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Abstract

Introduction: In the presented research, we characterized the contralateral effect after applying capacitive and resistive
transfer of energy (TECAR) in the treatment of active myofascial trigger point (MTrP). In order to assess the contralateral
effect, we used the infrared thermovision method. We hypothesize that by means of thermal imaging studies, we will be
able to present and confirm the contralateral effect which can be important in establishing the MTrP treatment protocol
with the use of TECAR.

Material and methods: In the study, thermographic imaging was performed on a group of 6 volunteers with an age range
[25-45] years (mean age: 32.3 years + 9.83 years) who were randomly selected for the study from among people practicing
recreational sports and showing the clinical presence of active MTrP in the upper trapezius muscle (UT).

Results: On both sides, the reference area (side untreated) and the target area (side treated), there was an increase in the
percentage changes of isotherms. These results indicate the presence of a contralateral effect. The use of TECAR therapy
ipsilaterally in the treatment of MTrP in UT results in an increase of temperature on the symmetrical body part and it may
be connected with the presence of vascular contralateral effect on the untreated side.

Conclusions: These changes were investigated by IR which, as our research shows, can be an effective form of assessing

the therapeutic effects of TECAR in MTrP treatment.
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Introduction

The TECAR therapy (capacitive and resistive transfer of energy)
is a non-invasive musculoskeletal method using high-frequency
current (300 kHz—1 MHz). TECAR is classified as deep
thermotherapy. Energy is applied to tissues through a capacitive
electrode (CET) or resistive (RET) in order to invoke desired
changes.

CET electrode is covered by an insulator and impacts on
superficial tissue layers, with a selective action on low-
impedance (water-rich) soft tissues such as muscles, adipose
tissue, cartilage, and lymphatic system.! RET electrode is a
conducting electrode which generates heat in the deeper more
resistant (low water content) tissue layers, for example, bone,
muscular fascia, capsules, and tendons. In conclusion, the main
effect of therapy is generating heat in superficial and deep
tissues.

TECAR affects blood flow, which allows the removal of
inflammatory catabolites and has a positive effect on the healing
process. Bito et al. reported that TECAR substantially improves
blood circulation in the peritendinous region and increases
haemoglobin saturation.? Moreover, a recent study shows the
impact of TECAR therapy on perfusion of the skin
microcirculation and intramuscular blood flow enhances blood
flow volume in muscle tissue.® Resulting of greater
vascularization promotes the relaxation of tissues (especially
muscular tissue) and drainage of swelling (oedema and
hematoma).* In addition, TECAR alleviates muscle and joint
pain,® and increases connective tissue elasticity.® TECAR
therapy is used in specific pathologies such as low back pain,®”
neuralgia, oedema, muscle spasm, tendinopathies,®
osteoarthritis,®1° plantar fasciitis’'. TECAR therapy outweighs
other therapies with the possibility of using manual therapy
simultaneously with the use of a physical factor. Furthermore,
passive and active therapy are possible at the same time as well.
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Absolut contraindications of TECAR are suppurative processes,
vascular diseases, neoplasia, cardiac stimulator, sensitivity to
various temperatures and pregnancy. It is not recommended for
direct application to the eyes, testicles, and growth plate
cartilage as well.*2

Numerous supporting studies characterized contralateral
microvascular response for its effects on the regulation of
peripheral and core thermoreceptors.’3® No research has
previously tested this effect under the influence of TECAR
therapy. Furthermore, most studies have focused on assessing
the contralateral effect in the limbs.**28 In our study, we assessed
this effect in the area of the trunk, more specifically in the upper
trapezius muscle (UT), the dysfunction of which may be the
cause of tension and local pain, tension headaches, neck pain,
dizziness, limited range of neck mobility and brachioscapular
rhythm disorders.!® These dysfunctions can be explained by the
presence of myofascial trigger point (MTrP) which is defined as
hyperirritable areas in taut muscle bands generating pain during
palpation or muscle stretching.?’ Myofascial trigger points were
categorized by Simons et al.?° as either active or latent. While
active MTrP produce a spontaneous clinical complaint of pain,
latent MTrP are clinically silent and are only painful when
properly stimulated.? It is estimated that 78.8% of healthy
individuals have latent MTrP in UT.?

There are many theories of the formation of MTrP. The most
frequently described in the literature is the theory of energy
crisis proposed by Simons and Travell., which assumes that
MTrP is caused by ischemia and hypoxia of muscle tissue.'’
Consider this, TECAR therapy and its contralateral effect may
have an impact on the treatment of MTrP. Therefore, the
presence of the above effect should be taken into consideration
when developing a methodology for performing TECAR
therapy in the UT area with MTrP present in this place.

Nowadays thermal imaging is used in medicine due to its non-
invasive and quite simple and fast possible use. Moreover, the
distribution of body surface temperature may bring very
important information about the functioning of the tissues. The
information is indirectly correlated with blood flow, and part of
the body activity — so the tissue metabolism. That is why thermal
imaging can be treated as a functional imaging and diagnostic
method. It should be also underlined that the temperature of the
skin and superficial tissue is strictly connected with the thermal
balance between tissue activity, vasodilation, the rate of sweat
evaporation and the external physical factors i.e., therapy as
TECAR.%%" Thus, thermovision can be easily used as a method
of evaluation of local as well as systemic cutaneous blood flow
changes as a function of organism response to different physical
factors so the therapy too.

Consequently, the main aim was to prove and show the
contralateral effect of the blood system induced by TECAR
therapy using thermal imaging.
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Material and Methods

A Winback 1s device was used for the TECAR therapy. The
patient laid down in a prone position. Directly in the area of the
upper part of the trapezius was applied conductive electrode. A
passive electrode (made of medical stainless steel) closing the
electricity circuit was placed directly on the skin of the abdomen.
The therapist worked out the entire muscle from the occipital
region to the acromion generating light pressure above the
muscle belly.

The Low pulse program was used for therapy which includes
0.5 seconds of work and 0.5 seconds of break. Power used for
the therapy was expressed in % and it was 40% for each.
Therapy lasted 10 minutes. Balm with electrolytes was used to
better conduct the current. The intervention was performed by a
physiotherapist with 5 years of experience in this technique.

The research group consisted of 6 volunteers with an age range
[25-45] years (mean age: 32.3 years = 9.83 years) who were
randomly selected for the study from among people practicing
recreational sports. Each volunteer was clinically tested. Only
patients with active myofascial trigger points (MTrP) located in
the trapezius muscle (upper part, UT) were included in the
group. Diagnostic criteria for active MTrP are based on the
consensus of the Delphi panel.?® It was assumed that active
MTrP is a palpable, tender, taut band of muscle fibres, the
compression of which causes a violent pain reaction possible to
be identified by the patient (reproduction of the patient
symptoms) and a local twitch response (LTR). The following
exclusion criteria were set: musculoskeletal pain syndrome,
MTYP therapy in the UT region during the last year; history of
neck trauma, cervical spine and humeral joint surgeries; cervical
radiculopathy, chronic and acute diseases of the cardiovascular,
respiratory, and nervous systems; endocrine disturbances; skin
lesions; acute inflammation; cancer; and BMI > 30 kg/m?.

Thermal imaging was performed by using the FLIR T540
camera with a sensitivity of < 0.03 [K]. The examination room
temperature was 23 £+ 1 [°C], and the humidity was about 50%.
The camera has been always set perpendicular to the upper back
according to the standards at a distance of 1+0.1 m.?” For every
volunteer thermal imaging has been performed before TECAR
therapy which relied on 10 minutes application of CET electrode
in place of pain and trigger point presence. Then the next
thermovision examination was performed immediately after the
procedure (1 minute) and after 15, 30 and 45 minutes of the end
of therapy.

The whole back was always monitored, and the isotherm
threshold was set as the average temperature of it.
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Figure 1. The scheme of TECAR therapy thermal effect analysis. R — reference area (untreated part), T — target area (treated part)

For the thermal image analysis performed using the
ThermaCAM Researcher Pro 2.10. In detail, an evaluation of
therapy's influence on the tissue and the presence of the
contralateral effect of the UT area has been chosen and once one
side of the muscle was treated (it was marked as T — target) the
other one was imaged and the contralateral effect was observed
(it was marked as R — reference) — it is presented in Figure 1.
The statistical analysis was performed using STATISTICA 10
software. The dependence groups of variables were checked
before and in every measured time interval after therapy by
using repeated measures. Due to a lack of normality as well as
homogeneity of variances the Anova Friedmans with Kendall
compatibility factor test was performed. Differences were
considered statistically significant for p-value <0.05.

Results

All measured area parameters for both sides of the upper back at
every time interval are collected in Table 1. The Isotherm area
was set as an area characterized by a higher temperature than the
mean of the back — it was the isotherm threshold.

Both in the case of the reference area and the target area, there
was an increase in the percentage changes of isotherms.

Immediately after treatment (1 minute after), the percentage
change of isotherms in the TECAR application area is slightly
lower than the temperature of the reference area. Perhaps already

during the therapy, there is a distribution of excess heat from the
area subjected to TECAR therapy to the reference area.

Interestingly, 45 minutes after the therapy, the percentage
change of isotherms is slightly higher in the group without
TECAR application.

One can observe that the isotherm area on symmetrical to the
therapy part of UT is quite similar to those that was treated. It
can be even seen a little trend to increase the effect after 1 and
45 minutes since therapy. However, it should be noted that the
parameters collected in the table are average, and the studied
group was quite small, so we can only state about some trends
not the significant differences.

The above results indicate the presence of a contralateral
effect. Describing changes can be explained also as the
phenomenon known as ‘“cross-education”. Earlier research
showed the presence of the cross-education phenomenon after
using  acupuncture,?®  neuromuscular  electrostimulation
(NMES),®® external pneumatic compression therapy,
percutaneous electrolysis®? and blood flow restriction training®.
In the literature, you can find studies confirming the occurrence
of a contralateral effect under the influence of thermotherapy.
The therapies used in their case were superficial heat therapies
such as hot packs or warm baths.'>'516 To the best of our
knowledge, no previous study has shown this phenomenon after
using TECAR therapy and using it in the presence of active
MTrP.

Table 1. Percentage changes of Isotherm areas (T — target and R — reference area) counted as (Area i/Area before treatment) * 100%, where i = 1,

15, 30 and 45; and before treatment is 0 = 100%.

Time of measurement in target area (T) 1 2 3 4 5 6 Average T area ratio
1 132 101 112 123 192 122 132
15 88 68 56 65 152 61 86
30 72 32 15 16 136 17 54
45 12 16 16 17 65 21 25
Time of measurement in reference area (R) Average R area ratio
1 80 108 125 143 236 132 137
15 41 70 40 64 168 61 74
30 54 26 1 5 147 4 39
45 51 13 13 26 72 26 33
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The phenomenon of cross-education and contralateral effect
creates new therapeutic possibilities for patients undergoing
conservative treatment with immobilization in a cast, after the
surgery and for whom the movement of the joint causes pain in
conditions such as osteoarthritis, tendinopathies, and muscle
strains. Using TECAR therapy in these cases, we should expect
better blood supply to the immobilized side, as a result of which
the tissues should heal and regenerate faster. In addition, the loss
of muscle mass should be smaller. In the presence of MTrP, by
working on both sides, with and without MTrP, it is possible to
enhance the therapeutic effect. This hypothesis should be
investigated in subsequent research.
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Figure2. The thermal images as it was obtained for the
representative patient performed before — 0, one minute after — 1,
and 15, 30 and 45 minutes after therapy of the patient’s back with
marked isotherm areas.
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To observe the raw data in thermal images as it was obtained for
the representative thermal images performed before — 0, one
minute after — 1, and 15, 30 and 45 minutes after therapy of the
patient’s back with marked isotherm areas are presented in
Figure 2.

Moreover, for better look inside into the problem there are
thermal images also performed before — 0, one minute after — 1,
and 15, 30 and 45 minutes after therapy of the patient’s back in
another — medical temperature scale.

Figure 3 clearly shows the area of increased temperature
appearing on the reference side, on which the treatment was not
performed. This area changes over time, suggesting the presence
of a contralateral effect.?%-33

2200

Figure 3. The thermal images of the representative patient
performed before — 0, one minute after — 1, and 15, 30 and 34
minutes after therapy of the patient’s back in the medical color
scale.

e o adel
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Figure 4. Box graph of median isotherm area changes for studied
volunteers target counted as (Areai/Areapefore treatment) X 10090,
obtained before (T0), and 1 (T1), 15 (T15), 30 (T30) and 45 (T45)
minutes after treatment.
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Moreover, the statistical analysis as well as box graphs were
performed and presented in Figures 4-6.

Figure 5 clearly shows the response on the reference side -
and this supports the appearance of the contralateral effect. The
results may confirm the occurrence of the contralateral effect
both in the median parameter (Figures4 and 5 for T and R,
respectively) and the average in Figure 6.

In the case of the mean, an upward trend in isotherm changes
for the R area is clearly visible in the 1st and 45th minutes after
the therapy.

Discussion

There are many studies examining the effect of TECAR therapy
with IR.2 3436 To the authors' knowledge, no previous study has
examined the TECAR effect in the case of active MTrP therapy
and shown the presence of a contralateral effect. In the study by
K. Kubo et al., after using the heating treatment (hot pack), a
contralateral effect was obtained by healing the Achilles
tendon.*® Astrup et al. reported that contralateral heating can
increase the subcutaneous blood flow of the unheated forearm
and affect the metabolism of the unheated hand.*® Gorodkin et
al. Found that the vasodilator responses to heating stimulus were
similar in the affected and unaffected areas of the calf in people
with complex regional pain syndrome.6

Physiologically, the contralateral effect can be explained as
follows: elevated arterial blood flow temperature activates
central thermal receptors, resulting in bilateral skin
vasodilatation and an increase in peripheral blood flow and
cardiac output. Thus, a thermal stimulus applied to one side can
elicit opposite skin temperature and blood flow responses by
innervating peripheral and central thermal receptors.'4
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Figure 5. Box graph of median isotherm area changes for studied
volunteers reference area counted as (Areai/Areaefore treatment)
x 100%, obtained before (R0), and 1 (R1), 15 (R15), 30 (R30) and
45 (R45) minutes after treatment.
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Figure 6. Box graph of average isotherm areas changes for studied
volunteers' reference and target areas counted as (Area i/ Area before
treatment) X 100%6, obtained before, and 1, 15, 30 and 45 minutes after
treatment.

In terms of the methodology of performing the TECAR
procedure, the described phenomenon may turn out to be
extremely important, especially in the presence of MTrP, which
is described as an ischemic disorder. The above effect creates
new possibilities for the use of TECAR therapy for instance: a
patient unsuitable to apply a thermal stimulus directly to the
affected area, suffering from peripheral vascular diseases, skin
lesions or wearing an external fixator.

Considering the small research group, further research
confirming the presence of the contralateral effect should be
conducted.
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Conclusion

The use of TECAR therapy ipsilaterally in the treatment of
MTrP in UT results in an increase of temperature on the
symmetrical body part and it may be connected with the
presence of vascular contralateral effect on the untreated side.
Moreover, it seems that on the untreated side, the isotherm
area seems to be similar to the treated one, which may have great
therapeutic importance. It may be also seen that the observed
contralateral effect by average calculated area may be even

bigger 45 minutes after therapy (Table 1 and Figure 6). These
changes were investigated by IR which, as our research shows,
can be an effective form of assessing the therapeutic effects of
TECAR in MTrP treatment.

However, due to the small research group and development of
an effective MTrP treatment protocol, further research into the
presence of a contralateral effect should be conducted to prove
observed trends and relations.
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