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Abstract
Background: The need for electrical power continues to increase along with the rapidly growing economies of
industrialized countries. However, the effects of electrical fields (EFs) on human health remain unclear. Hence, the aim
of the present study is to evaluate the histological effects of an extremely low frequency magnetic field (ELF-MF) on
the rat mandibular condyle. Methods: Twenty female Sprague–Dawley rats were randomly allocated to one of two
groups (n = 10): an untreated control group and an ELF-MF group exposed to a 1.5-mT ELF-MF for 4 h per day for 6
months. After exposure, the left mandibular condyles of all rats were collected for histopathological examinations.
Results: The histopathological changes to the ELF-MF group included a non-homogenous appearance and decreased
thickness of the hypertrophic layer, irregular appearances of bone marrow cavities, significant deterioration, and
delayed calcification and ossification. There were no significant differences in the thicknesses or histomorphometric
appearances of the fibrotic, proliferative, and hypertrophic layers of the mandibular condyle of rats between the groups
(p = 0.05). Conclusion: Long-term ELF-MF exposure can induce histopathological changes to the mandibular condyle
of rats.
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structural changes in bones using the mandibular
condyle of rats as samples.

Introduction
The skeleton provides structural support to the entire
body.1 Many normal and abnormal processes cause
changes to the maxillary and mandibular bone tissue.2
The prevention of bone loss due to aging, menopause
(hormonal changes), immobilization, and harmful
external stimuli, such as a magnetic field (MF),
normally requires understanding of the factors that
regulate restructuring activities.3.

Methods

Physical stimuli, especially mechanical loading, are the
most important determinants of bone mass and
architecture.4 The biological effects of MF on osteoporosis
in both humans and experimental animal models are
known. However, there are no data in the literature
regarding the histological and histomorphometric changes
to the condyle in response to an extremely low
frequency (ELF) MF.

The study protocol was approved by the Ethics
Committee of Dicle University (Diyarbakır, Turkey)
and conducted in accordance with the principles of the
use of animals for scientific research. A total of 20
female Sprague–Dawley rats weighing 157–226 g were
housed in an animal care facility under a 14:10-h
light:dark cycle at a constant temperature of 22 °C ±
3 °C and humidity of 45% ± 10% with free access to
water and standard rat pellets throughout the
experimental period. After acclimation, the rats were
randomly assigned to one of two groups (n = 10): the
control group (CNT) or the ELF-MF Group (ELF-MF).
All rats in the ELF-MF group were exposed to 1.5 mT
of ELF-MF for 4 h per day for 6 months.

Long-term exposure to an ELF-MF or radio frequency
has been associated with an increased risk of adverse
health outcomes, which is the main problem in relevant
research.5,6 Therefore, the aim of the present study is to
determine whether long-term ELF-MF exposure causes

The MF was produced using Helmholtz coils in a
Faraday cage. The magnet was constructed by wrapping
125 turns of insulated soft copper wire with a diameter
of 1.5 mm. An electrical current of 1.5 mT was
generated using an AC power supply (Adakom, Turkey)
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and passed through the Helmholtz coils (Figure 1). MF
intensities were measured once per week at 15 different
points on the methacrylate cages using a Bell 7030
Gauss/Tesla meter (FW Bell, Inc., Orlando, FL, USA) to
ensure homogeneity in the field during the experiment.
The animals in the ELF-MF group were exposed to a
1.5-mT ELF-MF for 4 h per day in methacrylate cages
for 6 months. The rats in the control group were not
exposed to an EF and were merely housed with free
movement in identical methacrylate cages.
All rats were euthanized by intramuscular injection of
100 mg of ketamine/kg body weight, and the left
mandibular condyle was collected, fixed in 10% neutral
formalin, and decalcified in 5% formic acid. For histopathological evaluations, 5 µm-thick sections of paraffinembedded mandibular condyle specimens were stained
with hematoxylin and eosin, followed by trichrome
stain. Histological evaluations were performed using an
Eclipse 400 light microscope (Nikon Corporation,
Tokyo, Japan) at an objective magnification of ×10. The
thickness of the capillary layer was measured using an
ocular micrometer. Measurements were made at the
middle of the mandibular condyle. Histological staining
of the three layers of each joint region [i.e., fibrous
(joint), proliferative (chondrogenic), and maturative/
hypertrophic] was scored for comparative analysis

Results
The regular fibrotic layer and open fibroblastic activity
were observed in the fibrotic area of the mandibular
condyle of rats in both groups. The proliferative layer of
the control group was regular, with an open passage
from the proliferative layer to the hypertrophic layer
(Figure 2). However, the cell diameter of the hypertrophic
layer was significantly greater in the control group. In
the ELF-MF group, a non-homogenous appearance and
a decrease in layer thickness were observed in the
hypertrophic layer. Bone marrow cavities were normal
in the control group, but irregular in the ELF-MF group.
In addition, an increase in bone marrow was observed in
the ELF-MF group (Figure 3). Regular transition from
the hypertrophic area to the ossification layer was
observed in the control group, and significant
deterioration and delayed calcification and ossification
were observed in the ELF-MF group. Histomorphometric
analysis showed no significant difference in the
thicknesses of the fibrotic, proliferative, and hypertrophic
layers of the mandibular condyles of rats between
groups (Figures 4 and 5).

All statistical analyses were performed using SPSS
version 15 software (SPSS, Inc., Chicago, IL, USA).
Differences in the thicknesses (µm) of mandibular
condyle layers between groups were identified using the
Kruskal–Wallis test. A probability (p) value of 0.05 was
considered statistically significant.

Figure 2. The histologic appearance of the control group (HE
stain, ×10)

Figure 1. Experimental set-up
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Figure 3. The histological appearance of the ELF-MF group
(HE stain, ×10)
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Figure 4. The Thickness of the proliferative layer (µm). There
was no significant difference in proliferative layer thickness
between groups
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development, inhibit osteoclastic activity, contribute to
the healing process of bone fractures, and promote
granulation and the formation of fibrous tissue in wound
healing. Although some studies have concluded that an
ELF-MF poses no risk to human health, others have
reported deleterious effects on the immune system, the
induction of carcinogenic effects, such as leukemia, and
the formation of neurologic diseases, endocrine system
disorders, degenerative heart diseases, vascular damage,
and emphysema. The effects of ELF-MF on the
mandibular condyle of normal rats have not been fully
assessed. Hence, the aim of the present study was to
investigate the effects of ELF-MF on the histological
and histomorphometric structures of the mandibular
condyles of rats.
Previous study5, investigated the possible effects of an
ELF-MF on the geometric and biomechanical properties
of the bones in a rat model and found a significant
decrease in the cross-sectional area of the femoral shaft
of rats exposed to a 100-μT MF, as compared to the
sham-treatment group and rats exposed to a 500-μT MF.
The maximum load was increased in rats exposed to
MFs of 100 and 500 μT as compared to that of the sham
rats. The cortical thicknesses of the femurs of MFexposed rats (100 and 500 μT) were significantly
decreased as compared to those of rats in the shamtreatment group.14 In the present study, the diameters of
cells in the hypertrophic layers of rats in the ELF-MF
group were significantly increased along with
irregularities of the bone marrow and increased
calcification and ossification.

Figure 5. The thickness of the hypertrophic layer (µm). There
was no significant difference in hypertrophic layer thickness
between groups.

Conclusions

Discussion

Long-term exposure to an ELF-MF can cause
histopathological changes in the mandibular condyle
structure of rats. However, these findings should be
supported by hormonal, epidemiological, and mineral
density studies.

Recently, the number of studies on the biological effects
of MFs has increased because of the increased use of
electronic technologies, high-voltage power transmission,
and magnetic resonance imaging methods.7,8 Some
studies have reported that an MF may affect the
behavior of osteoblast-like cells, stimulate the early
stages of osteoblast maturation in culture, accelerate the
cellular proliferation of osteoblasts, and stimulate an
increase in total bone mineral content.9,10
Previous studies provided no clear biological implications
of MFs on human health. Several studies have shown
positive effects of MFs on bone fractures, osteoporosis,
and pseudoarthrosis.11 Some authors are convinced that
EFs ave an impact on the healing of bones, tissue repair,
and other body functions.12,13 However, the majority of
studies failed to explain the effects of ELF-MFs on
human health. Meanwhile, other studies have shown
that an ELF-MF can activate bone formation and
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