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Introduction. Pain is a natural response of the body to injury and one of the symptoms defining an inflammatory reaction. It is
almost always present after orthognathic surgeries (OGS), but its severity is subjective in each patient. Postoperative care of the
patient is aimed at minimizing of postoperative pain relief orofacial region. Options of physiotherapy include extremely low-
frequency electromagnetic field (ELF EMF) and high-energy light-emitting diode (LED). Aim of the Study. The aim of this study
was to evaluate the effects of physiotherapy combining ELF EMF and LED to reduce pain of the orofacial region in patients after
OGS. Material and Methods. The study was conducted in thirty-two patients who underwent OGS to treat morphological defects.
The participants were randomly divided into two groups: Physiotherapy group (PT) and Control group (CG). In both groups,
patients were prescribed Paracetamol and nonsteroidal analgesics (NSAID—ibuprofen). Patients from the PT group additionally
received postoperative physiotherapy immediately after leaving the surgical clinic in the form of ELF EMF and LED therapy.
Physiotherapeutic treatments were performed for 10 days, three applications a day, at no cost to the patient. Pain intensity was
assessed using the visual analogue scale (VAS), which is a reliable instrument for the measurement of pain intensity self-reported
by the patient. Results. Faster reduction of pain was the major observation made in patients who received physiotherapy
treatments. In all subjects, after 5 days of therapy, the pain intensity was reduced by about 50% or resolved completely. Effects of
therapy were measured with the relative changes in the pain intensity score, showing what fraction of the initial pain was
eliminated at the first stage and throughout the whole therapy. The analysis of relative changes instead of absolute changes allowed
us, among other things, to eliminate the bias of the higher initial pain intensity in the CG group compared to the PT group.
Conclusions. The conducted research revealed that the combined use of ELF EMF and LED is beneficial in the reduction of pain of
patients after OGS. The analgesic effects of physiotherapy in the treatment after OGS are necessary to continue research in this area
and analyze the possibility of extending the indications for its use in other surgically treated maxillofacial diseases.

1. Introduction

The correction of orthognathic deformities requires interdis-
ciplinary orthodontic, surgical, and rehabilitation treatment.
The preoperative orthodontic preparatory procedure is aimed at
aligning the dental arches and lasts for 6 to 24 months,
depending on the type and degree of the deformity. It involves
the repositioning of teeth, regardless of their occlusal relations to

the opposing arch, which leads to the decompensation and
aggravation of the existing defect. This procedure enables the
proper fusion of osteotomized fragments and correction of
malocclusion during surgery. The surgical techniques that have
evolved over recent decades now allow for almost any type of
repositioning within the facial bone structure. Orthognathic
surgeries (OGS) may concern a single jaw, either maxilla (Le
Fort I type osteotomy) or mandible (bilateral sagittal split
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osteotomy—BSSO), or both jaws, when both techniques are
combined during one procedure [1, 2]. OGS is frequently used
to correct skeletal classes IT and III deformities, dentofacial
maxillary deformities, mandibular laterognathism, and maxil-
lofacial asymmetry [3, 4]. Each year 234.2 million major sur-
geries are carried out worldwide [5]. As with any other surgical
procedure, various intraoperative and postoperative compli-
cations may occur in patients undergoing OGS. Most patients
experience mild to severe pain. Postoperative pain management
is very important to reduce the stress caused by the onset of
pain, to prevent instability of the circulatory system [6], to
restore normal respiratory function, and to ensure fast recovery
[7]. Postoperative pain is usually controlled with opioids, which
are popular in the United States [8]. Major surgeries are as-
sociated with the risk of many early and late complications.
Early complications, developing within the first 24 hours
postoperatively, include orofacial pain, bleeding, ventilation
disorders, soft tissue oedema, inflammatory reactions, infec-
tions, nausea, and vomiting. Late complications may occur at
different times after surgery and include the recurrence of the
defect, unfavourable nasolabial aesthetics, nasal septum de-
formity, temporomandibular joint dysfunction, idiopathic
condylar atrophy, oral or vestibulo-nasal fistulas, osteonecrosis,
and neurological disorders [9].

Postoperative care of the patient is aimed at minimizing the
risk of complications and treatment of existing ones. Directly
after the surgery it includes the monitoring of basic vital pa-
rameters, preventing the development of infection, reducing
pain and oedema, maintaining the proper nutritional status and
hydration of the patient, and psychological support. Pharma-
cotherapy relies on antibiotics and analgesics, usually nonste-
roidal and steroidal anti-inflammatory drugs [10-12].
Stimulating treatment includes cold compresses to reduce pain
and oedema. Pain is almost always present after OGS, but its
severity is subjective in each patient. Incidentally, the lack of, or
only minor, pain within the lower facial region may indicate
functional disorders of the inferior alveolar nerve [13, 14].

In all diseases and complications of the stomatognathic
system, regardless of the severity of pain, its control is among
the major tasks in care of the patient. The physical and
mental comfort of patients can be restored with physio-
therapy and devices with extremely low-frequency electro-
magnetic field (ELF EMF) and light-emitting diode (LED) or
low level laser therapy (LLLT) [15]. This fact inspired the
authors to undertake research on the use of physiotherapy in
patients after OGS in order to reduce pain of the orofacial
region [16, 17].

2. Objective

The aim of this study was to evaluate the effects of phys-
iotherapy combining ELF EMF and LED to reduce pain of
the orofacial region in patients after OGS.

3. Materials and Methods

3.1. Patients. The study was conducted in thirty-two patients
of both genders (26 female and 6 male), aged 19-24 years
(mean 21.2, SD 1.44), who underwent OGS on between
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October 2015 and June 2017. All subjects qualified for the
study underwent the same surgery—BSSO. The participants
were randomly divided into two groups. In the PT group (16
patients—14 female and 2 male), mean age was 20.9, SD 1.26
years. In the control group CG (16 patients - 12 females and
4 males), mean age was 21.4, SD 1.59 years. In both groups,
patients were prescribed Paracetamol and nonsteroidal
analgesics (NSAID—ibuprofen). Paracetamol was used
1000 mg daily in doses four times a day, while Ibuprofen
400 mg three times a day. Patients from the PT group re-
ceived postoperative physiotherapy immediately after their
discharge from the surgical clinic (day 2 after surgery).
Patients from the control group CG did not receive phys-
iotherapy but only did receive analgesics. Pain severity was
assessed using the visual analogue scale (VAS), which is a
reliable instrument for the measurement of pain intensity
self-reported by the patient. Pain intensity was measured on
days 1, 5, and 10 after the beginning of therapy.

Study participants met the following inclusion criteria:
general good health, lack of pre-existing medical conditions,
and no medication that would affect their eligibility for
surgery or compromise wound healing after surgery. Each
patient was operated on by the same maxillofacial surgeon,
who used the same surgical technique on both sides of the
mandible to minimize differences in the functional per-
formance of the oral tissues. We excluded patients on regular
drug therapy, and those with mental illness, coagulopathy,
diabetes, and chronic infections. None of the subjects was
addicted to nicotine, alcohol, or illegal drugs.

The study registered on clinicaltrials.gov carries the
number KB-0012/149/15. The study complied with ethical
standards, and all participants 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.

3.2. Devices and Parameters of Therapy. Physiotherapy was
carried out using a VIOFOR JPS device (Med & Life-
Poland) that produced the ELF EMF by the method M2,
programme P3, and intensity 6. This means that the fre-
quency was within the range of 180-195Hz for the basic
impulse, 12.5Hz-29 Hz for impulse packets, 2.8-7.6 Hz for
groups of packets, and 0.08-0.3 Hz for the series. The in-
tensity of ELF EMF was set at 6, meaning the successful
induction of an electromagnetic field equal to 15uT.
Treatments with ELF EMF were each time provided with a
ring applicator fitted onto the patient’s head and generating
a uniform field, and elliptic applicators used topically
(Figures 1(a) and 1(b)).

Patients after OGS, in the PT group, were treated with
physiotherapy combining ELF EMF and LED therapy.
Treatments with LED (Figure 2) were done with a device set
at the M1P3 programme, which ensures constant application
of the selected light intensity, and uses the highest values of
ion cyclotron resonance, stimulated inside the cells. Patients
received physiotherapy once a day, and this consisted of
three above-described treatments for a period of 10 days.
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FIGURE 1: (a) and (b). Treatments with an ELF EMF, ring applicator, and elliptic applicators.

FIGURE 2: Applicators generating an extremely ELF EMF and light energy (830nm and 640 nm) emitted from the LEDs during the

physiotherapy treatment.

4. Results

Faster reduction of pain was the major observation made in
patients who received physiotherapy treatments. In most
cases, after the first day of physiotherapy, patients dis-
continued medication with analgesics. It should be noted
that in the group receiving physiotherapy only, one patient
reported pain score 10 on the VAS scale immediately after
OGS. This patient also discontinued pain-controlling
medication after the first day of physiotherapy. Measured
intensities of pain on days 1, 5, and 10 are marked VAS;,

VASs, and VAS,, respectively. Descriptive statistics for the
group receiving physiotherapy (PT) and the control group
(CG) are presented in Table 1. Distribution of variables is
presented in Figure 3.

4.1. Analysis of Effects of Physiotherapy (PT) and Pharma-
cotherapy (CG). Because of the zero value and lack of
variability in the measurement of VAS,, in the PT group, the
reduction of pain intensity after physiotherapy treatments
was analyzed by testing the statistical significance of mean
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TaBLE 1: Descriptive statistics for pain intensity.
Variable Min Max Mean + SD
PT group
VAS, 4 10 7.125 +1.500
VAS; 0 5 2.875+1.147
VAS 0 0 0+0.000
CG group
VAS, 6 10 8.062 £ 1.237
VASs 4 8 4.812+1.424
VAS;, 0 4 1.938 +1.289
PT group CG group
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FIGURE 3: Reduction in pain intensity after physiotherapy treatments with ELF EMF and LED (PT group vs CG group).

variables VAS; and VASs and the statistical significance of
differences between these means. Results from statistical
tests are presented in Table 2.

The study demonstrated reduction in pain intensity after
physiotherapy at both stages of therapy (days 1-5, 5-10) and
for the whole therapy (days 1-10).

In the CG group (only pharmacotherapy), the reduction
of pain intensity was analyzed with repeated measures
ANOVA. Measurements did not differ significantly from
normal distribution (Shapiro-Wilk test, p > 0.05 for all three
VAS measurements), and there were no significant differ-
ences in the variance of measurements (Levene test,
p>0.05).

The study demonstrated reduced pain intensity in the
CG. The post hoc analysis of variance (Tukey HSD test)
revealed significant differences between all measurements
(Table 3).

4.2. Comparison of Effects of Physiotherapy (PT) and Phar-
macotherapy (CG). Effects of therapy were measured with
the relative changes in the pain intensity score, showing what
fraction of the initial pain was eliminated at the first stage
and throughout the whole therapy. The analysis of relative

changes instead of absolute changes allowed us, among other
things, to eliminate the bias of the higher initial pain in-
tensity in the CG group compared to the PT group.

VAS; - VAS
Change, = 7\57AS L
1
VAS,, - VAS W
Change, , = %
1

The adopted variables showed significantly different
variances in both groups, so the mean values of variables
were compared with the Welch ¢-test. Results are presented
in Table 4.

The study demonstrated that physiotherapy (PT) pro-
vided significantly better outcomes compared to pharma-
cotherapy in the (CG). This advantage was achieved as early
as at the first stage, so physiotherapy reduced pain-related
complaints. The distribution of relative changes in pain
intensity is presented in Figure 4.

5. Discussion

Pain is one of the symptoms defining inflammatory reaction
and also the major symptom for which most patients seek
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TaBLE 2: Significance of mean differences in pain intensity for the PT group.
Variable Mean 95% CI p
PT group
VAS, 7.125 19.0 (6.326, 7.924) <0.001
VASs 2.875 10.0 (2.264, 3.486) <0.001
VAS,-VASs 4.25 13.2 (3.562, 4.938) <0.001
TaBLE 3: Results of Tukey HSD test for the CG group.
Difference Mean 95% CI p
CG group
VAS,-VAS,, 6.125 (4.995, 7.255) <0.001
VASs-VAS,, 2.875 (1.745, 4.005) <0.001
VAS, VASs 3.250 (2.120, 4.380) <0.001
TaBLE 4: Significance of differences in mean changes in pain intensity between groups.
Variable Mean PT Mean CG t 95% CI for difference P
Change, -0.597 -0.411 -4.2 (-0.278, -0.094) <0.001
Change, , -1.000 -0.769 -6.8 (-0.304, -0.158) <0.001
PT group CG group
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FIGURE 4: Distribution of relative changes in pain intensity in the PT and CG (lower = greater pain relief).

medical advice [18]. Pain is almost always present after OGS,
but its severity is subjective in each patient. Regardless of the
severity of pain, its control is among the major tasks in the
postoperative care of the patient.

In own research it was proved that reduction of pain was the
major observation made in patients who received physiotherapy
treatments. The study demonstrated that physiotherapy-PT
group provided significantly better outcomes compared to
pharmacotherapy in the CG group. This advantage was
achieved as early as at the first stage, so physiotherapy reduced
pain-related complaints. Effects of therapy were measured with
the relative changes in the pain intensity score, showing what
fraction of the initial pain was eliminated at the first stage and

throughout the whole therapy. The analysis of relative changes
instead of absolute changes allowed us, among other things, to
eliminate the bias of the higher initial pain intensity in the CG
group compared to the PT group.

The limitations of this study concerned a small research
group and the inability to divide into male and female
subgroups, which would undoubtedly extend the statistical
analysis and increase the value of the research. It should be
noted that the manuscript presents the research group de-
scribed as a preliminary report, and the research is
continuing.

The analgesic and anti-inflammatory effects of ELF EMF
have been well documented. Thomas applied that ELF EMF



in the treatment of chronic musculoskeletal pain and proved
its analgesic effect [19]. Arneja et al. used ELF EMF in the
treatment of chronic lower back pain in patients with de-
generative disc disease. His pilot study suggests that the ELF
EMF treatment protocol is clinically relevant and can be
used as a safe and effective method [20]. Pall concluded that
the direct effect of ELF EMF is achieved via the activation of
calcium channels, transmembrane transport of ions, and
increased the activity of enzymes [21]. The analgesic effect of
ELF EMF is mainly due to the increased secretion of en-
dogenous opioid neuropeptides from the class of ff-endor-
phins, responsible for elevated pain threshold. Regenerative
effects primarily come from the intensified use of oxygen
and tissue respiration associated with increased diffusion
and oxygen uptake by haemoglobin and cytochromes. In-
creased oxygen uptake stimulates tissue respiration and
DNA synthesis and accelerates the mitotic cycle. The anti-
inflammatory effect is associated with the stimulation of
c-AMP and prostaglandin E synthesis, which affects the
accumulation of c-AMP, and reduces the secretion of in-
flammatory mediators from neutrophils, basophils, mast
cells, and lymphocytes. Iannitti conducted a clinical study in
elderly people using ELF EMF and reported significant
benefit in terms of reduced pain and stiffness of joints and
improved physical function [22]. Nelson concluded that
noninvasive ELF EMF therapy causes rapid and significant
pain reduction in the early stage of knee osteoarthritis [23].

Physiotherapy with ELF EMF and LED used in own re-
search is an innovative method that relies on the combined use
of light energy emitted from high-energy diodes and an ex-
tremely low-frequency electromagnetic field. This light is
monochromatic, i.e., all photons have the same wavelength,
and collimated, which means it has parallel rays without di-
vergence. However, this light is not coherent (ordered), i.e.,
not all the photons have a constant phase, which makes it
different from laser light. Calderhead confirmed that the
energy of the light generated by LEDs, used predominantly in
aesthetic medicine, has a mainly local effect on tissues and can
penetrate into their deeper layers, depending on the length of
the generated waves and the angle of incidence [24]. Barolet
employed LEDs in dermatology and used the reaction of a
tissue dependent on energy absorption in specific skin layers.
The effects of 830 nm infrared light (IR) are initiated at the
level of the cell membrane and the effects of 640 nm red light
(R) in the mitochondria. Studies on the mechanisms of action
of LEDs indicated many aspects that can be considered to
achieve clinical benefits. For example, LEDs influence cell
metabolism by stimulating intracellular photobiochemical
reactions. Different effects are observed, including increased
synthesis of ATP, modification of reactive oxygen species,
induction of transcription factors, changes in collagen syn-
thesis, stimulation of angiogenesis, and enhanced blood flow
[25]. Other studies demonstrated that red LEDs activate fi-
broblast growth factor, increase the level of type 1 procollagen,
increase the level of matrix-metallo-proteinase-9 (MMP-9),
and reduce the level of MMP-1, as confirmed in vitro by
Barolet et al. [26]. Other researchers believe that mono-
chromatic near-infrared light stimulates blood circulation by
inducing the release of guanylate cyclase and nitrous oxide,
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which in turn promotes vasodilation and growth, as well as
angiogenesis, leading to wound healing [27]. Simpson et al.
reported that near-infrared LEDs offer the deepest penetration
of the tissues with visible wavelengths and are therefore used
for therapies targeted at subcutaneous structures and fibro-
blasts [28]. Red LEDs have been investigated in a wide range of
applications, including wound healing, treatment of precan-
cerous lesions, warts, and the prevention of inflammations of
the oral mucosa. IR light emitted by LEDs can penetrate 5 to
10 mm deep into the skin and has been used for the treatment
of wounds, ulcerations, and cutaneous scleroderma and was
also effective in the treatment of cellulite [29-31]. Studies by
Russell et al. demonstrated that the exposure of patients to a
combination of different wavelengths emitted by LEDs was
more effective compared to monotherapy [32]. A prospective,
placebo-controlled, double-blind clinical study on the use of
LEDs emitting red (640 nm) and IR light (830 nm) was per-
formed by Lee et al. [33]. A significant smoothing of wrinkles
with improved skin elasticity was observed in patients from all
study groups. Tissue tests revealed a significant increase in the
content of collagen and elastic fibres near highly active fi-
broblasts. The levels of proinflammatory cytokine, interleukin
13 (IL-1f3), and tumour necrosis factor « (TNF-«) were in-
creased, while the level of interleukin 6 (IL-6) was decreased.
In another study, Goldberg et al. investigated the effects of
combined red LED (633 nm) and IR (830 nm) on the skin and
reported smoothing of periorbital wrinkles in 80% of patients.
Histological examination showed an increased number and
thickness of collagen fibres [34]. Similar studies carried out by
Tian et al. in 2012 demonstrated an increased expression of
type 1 collagen and the number of viable fibroblasts after
treatment with different combinations of 630 nm, 830 nm, and
various wavelengths of red and IR light [35].

The effect of ELF EMF in the management of postop-
erative pain, used in the above studies, can be explained by
the cyclotron resonance known from magnetobiology and
the influence of electromagnetic fields on the concentration
of calcium ions and activation of nitric oxide synthetase.
Animal studies have demonstrated that damage to the pe-
ripheral nerves and consequent activation of induced nitric
oxide synthetase are important in the pathogenesis of
neuropathic pain and the development of hyperalgesia. The
analgesic effect observed in own research, induced by ELF
EMF in cells after the use of the P3 programme, can be
explained based on the model of ion cyclotron resonance,
described by Brustkern, Graham and Leach et al. [36-38].
According to the theory, using this model in magneto-
biology, calcium ions are the main target of the electro-
magnetic field within cell membranes and cytosol. Studies
on the activity of membrane enzymes and transport of
calcium ions induced by ELF EMF have indicated changes in
intracellular calcium concentrations. Calcium concentration
influences changes in the polarization of the cell membrane
towards long-term synaptic enhancement or weakening, and
thus determines the increase or decrease of cell reactivity.
Change in the perception of pain following the treatment
with ELF EMF and LED in patients after OGS may be related
to this process, but further research is necessary to explain
these mechanisms [39].
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6. Conclusion

The results of own study on the effects of combined treat-
ment with ELF EMF and LED demonstrated that this
method provides benefits in the reduction of pain in oro-
facial region of patients after OGS. Combined physiotherapy
treatments allowed for significantly greater pain relief
compared to pharmacotherapy. Patients also resumed their
social and professional activity in a shorter time after sur-
geries. Research in this area should be continued to analyze
the possibility of extending the use of this therapeutic
modality in other diseases treated by maxillofacial surgery.

Abbreviations

OGS: Orthognathic surgery
BSSO: Bilateral sagittal split osteotomy
ELF EMF: Extremely low-frequency electromagnetic field

LED: Light-emitting diode
IR: Infrared light

R: Red light.

Data Availability

The data sets used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.

References

[1] A. Ow and L. K. Cheung, “Skeletal stability and complications of
bilateral sagittal split osteotomies and mandibular distraction
osteogenesis: an evidence-based review,” Journal of Oral and
Maxillofacial Surgery, vol. 67, no. 11, pp. 2344-2353, 2009.

[2] L. Pacheco Ruiz and J. Chaurand Lara, “Facial nerve palsy
following bilateral sagittal split ramus osteotomy for setback
of the mandible,” International Journal of Oral and Maxil-
lofacial Surgery, vol. 40, no. 8, pp. 884-886, 2011.

[3] B.R. Chrcanovic and A. L. N. Custddio, “Optic, oculomotor,
abducens, and facial nerve palsies after combined maxillary
and mandibular osteotomy: case report,” Journal of Oral and
Maxillofacial Surgery, vol. 69, no. 6, pp. e234-e241, 2011.

[4] K. K. Rai, H. R. Shivakumar, and M. D. Sonar, “Transient
facial nerve palsy following bilateral sagittal split ramus
osteotomy for setback of the mandible: a review of incidence
and management,” Journal of Oral and Maxillofacial Surgery,
vol. 66, no. 2, pp. 373-378, 2008.

[5] T. G. Weiser, S. E. Regenbogen, K. D. Thompson et al., “An
estimation of the global volume of surgery: a modelling
strategy based on available data,” The Lancet, vol. 372,
no. 9633, pp. 139-144, 2008.

[6] D. C. Warltier, P. S. Pagel, and J. R. Kersten, “Approaches to
the prevention of perioperative myocardial ischemia,” An-
esthesiology, vol. 92, no. 1, p. 253, 2000.

[7] H. Kehlet and K. Holte, “Effect of postoperative analgesia on
surgical outcome,” British Journal of Anaesthesia, vol. 87,
pp. 62-72, 2002.

[8] INCB, Report of the International Narcotics Control Board for

the Availability of Internationally Controlled Drugs: Ensuring

Adequate Access for Medical and Scientific Purposes, INCB,

Vienna, Austria, 2015.

K. Panula, K. Finne, and K. Oikarinen, “Incidence of com-

plications and problems related to orthognathic surgery: a

review of 655 patients,” Journal of Oral and Maxillofacial

Surgery, vol. 59, no. 10, pp. 1128-1136, 2001.

[10] A. Mine, T. Oncul, E. Cimen, Z. Kucukyavuz, and
M. Cambazoglu, “Postoperative analgesia in orthognathic
surgery patients: diclofenac sodium or paracetamol?” British
Journal of Oral and Maxillofacial Surgery, vol. 49, no. 2,
pp. 138-141, 2011.

[11] S.J. Schaberg, C. B. Stuller, and S. M. Edwards, “Effect of
methylprednisolone on swelling after orthognathic surgery,”
Journal of Oral and Maxillofacial Surgery, vol. 42, no. 6,
pp. 356-361, 1984.

[12] C. R. Weber and J. M. Griffin, “Evaluation of dexamethasone
for reducing postoperative edema and inflammatory response
after orthognathic surgery,” Journal of Oral and Maxillofacial
Surgery, vol. 52, no. 1, pp. 35-39, 1994.

[13] G. Colella, R. Cannavale, A. Vicidomini, and A. Lanza, “Neu-
rosensory disturbance of the inferior alveolar nerve after bilateral
sagittal split osteotomy: a systematic review,” Journal of Oral and
Maxillofacial Surgery, vol. 65, no. 9, pp. 1707-1715, 2007.

[14] L. Ylikontiola, Neurosensory Disturbance after Bilateral Sag-
ittal Split Osteotomy, Departament of Oral and Maxillofac.
Surgery, University of Oulu, Oulu, Finland, 2002.

[15] A. Zwiri, M. A. Alrawashdeh, M. Khan et al., “Effectiveness of
the laser application in temporomandibular joint disorder: a
systematic review of 1172 patients,” Pain Research and
Management, vol. 2020, Article ID 5971032, 10 pages, 2020.

[16] T. S. Tenforde, “Biological interactions of extremely-low-
frequency electric and magnetic fields,” Bioelectrochemistry
and Bioenergetics, vol. 25, no. 1, pp. 1-17, 1991.

[17] J. Murray and R. Farndale, “Modulation of collagen pro-
duction in cultured fibroblasts by a low-frequency, pulsed
magnetic field,” Biochimica et Biophysica Acta (BBA)-General
Subjects, vol. 838, no. 1, pp. 98-105, 1985.

[18] R. H. Dworkin, D. C. Turk, J. T. Farrar et al., “Core outcome
measures for chronic pain clinical trials: IMMPACT rec-
ommendations,” Pain, vol. 113, no. 1, pp. 9-19, 2005.

[19] A. W. Thomas, K. Graham, F. S. Prato et al., “A randomized,
double-blind, placebo-controlled clinical trial using a low-
frequency magnetic field in the treatment of musculoskeletal
chronic pain,” Pain Research and Management, vol. 12, no. 4,
pp. 249-258, 2007.

[20] A. S. Arneja, A. Kotowich, D. Staley, R. Summers, and
P. S. Tappia, “Electromagnetic fields in the treatment of
chronic lower back pain in patients with degenerative disc
disease,” Future Science OA, vol. 2, no. 1, p. FSO105, 2016.

[21] M. L. Pall, “Electromagnetic fields act via activation of voltage-
gated calcium channels to produce beneficial or adverse ef-
fects,” Journal of Cellular and Molecular Medicine, vol. 17,
no. 8, pp. 958-965, 2013.

[22] T. Tannitti, B. Palmieri, A. Fistetto, V. Esposito, and
B. Rottigni, “Pulsed electromagnetic field therapy for man-
agement of osteoarthritis-related pain, stiffness and physical
function: clinical experience in the elderly,” Clinical Inter-
ventions in Aging, vol. 8, pp. 1289-1293, 2013.

[23] F. R. Nelson, R. Zvirbulis, and A. A. Pilla, “Non-invasive
electromagnetic field therapy produces rapid and substantial
pain reduction in early knee osteoarthritis: a randomized

[9



(24

[25

(26

(27]

[28

[29]

(30

[31

(32

(33]

(34

(35]

(36]

double-blind pilot study,” Rheumatology International,
vol. 33, no. 8, pp. 2169-2173, 2013.

R. G. Calderhead, W.-S. Kim, T. Ohshiro, M. A. Trelles, and
D. Vasily, “Adjunctive 830 nm light-emitting diode therapy
can improve the results following aesthetic procedures,” Laser
Therapy, vol. 24, no. 4, pp. 277-289, 2015.

D. Barolet, “Light-emitting diodes (LEDs) in dermatology,”
Seminars in Cutaneous Medicine and Surgery, vol. 27, no. 4,
pp. 227-238, 2008.

D. Barolet, C. J. Roberge, F. A. Auger, A. Boucher, and
L. Germain, “Regulation of skin collagen metabolism in vitro
using a pulsed 660nm LED light source: clinical correlation
with a single-blinded study,” Journal of Investigative Der-
matology, vol. 129, no. 12, pp. 2751-2759, 2009.

M. C. Almeida Issa, J. Pifeiro-Maceira, R. E. Farias,
M. Pureza, R. Raggio Luiz, and M. Manela-Azulay, “Immu-
nohistochemical expression of matrix metalloproteinases in
photodamaged skin by photodynamic therapy,” British
Journal of Dermatology, vol. 161, no. 3, pp. 647-653, 2009.
C. R. Simpson, M. Kohl, M. Essenpreis, and M. Cope, “Near-
infrared optical properties ofex vivohuman skin and subcu-
taneous tissues measured using the Monte Carlo inversion
technique,” Physics in Medicine and Biology, vol. 43, no. 9,
pp. 2465-2478, 1998.

L. R. Horwitz, T.]. Burke, and D. Carnegie, “Augmentation of
wound healing using monochromatic infrared energy. Ex-
ploration of a new technology for wound management,”
Advances in Wound Care: The Journal for Prevention and
Healing, vol. 12, no. 35-40, pp. 35-40, 1999.

V. von Felbert, K. Kernland-Lang, G. Hoffmann, V. Wienert,
D. Simon, and T. Hunziker, “Irradiation with water-filtered
infrared A plus visible light improves cutaneous scleroderma
lesions in a series of cases,” Dermatology, vol. 222, no. 4,
pp. 347-357, 2011.

F.R. Paolillo, A. Borghi-Silva, N. A. Parizotto, C. Kurachi, and
V. S. Bagnato, “New treatment of cellulite with infrared-LED
illumination applied during high-intensity treadmill train-
ing,” Journal of Cosmetic and Laser Therapy, vol. 13, no. 4,
pp. 166-171, 2011.

B. A. Russell, N. Kellett, and L. R. Reilly, “A study to determine
the efficacy of combination LED light therapy (633 nm and
830 nm) in facial skin rejuvenation,” Journal of Cosmetic and
Laser Therapy: Official Publication of the European Society for
Laser Dermatology, vol. 7, no. 3-4, pp. 196-200, 2005.

S. Y. Lee, K.-H. Park, J.-W. Choi et al., “A prospective,
randomized, placebo-controlled, double-blinded, and split-
face clinical study on LED phototherapy for skin rejuvenation:
clinical, profilometric, histologic, ultrastructural, and bio-
chemical evaluations and comparison of three different
treatment settings,” Journal of Photochemistry and Photobi-
ology B: Biology, vol. 88, no. 1, pp. 51-67, 2007.

D. J. Goldberg, S. Amin, B. A. Russell, R. Phelps, N. Kellett,
and L. A. Reilly, “Combined 633-nm and 830-nm led treat-
ment of photoaging skin,” Journal of Drugs in Dermatology:
Journal of Drugs in Dermatology, vol. 5, pp. 748-753, 2006.
Y. S. Tian, N.-H. Kim, and A.-Y. Lee, “Antiphotoaging effects
of light-emitting diode irradiation on narrow-band ultraviolet
B-exposed cultured human skin cells,” Dermatologic Surgery,
vol. 38, no. 10, pp. 1695-1703, 2012.

A. M. Brustkern, D. L. Rempel, and M. L. Gross, “Ion behavior
in an electrically compensated ion cyclotron resonance trap,”
International Journal of Mass Spectrometry, vol. 1, no. 2-3,
pp. 143-148, 2011.

(37]

(38]

(39]

Pain Research and Management

B. W. Graham, Y. Tao, K. L. Dodge et al., “DNA interactions
probed by hydrogen-deuterium exchange (HDX) fourier
transform ion cyclotron resonance mass spectrometry con-
firm external binding sites on the minichromosomal main-
tenance (MCM) helicase,” Journal of Biological Chemistry,
vol. 10, no. 24, pp. 12467-12480, 2016.

F. E. Leach, A. Kharchenko, R. M. A. Heeren, E. Nikolaev, and
L. J. Amster, “Comparison of particle-in-cell simulations with
experimentally observed frequency shifts between ions of the
same mass-to-charge in fourier transform ion cyclotron
resonance mass spectrometry,” Journal of the American So-
ciety for Mass Spectrometry, vol. 21, no. 2, pp. 203-208, 2015.
L. Kopacz, 7. Ciosek, H. Gronwald, P. Skomro, R. Ardan, and
D. Lietz-Kijak, “Comparative analysis of the influence of
selected physical factors on the level of pain in the course of
temporomandibular joint disorders,” Pain Research and
Management, vol. 2020, Article ID 1036306, 13 pages, 2020.



