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Electromagnetic irradiation may be a new approach to therapy for peri-implantitis
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a b s t r a c t
Peri-implantitis can lead to bone destruction around a dental implant through inﬂammation and immune
reactions caused by bacteria adhering to the surface of the implant abutment. Electromagnetic irradiation
can inhibit bacterial growth, increase bone formation, decrease bone resorption and reduce the inﬂammatory response. Our hypothesis is that electromagnetic irradiation may be a new treatment approach
for peri-implantitis and may simultaneously maintain bone mass around the dental implant. The results
would be more signiﬁcant when combined with other agents, because the effect of some antibiotics and
anti-inﬂammatory drugs is strengthened by electromagnetic irradiation. This non-invasive therapy is
expected to be conducted in a convenient manner, and even by patients at home, thereby facilitating
the prevention and treatment of peri-implantitis.
Ó 2011 Elsevier Ltd. All rights reserved.

Background

Antibiotic characteristics of electromagnetic irradiation

Dental implants have been employed successfully in the oral
rehabilitation of edentulous patients. However, peri-implantitis is
still the major reason implant failure [1]. Peri-implantitis is associated with a bioﬁlm of oral microorganisms, predominantly anaerobic Gram-negative bacilli, which infect the gingival crevice and
cause gingival inﬂammation.
Host-mediated immune responses to these microorganisms
and gingival inﬂammation lead to the destruction of periimplant tissues. The proinﬂammatory molecules such as interleukin-1 and tumor necrosis factor-alpha, and cytokine networks
play essential roles in this process. Antigen-stimulated lymphocytes (B and T cells) also seem to be important. A ﬁnal cascade
of events leads to osteoclastogenesis and subsequent bone
loss via receptor activator of nuclear factor-kappa B ligand
(RANKL)/RANK/osteoprotegerin (OPG) molecular triad, which is
the critical modulator in bone metabolism [2]. Thus the main
goal of treatment of peri-implant disease is to control infection
and prevent bone loss. However, present non-surgical therapy
was not found to be effective. Minor beneﬁcial effects of laser
therapy on peri-implantitis have been shown, but this approach
needs to be further evaluated [3]. Prevention is still the most
important approach.

As pathogenic bacteria cause a wide range of human infections
and multidrug-resistant bacteria rise rapidly because of the extensive use of antibiotics, many physical means, including electromagnetic irradiation, are investigated for their potential use for
inhibiting bacteria. There is evidence that electromagnetic irradiation of extremely high frequency and low intensity causes antibacterial effects on Escherichia coli and other bacteria [4]. These effects
are dependent on the frequency and intensity of the electromagnetic irradiation, irradiation duration, composition of growth
media, and membrane properties in the bacteria. Although the
underlying mechanism is not clear, the sharp resonance inﬂuence
of extremely high frequency electromagnetic irradiation on bacterial membrane and on genome or DNA and other types of biological
macromolecules, as well as on structure and properties of water, is
likely to be involved. It was suggested that, in bacteria, all or some
of the degrees of freedom of certain biological structures take part
in coherent self sustained oscillations, which are fed with metabolic energy. If an external electromagnetic ﬁeld is applied at the
same frequency, synchronization can take place, resulting in possible macromolecular conformational transitions followed by
changes in cell function. Besides, electromagnetic irradiation can
also reinforce the reciprocal reaction of organisms against the
chemical agents such as inhibitors of bacterial transport systems
and antibiotics that react with cells predominantly via their membranes [5,6]. Although present studies of the bacterial effects of
extremely high frequency electromagnetic ﬁelds are limited to a
few bacteria and the mechanisms need to be further investigated;
electromagnetic irradiation is a promising therapeutic approach to
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preventing bacterial infection, and for a wide range of bone disorders [7].
Effect of electromagnetic irradiation on bone remodeling and
implant osseointegration
Electromagnetic irradiation can enhance differentiation of mesenchymal stem cells responsible for the increase in extracellular
matrix synthesis and bone maturation, and enhanced proliferation
of bone marrow mesenchymal stem cells. Electromagnetic irradiation can also increase mineralization in osteoblast-like cell cultures,
potentially during transcription, cell proliferation and differentiation. Chang found that osteoclastogenesis can be inhibited by electromagnetic stimulation, attributed to a concomitant decrease in
local factor production, including Tumor necrosis factor-alpha
(TNF-alpha), interleukin 1b (IL-1b), and interleukin 6 (IL-6) [8].
Chang also showed how the electromagnetic ﬁeld induced up-regulation of OPG while RANKL mRNA expression was down-regulated,
resulting in an increased OPG/RANKL ratio which is the key axis in
bone remodeling [9]. Researchers have also examined the effect of
applying a pulsed electromagnetic ﬁeld on bone formation around
a dental implant, ﬁnding that bone-healing and peri-implant bone
formation are accelerated under conditions of proper magnetic
intensity, duration per day, and length of treatment [10]. The electromagnetic ﬁeld can decrease inﬂammatory response. Albeit general, the inﬂammation sometimes is a severe threat to the host,
e.g., peri-implantitis is currently implicated as the main reason for
implant failure. Myriad agents and therapies have been carried out
in attempts at preventing or decreasing the inﬂammatory response.
Recently, low-intensity, extremely high-frequency electromagnetic
radiation, showed anti-inﬂammatory effects, which is frequency
and power dependent and which may be enhanced when combined
with other anti-inﬂammatory drugs such as diclofenac [11]. Arachidonic acid metabolites and histamine are likely be involved in the
process. The electromagnetic ﬁeld can increase the content of lipid
messengers in phospholipids of cellular membranes involved in
inﬂammatory and immune reactions, facilitating the realization of
its anti-inﬂammatory effects [12].
Hypothesis
Peri-implantitis can cause bone destruction around the implant
through the inﬂammation and immune reaction caused by bacteria
adhering to the surface of the implant abutment. Electromagnetic
irradiation can inhibit the bacteria, increase bone formation,
decrease bone resorption, and reduce the inﬂammatory response.
Thus, our hypothesis is that the application of electromagnetic irradiation may be a new treatment approach for peri-implantitis and
for maintaining bone mass around the dental implant. The effect
would be more signiﬁcant when combined with other agents, as
the effect of some antibiotic and anti-inﬂammatory drugs is
strengthened with electromagnetic irradiation. Therapeutic efﬁcacy is probably dependent on the intensity, frequency of exposure
and duration of the electromagnetic irradiation.
Evaluation of the hypothesis
This hypothesis is based on the following three points: (1) The
primary etiologic factor of peri-implantitis are pathogenic bacteria,
which may be inhibited by electromagnetic irradiation. (2) Bone
loss around the implant, which will lead to loosening and eventual
failure of the implant, is the hallmark of peri-implantitis. Electromagnetic irradiation can increase bone formation and decrease
bone resorption, resulting in positive bone remodeling. Furthermore, reports have also showed that electromagnetic ﬁelds can
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accelerate osseointegration around the dental implant. (3) Gingival
inﬂammation around the implant is an important step in the
pathology of peri-implantitis as some cytokines that regulate bone
remodeling are released during inﬂammation. Electromagnetic
radiation has signiﬁcant anti-inﬂammatory activity, which can be
enhanced when combined with non-steroidal anti-inﬂammatory
drugs. Apart from the effect mentioned above, the electromagnetic
ﬁeld also inﬂuences other tissue. However, long-term practice and
clinical employment of electromagnetic ﬁeld in the Russian Federation and Eastern European countries has shown that electromagnetic therapy, as a rule, has no side effects and remote adverse
consequences. It is non-invasive, possesses a variety of medical
effects, and augments other methods (medicinal, surgical, physiotherapeutic); strengthening their efﬁcacy, and removing side effects [13]. Although a variety of treatment methods have been
spawned, the dental implant has been, and remains at risk for
peri-implantitis from its inception. More effective and more convenient treatment modalities for peri-implantitis are needed for the
amelioration of this situation in the ﬁeld of implant dentistry.
Because of its effect on key pathological steps of peri-implantitis,
electromagnetic irradiation may be applied as therapy for periimplantitis. The inﬂuence of electromagnetic radiation intensity,
frequency and duration of exposure, are areas for future scientiﬁc
investigation. Electromagnetic ﬁelds can be produced by portable
devices and inﬂuence tissues non-invasively. Future devices for
the treatment of peri-implantitis may be designed for domestic
use, facilitating an acceptance rating by the general public, similar
to that of current preventive devices like dental ﬂoss. Thus,
treatment and prevention of peri-implantitis may be rendered
more feasible, resulting in greater long term success for dental
implants.
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