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Introduction

Muscle hardness causes lower activity in athletic practice 
or sport competition. Increase in muscle hardness often 
causes injury and muscle fatigue, especially after eccen-
tric or heavy loaded exercise. Stretching is one of the ef-
fective tools to improve muscle flexibility and physical 
performance 1). However, obtaining accurate information 
about individual muscle condition is technically difficult 
for athletes themselves and their trainers and the im-
provement of muscle hardness is affected by experience. 
A tissue hardness meter is another way to measure mus-
cle hardness 2), however, the influence of skin and fat 
could not be eliminated. Thus, ultrasound elastography, 
an imaging method for measuring tissue elasticity using 

an ultrasound diagnostic scanner with special software, is 
now widely used to measure muscle hardness 3). 
	 Real-time Tissue Elastography (RTE) permits real 
time measurement of the tissue strain based on the prin-
ciple that softer tissue has more deformation induced by 
the same external compression and shows larger strain 
compared to the harder tissue 4–6). Strain differences be-
tween each element are color-coded according to relative 
tissue hardness and the elastogram overlaid on the tissue 
B mode image in RTE. Moreover, quantitative hardness 
can be measured by comparing the hardness between the 
tissue of interest and the standard substance.
	 Pennation angle is defined as the angle between the 
orientation of muscle fiber fascicles and the attached ten-
don axis. Increase in pennation angle indicates increase 
in longitudinal muscle extension and transverse muscle 
stiffness after eccentric or heavy loaded exercise 7, 8). In-
crease in pennation angle means muscle stiffness, inflam-
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matory response and swelling 8). Thus, we adopted pen-
nation angle as the index of muscle hardness.
	 Recently, low-reactive level laser therapy (LLLT) has 
been recognized as a valid medical tool for the treatment 
of pain, soft tissue damage and muscle fatigue 8-12). Silver 
Spike Point (SSP) therapy, acupuncture-like transcutane-
ous electrical nerve stimulation, is expected to the valid 
medical tool for the treatment of pain and muscular ten-
sion 13, 14). We aimed to investigate the effect on experi-
mentally created muscle hardness of acupuncture stimu-
lation using low-reactive level laser therapy (LLLT) and 
silver spike point (SSP) therapy, along with stimulation by 
stretching. 

Subjects and Methods

Subjects

The participants in this study were thirty-one healthy 
men (mean ± standard deviation (SD): age, 20.3 ± 1.2 

years; height, 170.3 ± 4.8 cm; weight, 63 ± 6.7 kg). The 
left leg was dominant in 21 participants and the right leg 
in 10. All participants had not suffered muscle strain in 
the lower leg and had not performed lower leg resistance 
training. This study was approved by Ethics Committee of 
Takarazuka University of Medical Arts and Sciences (No. 
1701071) and written consent was obtained from all pa-
tients.

Pennation angle and muscle hardness 

Pennation angle and muscle hardness of gastrocnemius 
muscle were measured.
	 Pennation angle was measured by the angle be-
tween the orientation of a fascicle and the attached ten-
don axis (Figure 1) with using ultrasound diagnostic 
scanner (Noblus, Hitachi Aroka Medical, LTD, Tokyo, Ja-
pan, Figure 2). 
	 Muscle hardness was measured with using ultra-
sound diagnostic scanner and L64 probe (5–18 MHz). The 
measurement of muscle hardness is based on the princi-
ple that softer tissue and shows larger strain induced by 
the same external compression than harder tissues. Strain 
ratio (muscle/reference ratio; SR) was calculated automat-
ically using built-in software. SR in response to the com-
pression force is smaller in harder tissue than in softer tis-
sue. Thus, we used SR as muscle hardness in this study. 
	 The RTE image was obtained by manual application 
of repetitive compression with an acoustic coupler (refer-
ence material) loaded probe. Figure 3 shows RTE image, 
B-mode image superimposed by the analyzed color-cod-
ed strain image indicating relative hardness of the region 
of interest. RTE image indicates strain difference between 
two regions as color or value, and SR is calculated auto-
matically (Figure 4). 

Pennation
angle

Figure 1: ‌� Measurement of pennation angle. 
Pennation angle is defined as the angl 
between the orientation of a fascicle and the 
attached tendon axis.

Figure 2: ‌�Ultrasound diagnostic scanner.  
Noblus (Hitachi Aroka Medical, LTD, Tokyo, 
Japan) and L64 probe (5 – 18 MHz) were used 
in this study.

Figure 3: ‌�RTE image of Real-time tissue elastography. 
B-mode image superimposed by the analyzed 
color-coded strain image indicating relative 
hardness of the region of interest.
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Experimental design and procedures

After resting for ten minutes in the experiment room, the 
participants lay prone on bed and pre-exercise (pre) pen-
nation angle and muscle hardness were measured with 
ultrasound diagnostic scanner. To make muscle fatigue, 
the participants performed single-leg ankle plantar-flex-
ion with their dominant leg on an upright position, con-
sisting maximum ankle dorsiflexion for one second and 
then plantar flexion to the resting position for two sec-
onds. The participants performed 4 sets of 20 repetitions 
with a two-minute rest between sets. Just after the exer-
cise, post-exercise scans (post) were conducted and then 
five randomly ordered protocols were assigned. After 25 
minutes from the exercise, post25 scans were conducted.
	 The participants performed five randomly ordered 
protocols (LA, St, SSP, St-SSP, St-LA) on five separate days 

at least one week between tests. In LA, the laser used in 
this protocol was a gallium aluminum, arsenide (Ga-Al-
As) diode laser ( JQ-W1, Minato Medical Science Co, LTD, 
Osaka, Japan, Figure 5) giving output power in continu-
ous wave of 180 mW at a wavelength of 810 nm. The 
power density of output is 51.4W/cm2. The laser was ap-
plied to two acupuncture points, Cnengshan (BL-57, In-
ternational Standard Acupuncture Point indicating upper 
musculotendon junction of gastrocnemius muscle, Figure 
6) and Cnengjin (BL-56, International Standard Acupunc-
ture Point indicating point between medial and lateral 
gastrocnemius muscle bellies, Figure 6). Both two acu-
puncture points are clinically applied to Gastrocnemius 
pain. In St, the participants kept an upright position for 
three minutes with maintaining their ankles 30-degree 
dorsiflexion on the stretching board (Figure 7). In SSP, 
Cnengshan and Cnengjin were stimulated by SSP elec-

Figure 4: ‌�Measurement of Strain Ratio. 
a, RTE-image; b, an acoustic coupler attached 
probe.

Figure 5: ‌�Low level laser used in this study. 
JQ-W1 (Minato Medical Science Co, LTD, 
Osaka, Japan).

Figure 7: ‌�Ankles 30-degree dorsiflexion on the 
stretching board.

Figure 6: ‌Cnengjin and Cnengshan acupoints.
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trodes (Delta 0, Nihon Medix, Kashiwa, Japan, Figure 8) 
at a wavelength of 110 Hz for 20 minutes. In St-SSP, St 
was followed by SSP and in ST-LA, St was followed by 
LA. All the protocols are illustrated in Figure 9.

Statistics

After using Friedman test, post-hoc comparisons were 
performed with Bonferroni-Wilcoxon test. Differences 
were considered significant when P was < 0.05.

Results

Strain Ratio change in single protocol

Figure 10 shows the changes in SR performed by three 
single protocols (LA, St, SSP). The strain ratios in LA were 
0.48 ± 0.12, 1.86 ± 0.25, 1.05 ± 0.13, in pre, post, post25, 
respectively. The strain ratios in St were 0.64 ± 0.22, 1.92 
± 0.45, 0.94 ± 0.28, in pre, post, post25, respectively. The 
strain ratios in SSP were 0.53 ± 0.20, 1.85 ± 0.54, 0.44 ± 
0.26, in pre, post, post25, respectively. Post strain ratios in 

LA, St, SSP were significantly higher than the pre strain 
ratios (P < 0.05). Only the post25 SR in SSP was signifi-
cantly lower than the post SR (P < 0.05). 

Strain Ratio change in combined protocols

Figure 11 shows the changes in SR performed by three 
combined protocols (St-LA, St-SSP). The strain ratios in St-
LA were 0.49 ± 0.19, 1.52 ± 0.33, 1.10 ± 0.36, in pre, post, 
post25, respectively. The strain ratios in St-SSP were 0.47 
± 0.22, 1.32 ± 0.40, 0.41 ± 0.16, in pre, post, post25, re-
spectively. Post strain ratios in St-LA, St-SSP were signifi-
cantly higher than the pre strain ratios (P < 0.05). Only 
the post25 SR in St-SSP was significantly lower than the 

Figure 8: ‌�SSP stimulator and electrodes. 
Cnengshan and Cnengjin were stimulated by 
SSP electrodes (Delta 0, Nihon Medix, 
Kashiwa, Japan) at a wavelength of 110 Hz for 
20 minutes.
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Figure 9: ‌Experimental design and procedures.

Figure 10: ‌SR change in LA, St and LLA.

Figure 11: ‌SR change in St-LA, St-SSP.

Figure 12: Pennation angle change in LA, St and LLA.
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post SR (P < 0.05). 

Pennation angle change in single protocol

Figure 12 shows the changes in pennation angle per-
formed by three single protocols (LA, St, SSP). The pen-
nation angle in LA were 22.6 ± 3.1˚, 28.0 ± 4.2˚, 23.0 ± 
2.2˚, in pre, post, post25, respectively. The pennation an-
gle in St were 21.0 ± 3.5˚, 28.4 ± 5.4˚, 22.2 ± 1.9˚, in pre, 
post, post25, respectively. The pennation angle in SSP 
were 22.4 ± 2.4˚, 28.8 ± 2.6˚, 23.6 ± 2.4˚, in pre, post, 
post25, respectively. Post strain ratios in LA, St, SSP were 
significantly higher than the pre strain ratios (P < 0.05). 
No post25 pennation angles were significantly lower than 
the post SR (P < 0.05). 

Pennation change in combined protocols

Figure 13 shows the changes in pennation angle per-
formed by two combined protocols (St-LA, St-SSP). The 
pennation angle in St-LA were 24.0 ± 2.5˚, 32.8 ± 4.4˚, 
24.4 ± 3.1˚, in pre, post, post25, respectively. The strain 
ratios in St-SSP were 23.0 ± 2.6˚, 29.2 ± 4.2˚, 23.9 ± 3.0˚ in 
pre, post, post25, respectively. Post strain ratios in St-LA, 
St-SSP were significantly higher than the pre strain ratios 
(P < 0.05). Only the post25 SR in St-LA was significantly 
lower than the post SR (P < 0.05). 

Discussion

In this study, strain ratio was used to indicate muscle 
hardness. Post-exercise strain ratios in LA, ST and SSP sig-
nificantly increased compared to pre-exercise SR's (P < 
0.05). Only the strain ratio in SSP significantly decreased 
after 25 minutes from the exercise (P < 0.05). Thus, SSP is 
the only effective to the muscle damage created by re-
peated eccentric muscle contractions in this study. Acu-
puncture-like stimulation such as SSP increases regional 
blood circulation, decreases neuromuscular excitability 
and promotes relaxation15). Thus, SSP revealed more ef-
fective to the muscle damage in this study. Post-exercise 
strain ratios in St-LA and St-SSP also increased significant-

ly (P < 0.05) and slightly lower than those in LA, ST and 
SSP. Only the strain ratio in St-SSP significantly decreased 
after 25 minutes from the exercise (P < 0.05). These re-
sults that single application of LLLT showed no effect on 
the strain ratio in this study. Our exercise protocols were 
so eccentric that single application of LLLT showed less 
effect than we expected.
	 For measurements of pennation angle, the orienta-
tion of the transducer is important to achieve accurate 
measurements. Some degrees of misalignments are usual-
ly made. Bolsterlee et al reported that accurate pennation 
angle measurements are obtained when the transducer 
oriented perpendicular to the skin16). Thus, we used this 
protocol. Post-exercise pennation angles in LA, ST and 
SSP significantly increased compared to pre-exercise ones 
(P < 0.05). No pennation angles in these three conditions 
significantly decreased after 25 minutes from the exercise. 
Post-exercise strain ratios in St-LA and St-SSP also in-
creased significantly (P < 0.05). Only the pennation angle 
in St-LA significantly decreased after 25 minutes from the 
exercise (P < 0.05).
	 Low-reactive level laser therapy is effectively ap-
plied to reduction of pain, inflammation and muscle tone. 
LLLT may cause local vascular dilation through stimulat-
ing the parasympathetic nervous system17). The mecha-
nisms underlying the effect of LLLT are incompletely un-
derstood. However, LLLT is clinically applied to acute 
pain with radiating mainly on tender points and to chron-
ic or neuropathic pain with radiating stellate ganglion or 
acupuncture points 18–21). As is mentioned before, SSP is 
cupuncture-like stimulation which increases regional 
blood circulation, decreases neuromuscular excitability 
and promotes relaxation 15). These effects on acupuncture 
points with SSP electrodes were greater than those with 
LLLT because SSP electrodes directly touched on acu-
puncture points and might stimulate autonomic neural 
pathways 15). The effects of LLLT on acupuncture points 
are unknown, however, another project to clarify these 
effects is under progress. 

Conclusions

This study examined the effects of acupuncture stimula-
tion on muscle hardness with using LLLT, SSP therapy, by 
stretching. SSP and St-SSP significantly reduced muscle 
hardness (P < 0.05) and ST-SSP was most effective on re-
ducing muscle hardness. LLLT alone had no acute effect 
on reducing muscle hardness. Only ST-LA reduced pen-
nation angel (P < 0.05). St-LA was most effective on in-
crease in longitudinal muscle extension.

Figure 13: Pennation angle change in St-LA, St-SSP.
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