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Abstract. [Purpose] This study aimed to investigate the effects of the therapeutic device combined with LED
and microcurrent (MC) on muscle tone and stiffness in the calf muscle after its application during moderate aerobic
exercise. [Subjects and Methods] Twenty healthy adult subjects were randomized to either the test group of the
therapeutic device combined with LED and MC or the control group, and they walked on a 10%-sloped treadmill
with a 5 km/hr speed for 30 minutes. Each of the subjects in the test group performed treadmill exercise with the
therapeutic device attached to the edge of his or her calf muscle. After the exercise, the muscle tone and stiffness
at the edge of the calf muscle were measured. [Results] With respect to the muscle tone, a statistically significant
difference was found between the two groups only 5 minutes after the exercise. Concerning muscle stiffness, sig-
nificant differences were shown between the two groups right after the exercise and 5 minutes after the exercise.
[Conclusion] Integrated treatment with LED and MC on is considered helpful for lowering the muscle tone 5 min-
utes after the exercise, and for lowering the muscle stiffness right after the exercise and 5 minutes after the exercise.
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INTRODUCTION

Repeated exercise and long-distance walking may cause fatigue in the skeletal muscles. During intensive aerobic exercise,
muscular fatigue can occur, lowering the muscle power due to the limited energy supply or increased metabolite concentra-
tion in the muscle!. The fatigue level in the muscles of the lower limbs increases as a person walks for a longer time, and the
calf muscle contracts continuously while a person is walking to maintain the center of gravity in the basal facet. In the case of
various lower-limb exercises, the continuous contraction of the calf muscle while a person is walking plays the role of ensur-
ing sufficient muscle power for maintaining the stability of the body and its movements?. It is essential for the prevention of
calf muscle damage or for recovery from muscular fatigue, to improve one’s walking and daily life?).

The treatment with microcurrent uses microampere (LA) current to treat the muscle damage without any adverse effect,
and for such treatment, a small and handy device has been developed® %. Curtis et al.*) reported that the level of pain of
the 35 healthy adult subjects in their study due to the delayed onset muscle soreness (DOMS) that occurred in them after
they performed eccentric exercise was alleviated by the 20-minute treatment with microcurrent. Recently, multiple studies
on muscle functions using light-emitting diode therapy (LEDT) was reported, and LEDT showed the effects of expediting
muscle recovery and overcoming muscle power damage and fatigue caused by exercise® 7). In addition, it has a bigger
spot size than laser diode, with a lower manufacturing cost, and the therapeutic efficacy was reported to be related with the
wavelength and strength rather than with the light source®). Baroni et al.) reported the durable efficacy on exercise capacity
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of LEDT application to fatigue in the quadriceps femoris caused by intensive exercise, and Hemmings et al.'? reported a
positive therapeutic effect on exercise capacity of the application of LEDT to the quadriceps femoris for 60—120 seconds
before eccentric leg extensions. Likewise, the therapies using LED and microcurrent have been reported to be effective for
the treatment of muscle fatigue or pain, but few studies have been conducted to date on treatment with LED and microcurrent
during physical activity or exercise. Therefore, this study aimed to investigate the effects of integrated treatment with LED
and microcurrent on the muscle tone and stiffness after exercise by applying them to the muscle during exercise.

SUBJECTS AND METHODS

The subjects of this study were 20 students of G University. After sufficient explanation of the purpose and procedures
of the study the participants were provided a written informed consent form in accordance with the ethical standards of the
Declaration of Helsinki, and those without any orthopaedic, internal medicine, or neurosurgical disease that might affect the
knees and muscles near the ankle, and the walking capacity.

Twenty adult males were randomized to either the control group or the integrated-treatment group with LED and micro-
current (10 per group). The general characteristics of the subjects are shown in Table 1. The muscle functions of the study
subjects, including the muscle tone and stiffness, were measured using Myoton®PRO (MyotonAS, Estonia), a device for
measuring the biodynamics and mechanical characteristics of soft tissue such as the muscles and tendons'V. The intra-class
correlation coefficients (ICC) were 0.99 (95% CI:0.98 to 0.99) for natural oscillation frequency (i.e. tension), 0.99 (95% CI:
0.98 to 1.00) for stiffness'V. For all the subjects, the muscle tone was measured before the test, and stretching for the muscles
in the thigh and calf was done for 5 minutes.

Then the control group walked on the treadmill with a 10% slope at the speed of 5 km/hr for 30 minutes. The integrated-
treatment group did the same exercise as was done by the control group, and walked on the treadmill with the integrated-
treatment device (LOC-MCO1, Linkoptics, Kwangju, South Korea) attached to their calf muscle. The leg that was selected as
the one to which the device was to be attached was the one that would kick a football.

The integrated-treatment device consists of microcurrent and LED with a 830 nm wavelength, 10 Hz frequency, 90 mW
(3 x 30 Mw) average power, 0.2 cm? spot size (number of points=3), and 9.7 J treatment dosage'?). For the microcurrent
therapy, a pulsed current with a 30 HZ frequency and 100 pA intensity was used.

The measurement was done twice, and additional measurement was done if the coefficient of variation was over 3%. The
mean value obtained from the two-time measurement with a coefficient of variation of 3% or less was recorded. The measure-
ment was done before the exercise, right after the exercise, and 5 and 20 minutes after the exercise, under a constant room
temperature (23 °C). The same physical therapist performed all the interventions and measurements. Statistical analysis was
done using by SPSS 19.0 for Windows. An independent t-test was conducted to determine the difference in muscle function
between the two groups at each time point. The statistical significance level of the data was 0.05.

RESULTS

A significant difference in muscle tone was found between the control and integrated-treatment groups only 5 minutes
after the exercise (p<0.05). The muscle tone in the integrated-treatment group with LED and microcurrent was lowered more
than in the control group only 5 minutes after the exercise. Significant differences in muscle stiffness were found between
the control and integrated-treatment groups right after the exercise and 5 minutes after the exercise (p<0.05). The muscle
stiffness in the integrated-treatment group with LED and microcurrent was lowered more than in the control group right after
the exercise and 5 minutes after the exercise (Table 2, 3).

DISCUSSION

The results of the test involving moderate aerobic exercise on a sloped treadmill with the application of the therapeutic de-
vice for LEDT and microcurrent showed that the tone of the calf muscle was lowered more only 5 minutes after the exercise
in the integrated-treatment group with LED and microcurrent than in the control group. The dynamic stiffness of the muscle
was shown to have been lowered more right after the exercise and 5 minutes after the exercise in the integrated-treatment
group with LED and microcurrent than in the control group.

Curtis et al.¥) reported that 20-minute microcurrent therapy decreased the DOMS in the subjects of their study. Kim'?
pointed out that excessive muscle tension caused muscular tissue damage through temporary oxygen deficiency and ischemia
in the muscle, resulting in muscular diseases such as myofascial pain syndrome. In fact, an intervention using microcurrent
among a variety of interventions for lowering muscle tension was reported to be effective for relieving the pain due to
myofascial pain syndrome that could occur due to excessive muscle tension'¥. As the stiffness (S) in the Myoton measure-
ments increases together with the muscle tone (F), the muscle power also increases. Proper interventions are required as an
excessive increase of muscle power can develop into muscular diseases®). The normal range of muscle stiffness, a biodynamic
characteristic, has been known as 220-320 N/m, and inefficient joint movement is generated as the value increases!). The
results of this study showed that both muscle tone (F) and stiffness (S) were lowered right after the exercise and 5 minutes
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Table 1. General characteristics of the subjects

Control group (n=10) Integrated-treatment group (n=10)

Age (yrs) 22.1+14 233+1.5

Height (cm) 1727+ 4.7 175.2+57

Weight (kg) 75.1+13.1 68.0+5.2

Table 2. Changes of muscle tone (unit: Hz)
Group Before exercise Right after exercise 5 minutes after exercise 20 minutes after exercise
CON 17.07 £ 1.40 17.12 £ 2.57 16.71 £ 1.63 15.44 +1.30
COM 16.29 + 1.53 1570 £ 1.33 15.36 £ 0.55 15.34 £ 1.00
t(p) 1.189 1.550 2473 0.415
(0.250) (0.138) (0.024) (0.683)

The values are the means + SD.
CON: control group; COM: combined therapy group (light-emitting diode therapy and microcurrent therapy).

Table 3. Changes of muscle stiffness (unit: N/m)

Group Before exercise Right after exercise 5 minutes after exercise 20 minutes after exercise
CON 311.8 +41.5 321.9+75.5 298.4+38.6 270.6 +26.9
COM 285.5+40.8 265.4+£357 262.8£24.1 264.6 +37.0
t(p) 1.429 2.139 2.474 0.415

(0.170) (0.046) (0.024) (0.683)

The values are the means + SD.
CON: control group; COM: combined therapy group (light-emitting diode therapy and microcurrent therapy).

after the exercise in the integrated-treatment group with LED and microcurrent. These results demonstrate that integrated
therapy with LED and microcurrent during moderate exercise can effectively prevent DOMS and muscular diseases such as
myofascial pain syndrome right after the exercise. Therefore, the integrated therapy applied in this study can be considered
to assist the dilation of the muscle to the extent possible by lowering the muscle tension and dynamic stiffness, which are
increased by physical activities. Also, these results can be utilized as the fundamental data for the development of a method
of expediting recovery from muscle fatigue caused by physical activities involving the application of LED and microcurrent
for those who walk or stand up for a long time during the performance of physical activities. The limitation of this study is
that the subject was healthy normal adults.

Funding
This article is the outcome of the research that was conducted using the fund provided by Gwangju Defense Venture
Center 16-2 for the “Defense Agent for Technology and Quality” project.

Conflict of interest
None.

REFERENCES

1)  Gandevia SC: Spinal and supraspinal factors in human muscle fatigue. Physiol Rev, 2001, 81: 1725-1789. [Medline] [CrossRef]

2)  Youm CH, Kim TH: Effects of induced fatigue of ankle joint muscle on the capability and recovery of postural control during single leg stance. Korean J Sport
Biomech, 2012, 22: 219-228. [CrossRef]

3) CholJJ, Lim JM, Kim MK, et al.: Effects of new conceptual microcurrent stimulation therapy on muscle function of gastrocnemius. Arch Orthop Sports Phys
Ther, 2017, 13: 53-60. [CrossRef]

4)  Curtis D, Fallows S, Morris M, et al.: The efficacy of frequency specific microcurrent therapy on delayed onset muscle soreness. J Bodyw Mov Ther, 2010, 14:
272-279. [Medline] [CrossRef]

5)  Lambert MI, Marcus P, Burgess T, et al.: Electro-membrane microcurrent therapy reduces signs and symptoms of muscle damage. Med Sci Sports Exerc, 2002,
34: 602-607. [Medline]

J. Phys. Ther. Sci. Vol. 30, No. 6, 2018 818


http://www.ncbi.nlm.nih.gov/pubmed/11581501?dopt=Abstract
http://dx.doi.org/10.1152/physrev.2001.81.4.1725
http://dx.doi.org/10.5103/KJSB.2012.22.2.219
http://dx.doi.org/10.24332/aospt.2017.13.1.07
http://www.ncbi.nlm.nih.gov/pubmed/20538225?dopt=Abstract
http://dx.doi.org/10.1016/j.jbmt.2010.01.009
http://www.ncbi.nlm.nih.gov/pubmed/11932567?dopt=Abstract

6)

7

8)
9)

10)

11)

12)

13)

14)
15)

Borsa PA, Larkin KA, True JM: Does phototherapy enhance skeletal muscle contractile function and postexercise recovery? A systematic review. J Athl Train,
2013, 48: 57-67. [Medline] [CrossRef]

Ferraresi C, de Brito Oliveira T, de Oliveira Zafalon L, et al.: Effects of low level laser therapy (808 nm) on physical strength training in humans. Lasers Med
Sci, 2011, 26: 349-358. [Medline] [CrossRef]

Enwemeka CS: Light is light. Photomed Laser Surg, 2005, 23: 159-160. [Medline] [CrossRef]

Baroni BM, Leal Junior EC, Geremia JM, et al.: Effect of light-emitting diodes therapy (LEDT) on knee extensor muscle fatigue. Photomed Laser Surg, 2010,
28: 653—658. [Medline] [CrossRef]

Hemmings TJ, Kendall KL, Dobson JL: Identifying dosage effect of light-emitting diode therapy on muscular fatigue in quadriceps. J Strength Cond Res, 2017,
31: 395-402. [Medline]

Viir R, Laiho K, Kramarenko J, et al.: Repeatability of trapezius muscle tone assessment by a myometric method. J Mech Med Biol, 2006, 6: 215-228. [Cross-
Ref]

Denis R, O’Brien C, Delahunt E: The effects of light emitting diode therapy following high intensity exercise. Phys Ther Sport, 2013, 14: 110-115. [Medline]
[CrossRef]

Kim JM: Myofascial pain syndrome in general practice. ] Korean Acad Fam Med, 2001, 22: 1315-1322.

McMakin CR: Microcurrent therapy: a novel treatment method for chronic low back myofascial pain. J Bodyw Mov Ther, 2004, 8: 143—153. [CrossRef]
Schneider S, Peipsi A, Stokes M, et al.: Feasibility of monitoring muscle health in microgravity environments using Myoton technology. Med Biol Eng Comput,
2015, 53: 57-66. [Medline] [CrossRef]

819


http://www.ncbi.nlm.nih.gov/pubmed/23672326?dopt=Abstract
http://dx.doi.org/10.4085/1062-6050-48.1.12
http://www.ncbi.nlm.nih.gov/pubmed/21086010?dopt=Abstract
http://dx.doi.org/10.1007/s10103-010-0855-0
http://www.ncbi.nlm.nih.gov/pubmed/15910178?dopt=Abstract
http://dx.doi.org/10.1089/pho.2005.23.159
http://www.ncbi.nlm.nih.gov/pubmed/20626264?dopt=Abstract
http://dx.doi.org/10.1089/pho.2009.2688
http://www.ncbi.nlm.nih.gov/pubmed/27359205?dopt=Abstract
http://dx.doi.org/10.1142/S0219519406001856
http://dx.doi.org/10.1142/S0219519406001856
http://www.ncbi.nlm.nih.gov/pubmed/23664040?dopt=Abstract
http://dx.doi.org/10.1016/j.ptsp.2012.03.014
http://dx.doi.org/10.1016/j.jbmt.2003.12.006
http://www.ncbi.nlm.nih.gov/pubmed/25331739?dopt=Abstract
http://dx.doi.org/10.1007/s11517-014-1211-5

