmaz ef of., 2008) Also, in our study the period
was planed as 10 months,

Az it iy known, G3M phones generally work at three
batds, which are 900, 1,800 and 1,900 MHz in the World.
In1 this study, we investigated effects of 200 MH= GEM
mohbile phone exposure on periodontal tizssues and teeth
in rat that are sensitive to BF radiation. Because, the use
of mobile phones operating i n the 900 MHz
frequency band iz wery widespread and ever increasing
(Ilaes, 20017

Inthis study, all structures constituting periodontinm
atd teeth were evaluated in histologic sections. Due to no
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changes in cement, dentin and enamel there was no need
to show their data in tables.

As we menticned above, scientific literature in this
field 1s no exist or inadequate. Thus, 1t 1s too difficult to
discuss the results of this study with others. In addition,
we did not find any articles related to interaction of
radiation emitted from mobile phones and periodontal
tissues and teeth discuss directly. However, we can
discuss the results of this study with some articles
indirectly.

Some of these
mcidence. In a large epidemiological study, wlich
followed cancer morbidity in the whole population of
military career personnel in Poland during a 15-year period
(1971-1985), reported that leukemia and brain tumors are
significantly higher in RF-exposed personnel compared
with unexposed ones (Szmigielski et al., 1982). In a case
control study, Hardell et al. (2002) suggested that the
ipsilateral use of an analog cellular phone yielded a

studies have measured cancer

significantly mcreased risk for malignant brain tumors.
Hardell et al. (2003) also showed an increased risk for
brain tumors among users of analog cellular telephones in
studies in recent years. No promoting effects of cell
phone RFs were observed m a rat liver carcinogenesis
model (Tmaida et al., 1998a, b). In addition, some studies
reported that RF radiation did not induce or promote
Central Nervous System (CNS) and bramn tumors
(Salford et al., 1993; Adey et al., 1999, Higashikubo ef al.,
1999, Adey, 2000, Zook and Simmens, 2001 ). However,
Valberg (1997) reviewed that there are studies arguing that
the increased cancer risk reported in comnection with
exposure 15 due to various experimental errors and 1s not
the result of the RF radiation. Thus, the question whether
exposure to RF radiation leads to cancer, although of
grave concern for the general public, still remains a
puzzling 1ssue which 13 awaiting the arrival of more
modern tools to be resolved (Mashevich et al., 2003).

A few studies assessed life span or have assessed
multiple end points related to the overall health of animals
(Toler et al., 1988, Yilmaz et al., 2008). Spalding et al.,
(1971); in studies exposed mice to 800 MHz RF radiation
for 2 hiday, 5 days/week, for, 35 weeks. The power
density was 43 mW com . End pionts
erythrocyte and leuckocyte count, hemoglobm level,
hematocrit, activity level, body weight and life span. No
significant differences between the RF-radiation-exposed
and sham-exposed groups were seen for any of these

included

measures. However; in the study of Prausnitz and Suskind
(1962), which is included for its historical interest, mice
were exposed to 9270 MHz RF radiation at 100 mW/cm®
(4.5 min/day, Sdays/week, for 59 weeks). The exposure to
RF radiation caused the rectal temperatures to increase by

2-5°C. The mice were followed for up to 83 weeks after the
start of exposure. The authors described the presence of
a leukocyte neoplasm, which they termed leucosis, as well
as testicular degeneration, in exposed amimals.

By what mechanism can RF fields perturb biological
systems? RF fields are non-ionizing radiations (Fact sheet,
1998). Unlike 1onmizing radiation or ultraviolet light, the
photon energy of RY fields s much too low to break
chemicel bonds directly. However, RF fields induce
electric fields that result in flow of ions and rotation of
asymimetric charged molecules (dipoles). This increase in
linear and rotational energy is rapidly dissipated by
molecular collisions, which generate heat. The field-
induced molecular rotation is known as dielectric
dispersion and 1s maximal for a given dipole at a
characteristic relaxation frequency. At 900 MHz the
dominant relaxation phenomenon (in which there is a rapid
change in the dielectric constant and conductivity of the
absorbing tissue) 1s the d-dispersion, which results from
the relaxation of bound water, amino acids and charged
side chains in proteins. Thed-dispersion and, to a lesser
extent, the other relaxation phenomena are responsible for
the eventual heating of tissue after absorbsion of RF
energy (UNEP/IRPA/WHO, 1993; Kaplan et al.,, 1983).

In ouwr study it can be seen that there was no
statistical difference determined among the experimental
and sham groups. This result 13 harmonical with some
other studies in which 900 MHz RF radiatio was exposed
(Spalding et af., 1971; Toler et al., 1988; Yilmaz et al.,
2008). Although, there was no statistical difference
determined among the groups of experimental and sham
groups, there were numerically more ndividuals effected
of RF radiation in the experimental group. Another
important  finding of our study 15 the statistically
significant difference among the groups of experimental,
sham and control groups mn the case of vasodilatation in
periodontal ligament and alveolar bone. These findings of
owr study indicates that there is need to more animal,
human being and epidemiologic studies including much
more individuals.

CONCLUSION

The case if the mobile phones treath or not the
community health is stil not clarified. There is no study in
literature about the RF radiations effects on teeth and
pericdontal tissues as it 1s the topic of our study. This
study 1s important because it 1s the first study m this field.
The answer of the questionhave mobile phones have
effects on teeth and periodontal tissues was investigated
1n thus study. Although, the number of rats whose tissues
were effected in the experimental group were numerically
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more than the sham group the was so statistical
significancy among them. Because of tlus, the answer of
the question have mobile phones have effects on teeth
and periodontal tissues couldn’t be fully constituted. But
we believe that it can be answered by more detailed
further studies. And we think that our study may be a
guide to those further studies.
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