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Magnetic fields of 10mT and 120mT change cell shape and structure
of F-actins of periodontal ligament cells
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Abstract

Dental magnetic attachments, usually applied locally to oral cavities, produce stray fields (flux leakage) spreading in adjacent tissues. It has
been found that human periodontal ligament (PDL) cells change their geometry and the structure of their cytoskeleton F-actins when the cell
cultures are exposed to B-field strengths of B = 10mT and 120mT, respectively, which are similar to those generated by dental magnetic
attachments. Analytically, after long-time exposures to B-fields for 12h, 36h and 60h, respectively, cytoskeleton F-actins are labeled with a
fluorescent dye and observed under a laser scanning confocal microscope. The geometrical cell parameters of cell length and cell width and the
fluorescence emission of labeled F-actins, respectively, were determined and subjected to an automatic image analysis using a special software.
The results on cell shrinkage and filament reorganizations were statistically analyzed by the program ANOVA (P b 0.05). It was found that only
long-time (hours) exposure to high fields in the order of 0.1T may produce tissue irritations during long-time medical treatments using open- and
closed-field dental magnetic attachments.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

There is appreciable continuous public concern on potential
health hazards from technical electromagnetic field (EMF)
radiations experienced in daily life of our civilization. The
targets of concern are the high voltage power transmission lines,
industrial machines, household appliances, communication
equipments and medical electromagnetic instruments, including
NMR devices, in the diagnosis and during treatment of diseases
[1–4].

Specifically, magnetic fields are also used in clinical
prosthodontics. Several types of dental magnetic attachments
have been applied to aid the retention of prosthesis with
claimed “favorable effects” [5]. Dental magnetic attachments
utilize the static magnetic field generated by strong permanent
magnets to aid the retention and stability of dentures. Early
magnetic attachments are of the open-field type and have
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relatively small retentive forces. The most frequently used
magnetic attachments are of the closed-field type, which are
composed of Nd2Fe14B magnets with “yokes and keepers” of
soft magnetic alloy.

In 1979, Wertheimer and Leeper reported that children
resided near transmission lines had 2 to 3 times higher risk of
cancer occurrences [6]. Their report revived appreciable
attentions on potential biological effects of even small magnetic
fields and small exposure time. There are many reports and
claims on beneficial effects as well as negative EMF effects on
all kinds of biological materials [7–10]. Many of the claims of
biological effects of magnetic B-fields are hardly biophysically
rationalizable and are thus controversially discussed [11–25].

In the context of medical B-field treatments, both the
open-field and the closed-field dental magnetic attachments
produce stray fields, called flux leakages, spreading to the
adjacent tissues, for instance, when locally used in the oral
cavity [5,26].

Presently there are few reports about the biological effects of
B-fields generated by magnetic attachments on human tissues
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and, in vitro, on cell cultures. We previously reported that B-
fields, similar in intensity to those generated by dental magnetic
attachments, lead to changes in the cell morphology and
proliferation of human periodontal ligament (PDL) cells [27].
These B-fields obviously affect the cytoskeleton filaments,
which are known as key components in maintaining the overall
shape of cells [11,28,29].

The present study reports that B-fields and long exposure
time cause cell shrinkage and structural reorganizations of
the cytoskeleton F-actins in human PDL cells. The applied
fields are comparable to those generated by dental magnetic
attachments.

2. Materials and methods

2.1. Cell culture

Human PDL cells were isolated from the ligament tissues of
a periodontally healthy, non-carious human tooth extracted for
orthodontic reason from one donor (14-year-old male) with
informed consent. The cells were maintained and expanded in
Dulbecco's Modified Eagle's Medium (DMEM, Gibco, Grand
Island, NY, USA) supplemented with 10% fetal bovine serum
(FBS, Hyclone Laboratories, Logan, UT, USA) and antibiotics
(100U ml− 1 penicillin, 100μg ml− 1 streptomycin). PDL cells
were used in these experiments at passage 5 to 6.

2.2. Magnetic exposure

A cellular B-field exposure system utilizing arrays of
Nd2Fe14B permanent magnets has been developed by the
Fig. 1. Sketch map of the structure of the B-field exposure system. 1: array of the pe
shield.
authors. It consists of 5 components: array of permanent
magnets, pedestal, loading platform, vernier scale and magnetic
shield (Fig. 1).

Cell culture dishes were placed on the loading platform
above the magnetic array and cells cultured on the dishes
were exposed the B-fields. The distance between the loading
platform and the array was adjustable. Because the B-fields
around magnets decrease with distance from the surfaces of
the magnets [30], the B-field strength is adjusted via altering
the height of the loading platform. Based on previous
results, obtained with two commonly used commercial
magnetic attachments (Magfit EX600W and Magnedisc
800, Aichi steel Co. Ltd, Japan) [26], the specifications of
B = 10mT and B = 120mT were selected, to simulate the
conditions of the closed-field and the open-field magnetic
attachments, respectively.

Human PDL cells were plated on 60mm culture dishes at a
concentration of 2 × 105 cells/dish and cultured in a CO2

incubator (Model MCO-15AC, Sanyo electric Co. Ltd, Japan)
at 37°C in a humidified 5% CO2 atmosphere. After 3days of
cultivation, PDL cells were exposed to B = 10mT and to B =
120mT, respectively, each for 12h, 36h and 60h, respectively,
12h per day; the exposure system is located in the CO2

incubator. The mode of 12h exposure per day is to simulate the
clinical situation of magnetic attachment denture, which is worn
by patients only during day time. Control cells were cultured
outside of the exposure system in the CO2 incubator at 37°C in a
humidified 5% CO2 atmosphere and were exposed to
geomagnetic fields in the range of 0.03 ≤ B/mT ≤ 0.07, as
measured with a digital Teslameter (Model 7010, F.W.Bell,
USA).
rmanent magnets, 2: pedestal, 3: loading platform, 4: vernier scale, 5: magnetic



Fig. 2. Image analysis of the LSCM photo of human PDL cells. The area
encircled by the red line represents the cross section area of the cell. The white
arrowed line and blue line represent the major axis and minor axis of the cell,
respectively. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)

Fig. 3. LSCM photos of the F-actin cytoskeletons of human PDL cells. 600×. a) Contr
B=10 mT for 12 h, e): after exposure to B=10 mT for 36 h, f) after exposure to 10 m
The cytoskeleton F-actins of PDL cells are represented in green fluorescence and the
colour in this figure legend, the reader is referred to the web version of this article.)
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2.3. Observation of cytoskeleton F-actins and analysis

PDL cells, including the controls, were washed twice
with phosphate buffered saline (PBS), fixed with 40g/L
paraformaldehyde for 20min, then washed with PBS again.
The washed PDL cells were incubated with BODIPY FL
phallacidin (1:50, Molecular Probes Inc., Eugene, OR, USA)
and BOBO-3 (1:800, Molecular Probes Inc., Eugene, OR,
USA) at 37°C for 1h to label F-actin and nucleus,
respectively. After washing with PBS, the labeled cells
were observed with a laser scanning confocal microscope
(LSCM, Model MRC 1024ES, Bio-Rad, UK), using the
laser scanning parameters: power 100W, iris 6.2, gain 1139,
offset 0. The LSCM photos were analyzed by the LSCM
operator with image analysis software (Image-Pro Plus,
Version4.5, Media Cybernetics Inc., Silver Spring, MD,
USA). For each sample, 4 cells with clear outline in the
LSCM photos were selected randomly and automatically
image-analyzed, using the built-in software, calculating the
cross section area Ac of the cell, cell length (defined along
the major axis), the cell width (defined along the minor
axis) (Fig. 2).
ol cells 12 h, b) Control cells 36 h, c) Control cells 60 h, d) cells after exposure to
T for 60 h, g) B=120 mT for 12 h, h) B=120 mT for 36 h, i) B=10 mT for 60 h.
nuclei in red fluorescence, respectively. (For interpretation of the references to



Fig. 4. The length–width ratio r given as a function of exposure time t /h at the given B-field strength and as a function of the B-field, B/mT, at the given exposure
time.
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The green fluorescence density f = (F / Fo) / Ac in terms of
the ratio r of the length L and the width W according to:

r ¼ L=W ð1Þ
was used in the quantification of the B-field effect on
cotoskeleton F-actins. The content of labeled F-actins was
quantified by the area integrated optical density, defined as:

IOD ¼ fAc F=Foð Þ=Ac ð2Þ
where F is the fluorescence emission intensity scaled in terms of
the apparatus settings relative to the reference Fo. Similar to the
Lambert–Beer law of the light attenuation, the fluorescence F is
proportional to the concentration of labeled F-actins for not too
large absorption of the emitted fluorescence light.
2.4. Statistical analysis

The statistical significance of differences was tested by one-
way analysis of variance (ANOVA) followed by the Least-
significant difference (LSD) test. Statistical significance was
established at the P b 0.05 level.

3. Results and discussion

It is recalled that the cytoskeleton elements of eukaryotic
cells include microfilaments, microtubules and intermediate
filaments, among which the microfilaments predominantly
Fig. 5. The IOD given as a function of exposure time t /h at the given B-field s
maintain the normal shape of the cell. Actin is the basic
component of microfilaments. There are two types of actins: F-
actins in filamentous form and G-actins in the free form, in
normal cells they are in reactive dynamic balance [28].

For optical monitoring, we labeled the cytoskeleton F-actins
of human PDL cells, using the fluorescent dye BODIPY FL
phallacidin, which is specifically bound to F-actins. The image
analysis software (Image-Pro Plus, Version4.5, Media Cyber-
netics Inc., Silver Spring, MD, USA) automatically calculates
and scales the length–width ratio r, according to Eq. (1) and
quantifies the fluorescent F-actins according to Eq. (2). The
LSCM photos are shown in Fig. 3.

The cytoskeleton F-actins of control cells were of clearly
visible filamentous configuration and were arranged parallel to
the long axes of cells (Fig. 3a, b and c). After exposure to B =
10mT for 12h, size and shape of the cells were apparently not
changed as compared to those of the control cells. Also, at this
condition of low B-field and short exposure time, the
cytoskeleton F-actins remained clearly visible and orderly
arranged (Fig. 3d). However, at B = 10mT SMF for 36h and
60h, respectively, PDL cells did shrink and the cytoskeleton F-
actins became shorter and disordered compared to the controls
(Fig. 3e and f). The exposure to B = 10mT and the long
exposure time of 60h caused the cells to shrink to an oval shape
and the filament configuration of the F-actins can hardly be
optically discerned (Fig. 3f).

After exposure to 120mT, cell shrinkage, i.e., shortening and
disordering of the structure of the cytoskeleton F-actins is even
trength and as a function of the B-field, B/mT, at the given exposure time.



Table 1
Area Ac of cell cross section (mean±standard deviation, unit: pixel)

Exposure time (h) Control group 10 mT group 120 mT group P-value

12 23052±10938 19304±5455 12615±8269 0.266
36 18397±5851 11239±9070 7523±3767 0.113
60 19316±2977 6941±3607 a 5673±2048 a 0.000
P-value 0.652 0.064 0.222
a Pb0.05, vs control group.

Table 3
Integrated optical density (IOD, mean±standard deviation) of cytoskeleton F-
actins

Exposure
time (h)

Control group 10 mT group 120 mT group P-value

12 1880055±
741192

895295±
561062 a

804371±
178605 a

0.039

36 1300155±
224983

911181±
386399

635167±
351148

0.053

60 1159661±
367843

716858±
373194

621039±
306870

0.122

P-value 0.148 0.798 0.622
a Pb0.05, vs control group.
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more evident (Fig. 3g, h, and i). Under the extreme condition of
120mT for 60h, the configuration of the F-actins within the
shrunken cells was not discernable anymore (Fig. 3i).

These observations suggest that the targets of the B-field
forces are the cytoskeleton F-actins. The B-field induced
structural changes of the filaments obviously precede the
changes of the overall cell shape.

The length–width ratio r and IOD given as a function of
exposure time t / h at the given B-field strength, and, too, as a
function of the B-field, B/mT, at the given exposure time, are
shown in Figs 4 and 5 respectively.

For both the B = 10mT and B = 120mT exposure cells, the
length–width ratio r decreased with the exposure time t/h
increased (Fig. 4), consistent with the concept that amplification
and accumulation effects are the basis of the effects of EMFs
[31]. The IOD did not change much with the exposure time t/h
and B-field B/mT increased (Fig. 5).

Statistical analysis of the image data revealed differences in
the cross section area Ac, concomitant with changes in the r
values and the IOD values, indicative for changes in the content
of the F-actins (Tables 1–3).

Overall, the optical results suggest that the cell shape
changes before the cross section is reduced by shrinkage due to
contraction of the cytoskeleton microfilaments. The IOD values
of F-actins as a function of the B-field intensity and exposure
time are consistent with the concept that it is primarily the
contraction of the F-actin filaments, and not the disassembly of
the F-actins, that are causative for the observed geometrical
changes.

It is reported that in another “in vitro” system with the human
malignant melanoma cells, the exposure to very large B-fields in
the range 0.5≤B /T≤4.7 decreases the ability of cells to remain
adherent to the surface of culture dish. It was suggested that the
Table 2
Length/width ratio, r, of the PDL cells (mean±standard deviation)

Exposure
time (h)

Control group 10 mT group 120 mT group P-value

12 4.5369±
0.7023

2.5030±0.5409a 2.7248±
0.4102a

0.001

36 4.9919±
1.6752

1.7235±0.3725a, b 2.5510±
1.6179a

0.020

60 6.1003±
0.9345

1.6039±0.1294a, b 1.5430±
0.4008a

0.000

P- value 0.211 0.019 0.244
aPb0.05, vs control group; b Pb0.05, vs 12 h group.
reduction in adherence is caused by a field-induced structural
change in the integrin molecules located on the cell surfaces.
This structure is presumed to subsequently affect the transmem-
brane signal transduction, finally leading to a decrease in the
cellular adhesive ability [32]. Here, the shrinkage of the treated
cells to oval forms indicate, too, a reduction in the adhering
ability of cells.

In further conclusion, if our “in vitro” cell data can be
projected on to the B-field treatments of humans, there is a
potential health risk for high B-fields and very long exposure
time for patients exposed to open-field dental magnetic
attachments. On the same line, also closed-field magnetic
attachments should be carefully designed and manufactured to
reduce the stray fields (flux leakage) to minimize adverse
effects.
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