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Wlkp. 72, 70-111 Szczecin, Poland

* Correspondence: jjo@pum.edu.pl; Tel.: +48-91-466-1690

Abstract: Extremely Low-Frequency Electromagnetic Field (ELF MF) therapy is effective in the
treatment of injury, inflammation and postoperative complications. Its clinical applications relate
to bone unification, pain reduction, soft tissue oedema and the decrease of electric potentials in the
oral cavity. It enhances regeneration of periapical bone lesions. It is obvious that cells (leukocytes,
platelets, keratinocytes, osteoblasts) and proteins (fibrin, collagen, elastin and growth factors) exhibit
alterations when exposed to an Extremely Low-Frequency Electromagnetic Field. The aim of the
study was to evaluate the effect of an Extremely Low-Frequency Electromagnetic Field (ELF MF) on
the parotid gland on the concentration of salivary immunoglobulin A. The study group consisted
of 24 patients, aged 14–16, who underwent ELF MF on the parotid gland region. The control group
comprised 25 matching persons. The IgA concentration in saliva samples was established using
radial immunodiffusion. Following ELF MF, a statistically significant increase in the concentration
of secretory immunoglobulin A was found in the study group, whereas in the control group, no
statistically significant differences were noted. It can be concluded that an Extremely Low-Frequency
Electromagnetic Field increases the activity of the immune system of the parotid gland.

Keywords: Extremely Low-Frequency Electromagnetic Field; immunity; Viofor JPS device; saliva;
IgA; parotid gland; probiotics; postbiotics; paraprobiotics

1. Introduction

Any physical stimulus may affect tissues, systems and the entire human organism,
leading to reduced inflammation, improved circulation, enhanced immunity and decreased
or increased excitability of nerves. The influence observed improves the effects of treatment
as well as accelerates regeneration of affected tissues and their recovery to physiological
efficiency. Moreover, the analgesic effects in the area under treatment, as well as the
degenerative effects of pathological tissues, are incredibly significant [1].

Extremely Low-Frequency Electromagnetic Field therapy is effective in the treatment
of injury, inflammation and postoperative complications [2,3]. Its most effective clinical
applications relate to bone unification, pain reduction [4], soft tissue oedema [3] and a
decrease of electric potentials in the oral cavity [5]. It enhances regeneration of periapical
bone lesions [6,7]. It is obvious that cells (leukocytes, platelets, keratinocytes, osteoblasts)
and proteins (fibrin, collagen, elastin and growth factors) exhibit alterations when exposed
to an Extremely Low-Frequency Electromagnetic Field [2,7,8]. However, no influence of
low frequency magnetic fields on the content of salivary minerals has been found [9].

Extremely low-frequency magnetic field (ELF-MF) therapy is based on the application
of a weak, slow-alternating electromagnetic field. The frequency of the basic waveform
ranges from a few to 3000 Hz. Magnetic flux density is 1 pT–15 µT [10]. The alternat-
ing electromagnetic field exerts an analgesic effect on the human body, by increasing
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the secretion of endogenous opiates from the β-endorphin group. This action can be at-
tributed to the modulation of neuronal activity as well as the secretion of melatonin by
the pineal gland [11]. Apart from the direct effect on the opioid system, the alternating
electromagnetic field has an indirect anti-inflammatory effect. Another very important
therapeutic effect that can be achieved with the use of the fields is the anti-swelling effect,
which is especially appreciated in the treatment of post-surgical complications. The most
noteworthy advantage of the alternating magnetic field in the therapeutic process is in-
creasing blood flow in arterial vessels and capillaries, stimulating oxygen utilization and
cellular respiration. Other significant aspects include its impact on wound healing and
beneficial effects of tissue regeneration following mechanical or thermal damage and other
states of interruption of tissue continuity [12,13]. In addition, it should be emphasized
that the abovementioned analgesic, anti-inflammatory and regenerative effects are some
of the main objectives pursued by the therapist in the treatment following dental and
surgical procedures [14].

The salivary immunoglobulin A is a specific immune factor produced by plasma cells
derived from B lymphocytes localized in the vicinity of secretory epithelia. It constitutes
about 5–15% of total salivary proteins. In contrast to this in serum, salivary IgA does
not function as an opsonizing agent, since normally, neither cytotoxic T cells nor the
complement system are present in saliva. Thus, the main function of salivary IgA is the
inhibition of bacterial adherence and colonization by blocking surface structures involved
in binding [15].

Higher concentrations of salivary IgA have been found in dental caries-resistant pa-
tients. It has been found that chewing gum increases the salivary flow rate, but it decreases
IgA concentration [16]. Prolonged exercising, on the other hand, causes a significant
increase of salivary IgA concentration with an unchanged IgA secretion rate and a signifi-
cantly decreased salivary flow rate [17,18]. Some taste stimuli have been shown to increase
salivary IgA concentration stimulation, with, for example, capsaicin significantly increasing
the rate of saliva secretion and the amount of IgA secreted per minute [19].

No studies have been found concerning the influence of a low-frequency magnetic
field on the IgA concentration in saliva.

The aim of the present study was to assess if local Extremely Low-Frequency Elec-
tromagnetic Field therapy interventions used for the treatment of periodontal periapical
lesions have any influence on the concentration of salivary immunoglobulin A.

2. Materials and Methods

The study complied with ethical standards, and all participants and their guardians
signed a written informed consent form and were informed about the technique and course
of the research. Participants in the study did not receive any financial incentive and could
withdraw from the study at any time. All the patients and their parents gave their written
consent for saliva sampling and analysis. The principles outlined in the Declaration of
Helsinki were carefully followed. The study included 49 patients aged 14–16 years referred
for treatment of osteolytic periapical lesions of teeth. The same proper endodontic treatment
was applied in both groups. The study group comprised 24 patients. The control group
comprised 25 patients. In the study group, an Extremely Low-Frequency Electromagnetic
Field was additionally used in the treatment. No Electromagnetic Field was applied in
the control group. Study participants met the following inclusion criteria: general good
health, lack of preexisting medical conditions, no bleeding, no generalized inflammation in
the body and no medication that would affect their eligibility for treatment. We excluded
patients on regular drug therapy and those with mental illness, coagulopathy, diabetes
and chronic infections. None of the subjects were addicted to nicotine, alcohol or illegal
drugs. Physiotherapy was carried out using a VIOFOR JPS device (Med & Life, Komorów,
Poland). The magnetic fields of magnetostimulation generated Viofor JPS system have
a pulsed character with a complex pulse shape and signal structure of signals giving a
multi-spectrum frequencies. The fundamental frequencies of the waveform were in the
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range of 180–195 Hz. The pulse parcel frequencies were between 12.5 and 29 Hz, parcel
groups were 2.8–7.6 Hz and series were 0.08–0.3 Hz. The magnetic field induction for
the Viofor JPS device was 50–1200 µT. The amplitude of the current flowing through the
applicator coils for the intensity level was 1.5–2.0 A. There is a choice of 3 methods, M1–3;
three programs, P1–3, programmed by the manufacturer, and an intensity range from
0.5–12. In the study group, the M1 method, P3 program and intensity of 6 were selected
from the Viofor JPS device. Treatments with an ELF EMF were each time provided with
elliptical R applicators, used topically, generating a uniform field (Figure 1).
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Figure 1. ELF EMF treatment with the use of an elliptical R applicator.

Treatment was carried out once a day, for 10 min, five days a week (excluding Satur-
days and Sundays) for 15 days. The elliptic R applicator utilizing an ELF EMF and ionic
cyclotron resonance was set in the area of the parotid gland. Cyclotron resonance involves
the repeated transfer of energy by an alternating electric field to particles circulating in
a magnetic field that are only those whose frequency of circulation is the same as the
frequency of the stimulating field. The applicator dimensions were 9.5 cm × 7.5 cm × 2 cm.
The application surface was. approx. 20 cm2 (circle of approx. 5 cm diameter). The value
of the magnetic field induction B [µT] for the R elliptical applicator at the intensity of
6 was 600 µT.

The M1 method is recommended for the treatment of chronic conditions. Method M1
means that the intensity level remains constant for the entire duration of the program. Only
the direction of the field polarization changes, factory set with the programmed time for
this program. The application time was set to 10 min.

The P3 program is recommended by the manufacturer in case of the need to obtain
quick effects or in a patient with a low sensitivity to the magnetic field. For the P3 program,
the cycle of changes had the following course: 3 min of positive polarization, 3 min of
negative polarization, 2 min of positive polarization and 2 min negative polarization of
the electromagnetic field (Figure 2). For the R elliptical applicator in program P3 with an
intensity of I = 6, the parameters were as follows: the average power in the pulse was
40.3 mW, the power density in the pulse was 10.7 mW/cm2, energy delivered during the
treatment was 24.2 J and energy density was 1.23 J/cm2.
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Figure 2. Scheme of the application of the ELF EMF of the M1 method and P3 program.

Non-stimulated mixed saliva (6 mL) was sampled in a single-use plastic container
once a week in every patient included in the study, in a fasting state or at least two hours
after a solid or liquid meal, after prior mouth rinsing with water at room temperature. The
sampling was conducted in a separate room and a comfortable sitting position. In the study
group, saliva sampling was carried out before magnetic stimulation and after the 5th, 10th
and 15th ELF EMF interventions. Patients from the control group had saliva sampled three
times before routine visits for dental treatment.

The immunoglobulin A concentration was measured by means of radial immunodif-
fusion using BINDARID sets (The Binding Site, Birmingham, UK).

Data normality was verified using a Shapiro-Wilk test. The Wilcoxon’s matched pairs
rank and Student t-test were used to compare the data obtained. The significance level of
p < 0.05 was used as reference for all comparisons.

3. Results

The IgA concentrations in the study group before thee Extremely Low-Frequency
Electromagnetic Field therapy and after 5, 10 and 15 interventions are presented in Table 1.

A gradual increase in the content of salivary IgA was apparent. The values of
the immunoglobulin A concentration (mg/mL) in the saliva of patients using metal
prosthetic restorations before the treatments with the Viofor JPS system ranged from
62.5 to 159.0 mg/mL (me = 100.2 mg/mL); after 5 treatments, it ranged from from 85.0 to
159.8 mg/mL (me = 127.2 mg/mL); after 10 treatments, it ranged from 99.0 to 170.2 mg/mL
(me = 137.4 mg/mL) and after 15 treatments, it ranged from 122.7 to 190.0 mg/mL
(me = 156.1 mg/mL). Highly statistically significant differences (p < 0.001) were obtained
for values before treatments and values after 10 and 15 treatments and between values after
5 and 15 treatments. Between the other three comparisons, the differences were highly sta-
tistically significant (p < 0.004). The IgA concentrations in the control group are presented
in Table 2.

Table 1. Characteristics of the concentration of immunoglobulin A [mg/mL] in saliva before and
after Extremely Low-Frequency Electromagnetic Field therapy in the study group.

Distribution
Characteristics

Before the
Treatment

After 5
Treatments

After 10
Treatments

After 15
Treatments

n 24 24 24 24

min–max 62.5–159.0 85.0–159.8 99.0–170.2 122.7–190.0

Q1–Q3 85.6–142.1 108.3–150.6 121.9–156.2 135.5–160.6

me 100.2 127.2 137.4 156.1

M ± SD 111.2 ± 31.6 127.9 ± 23.8 137.6 ± 19.5 151.3 ± 17.4
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Table 1. Cont.

Distribution
Characteristics

Before the
Treatment

After 5
Treatments

After 10
Treatments

After 15
Treatments

W 0.911 0.921 0.951 0.939

p <0.04 >0.06 >0.28 >0.16

Wilcoxon Test
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Table 2. Characteristics of the concentration of immunoglobulin A [mg/mL] in saliva in the subse-
quent examinations of the control group.

Distribution
Characteristics 1st Examination 2nd Examination 3rd Examination

n 25 25 25

min–max 72.5–170.2 67.8–165.3 70.3–160.8

Q1–Q3 97.7–129.3 97.8–130.8 97.4–130.5

me 120.3 115.3 120.3

M ± SD 116.2 ± 27.2 116.5 ± 29.0 117.3 ± 27.0

W 0.959 0.954 0.955

p >0.41 >0.31 >0.33

Student’s t-test
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Distribution 

Characteristics 

1st Examination 2nd Examination 3rd Examination 

n 25 25 25 

min–max 72.5–170.2 67.8–165.3 70.3–160.8 

Q1–Q3 97.7–129.3 97.8–130.8 97.4–130.5 

me 120.3 115.3 120.3 

M ± SD 116.2 ± 27.2 116.5 ± 29.0 117.3 ± 27.0 

W 0.959 0.954 0.955 
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p > 0.85 

n—minimum value, max—maximum value, Q1—first quartile, Q3—third quartile, me—median, M—arithmetic
average, SD—standard deviation, W—Shapiro–Wilk Test, p—significance level.

In these patients, no statistically significant changes were found in the immunoglobulin
A concentration.

Figure 3 shows that the mean values of the concentration of immunoglobulin A
(mg/mL) in the saliva of the patients of the study group were characterized by a statistically
significant upward trend of 36.1% between the values before and after the 15th treatment.
However, in the control group, the mean values of the concentration of immunoglobulin A
slightly increased (0.9%) between the first and third examinations. A characteristic feature
was that the mean values of the three control group examinations were very similar and
slightly higher than the mean value of the first examination of the study group patients
who underwent ELF MF treatment.
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Figure 3. The mean values of the concentration of immunoglobulin A (mg/mL) in the saliva of
patients from the study group (Table 1) and the control group (Table 2).

4. Discussion

A standard level of immunoglobulin A in saliva is in question, since the concentration
varies in relation to the origin of saliva, method of collection and stimulation of secretion.
In order to facilitate diagnoses, Chang et al. [20] determined the efficacy of commercial oral
fluid collection devices for their ability to recover three human immunoglobulin isotypes:
immunoglobulin A (IgA), IgG and IgM. The sandwich enzyme-linked immunosorbent
assay was used to determine the antibody. For all isotypes tested, the amount of antibody
recovered from the device was dependent on the initial seeding concentration. Collectively,
these data suggest that the product used for specimen collection can affect the retrieval of
antibodies and potentially confound patient diagnosis.

In the present study, a significant span between the maximum and minimum values,
as well as between the upper and lower quartiles was noted before ELF EMF therapy, both
in the study and in the control group, indicating great individual variability. Therefore,
we used pretreatment values as references. In the present study, after 15 interventions, an
increase in the concentration of immunoglobulin A and a narrowness of the range between
the maximum and minimum values, as well as of the upper and lower quartiles, was
found. It could be suggested that a maximum secretion and concentration of less individual
variability might have been reached after 15 interventions in most subjects.

This may result in their increased transport across cell membranes, affecting tissues
and their components, like collagen, dentin, keratin, and other proteins. The effects of
electromagnetic fields have also been demonstrated in the spinal cord, adrenal cortex,
sex hormones, DNA and inner layers of cell membranes [21,22]. Their action influences
the permeability of biological barriers. Analgesic effects of the electromagnetic field have
been demonstrated by many researchers. The stimulation of immunological processes has
also been shown [23–25]. The secretory immunoglogulin A (IgA) system is the principal
arm of the immune response that protects the upper respiratory and enteric tracts from
reinfection by pathogenic organisms, to which a specific immune response has already
been elicited. This IgA response involves the local production of IgA by plasma cells in
mucosal sites followed by its transport onto mucosal surfaces or into glandular secretions,
such as saliva, bile and tears, via the polymeric immunoglobulin receptor (pIgR) [26].
Thus, an impaired IgA response could increase the risk of developing respiratory or
enteric infections. Increased levels of total IgA but reduced levels of anti-Actinomycetes
actinomycetemcomitans in whole saliva have been found in patients with periodontitis [27].
A significantly lower concentration of salivary IgA has been found in passively smoking
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children [28]. In the present study, the mean concentration of immunoglobulin A in saliva
in the study group before ELF MF therapy interventions was slightly lower than that of the
control group, which might confirm the presence of an inflammatory process. Higher values
of salivary IgA were found in patients with Sjögren’s syndrome, reflecting autoimmune
inflammation of the salivary glands [29]. Therefore, it seems that ELF MF as a method of
treatment should be contraindicated in patients with autoimmune inflammation diseases.

Oral infections are an important problem in dentistry. This is in addition to cariogenic
bacteria resulting in dental caries [30,31]. In susceptible patients, periodontal tissues can be
exposed by pathogenic bacteria leading to periodontitis [32]. Therefore, various methods
have been sought to counteract bacterial colonization in the oral cavity [33]. Among the
proposed supportive methods, probiotics, postbiotics and paraprobiotics are often rec-
ommended. Probiotics represent a breakthrough in the treatment of oral inflammation.
Unlike antibiotics, they do not produce adverse effects [34,35]. So far, probiotics of the
genus Lactobacillus, administered in the form of pastilles, have been mainly used as an
adjunct to periodontal treatment in periodontitis. Currently, probiotic preparations are
introduced in the form of toothpastes as well as chewing gums. In addition, toothpastes
contain probiotics of the genus Bifidobacterium, which, to date, have still been poorly stud-
ied [36]. In vitro and in vivo studies have shown that some postbiotics and paraprobiotics
exhibit bioactive properties such as anti-inflammatory, immunomodulatory, antiprolifera-
tive, antioxidant and antibacterial activities. Thus, they may be health-promoting agents in
observed clinical trials in humans [37]. Probiotics provide major health benefits by mod-
ulating the gastrointestinal microbiome. However, there are limitations, such as viability
control. This hinders their full potential use in the food and pharmaceutical industries.
Therefore, live probiotic bacteria are gradually being replaced by non-viable paraprobiotics
and/or probiotic-derived biomolecules, so-called postbiotics [38]. Despite the scientific
evidence, their mechanisms of action remain to be elucidated. Further research in various
fields should be continued to better understand the relationship between their use and oral
clinical conditions.

5. Conclusions

Extremely Low-Frequency Electromagnetic Field therapy increases the activity of the
secretion of IgA imnunoglobulin from the parotid gland. Further studies involving a larger
number of patients and a longer follow-up time are needed.
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